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1. General Remarks.

Melting point (MP) was obtained with a Yanagimoto micro melting point apparatus and is
uncorrected. Optical rotations were determined in a solution of CH,Cl, at 20 °C by using a Perkin-
Elmer-241 MC polarimeter; [a]p-values are given in units of 107! deg cm? g'!'. Infrared spectra
were measured on a spectrometer. 'H NMR spectra were recorded on a Agilent DD2 400-MR
spectrometer for solution in CDCIl; with tetramethylsilane (TMS) as internal standard; J-values
are in Hz. 3C NMR spectra were recorded at 100 MHz. 'F NMR spectra were recorded at 376
MHz. Data for 'H, 13C, 'F NMR were recorded as follows: chemical shift (5, ppm), multiplicity
(s = singlet, d = doublet, t = triplet, m = multiplet, ¢ = quartet, br = broad). Mass spectra were
recorded with a HP-5989 instrument and HRMS was measured by a Finnigan MA+ mass
spectrometer. Organic solvents used were dried by standard methods when necessary.
Commercially available reagents were used without further purification. All reactions were
monitored by TLC with Huanghai GF,s,4 silica gel coated plates. Flash column chromatography
was carried out using 300-400 mesh silica gel at increased pressure. All reactions were performed
under argon using standard Schlenk techniques.

Compounds 101121 and 2A*B] were prepared according to the previous literatures.
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2. General procedure for synthesis of MCPs 1

(0] NH, NH,
R! | X R? BrCH,CH,CH,PhsP*Br (1.2 eq) R! | X R?
P NaH (2.4 eq), THF, reflux, 24 h P
S 1

Under argon atmosphere, a solution of 3-bromopropyltriphenylphosphonium bromide (5.5 g,
12 mmol) and NaH (576 mg, 24 mmol) in THF (10 mL) was stirred at 70 °C for 12 h. Afterwards
compound S (10 mmol) in THF (5 mL) was added and the reaction solution was stirred at 70 °C for
another 12 h. Then the solvent was removed under reduced pressure and the residue was purified
by a silica gel flash chromatography (eluent: petroleum ether/ethyl acetate = 50/1) to afford the

product 1 in moderate yield.

3. General procedure for the argon controlled synthesis of cyclobuta[b]indoles 3 from aniline-

tethered alkylidenecyclopropanes 1 with alkynes 2

To a flame dried Schlenk tube was added aniline-tethered alkylidenecycopropanes 1 (0.2
mmol), alkynes (0.4 mmol) and DMSO (2.0 mL) under Argon. Then, the resulting solution was
degassed, set under argon and stirred at 80 °C for 2 h. After cooling down to room temperature and
the mixture was diluted with water (15 mL) followed by extraction with ethyl acetate (15 mL x 3).
The combined organic collection was washed with brine (30 mL), and then dried over NaSO,. The
solvent was removed under reduced pressure and the residue was purified by a flash column

chromatography on silica gel (PE/EA: 20:1 ~ 15/1) to give the desired products 3.

4. General procedure for the oxygen controlled synthesis of cyclopenta[b]indoles 4 from

aniline-tethered alkylidenecyclopropanes 1 with alkynes 2

To a flame dried Schlenk tube was added aniline-tethered alkylidenecycopropanes 1 (0.2

mmol), alkynes (0.4 mmol). Then, the tube was evacuated and backfilled with O, for 3 times, and
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inserted an O, balloon. The solvent DMSO (2.0 mL) was added under O,. Next, the resulting
solution was allowed to stir at 80 °C for 12 h. After cooling down to room temperature and the
mixture was diluted with water (15 mL) followed by extraction with ethyl acetate (15 mL x 3). The
combined organic collection was washed with brine (30 mL), and then dried over NaSQ,. The
solvent was removed under reduced pressure and the residue was purified by flash column

chromatography on silica gel (PE/EA: 15:1 ~10/1) to give the desired products 4.

5. Characterization and spectra charts for 1.

NH,

L,

2-([1,1'-biphenyl]-4-yl(cyclopropylidene)methyl)aniline 1i

5.0 mmol scale, a light yellow solid, 55% yield (819.5 mg). M.p.: 125-128 °C. 'H NMR (CDCl;,
TMS, 400 MHz) ¢ 1.18-1.23 (m, 2H), 1.60-1.65 (m, 2H), 3.55 (s, 2H), 6.74 (d, J = 8.0 Hz, 1H),
6.82 (t,J=7.6 Hz, 1H), 7.11-7.21 (m, 2H), 7.32 (t, /= 7.6 Hz, 1H), 7.41 (t,J = 7.6 Hz, 2H), 7.53-
7.60 (m, 6H). 13C NMR (CDCl;, TMS, 100 MHz) 6 1.7, 5.5, 115.5, 118.3, 125.9, 126.4, 126.6,
126.9, 127.0, 127.1, 127.2, 128.3, 128.7, 130.8, 138.1, 139.7, 140.7, 144.2. IR (neat) v 3480, 3382,
3081, 3059, 3026, 2967, 2923, 2859, 1732, 1607, 1484, 1444, 1304, 1266, 1178, 1158, 1008, 902,
839, 768, 741, 699 cm!. HRMS (ESI) Calcd. for CoyHyo)N*'(M+H)* requires: 298.1590, found:
298.1591.
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2-((4-(benzyloxy)phenyl)(cyclopropylidene)methyl)aniline 1j

5.0 mmol scale, a brown solid, 53% yield (866.6 mg). M.p.: 77-79 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 1.13-1.18 (m, 2H), 1.52-1.57 (m, 2H), 3.51 (s, 2H), 5.03 (s, 2H), 6.71 (dd, /= 0.4 Hz,
8.0 Hz, 1H), 6.79 (dt, J = 1.2 Hz, 7.2 Hz, 1H), 6.89-7.00 (m, 2H), 7.09 (dd, J = 1.2 Hz, 7.2 Hz,
1H), 7.12-7.17 (m, 1H), 7.28-7.32 (m, 1H), 7.33-7.45 (m, 6H). *C NMR (CDCl;, TMS, 100 MHz)
51.6,5.3,69.9,114.6, 1154, 118.2, 123.4, 126.3, 126.7, 127.4, 127.7, 127.9, 128.2, 128.5, 130.8,
132.0, 136.9, 144.2, 157.9. IR (neat) v 3470, 3377, 3092, 3067, 3045, 2974, 2956, 2923, 2870,
1614, 1506, 1490, 1452, 1386, 1246, 1171, 1025, 905, 829, 735, 693 cm'. HRMS (ESI) Calcd. for
Cy3HpoNT{(M+H)"' requires: 328.1696, found: 328.1697.
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2-(cyclopropylidene(naphthalen-1-yl)methyl)aniline 11

5.0 mmol scale, a light yellow solid, 50% yield (677.5 mg). M.p.: 88-90 °C. 'H NMR (CDCls,
TMS, 400 MHz) 6 1.21-1.26 (m, 2H), 1.44-1.49 (m, 2H), 3.68 (s, 2H), 6.64 (d, J = 8.0 Hz, 1H),
6.66-6.71 (m, 1H), 7.03-7.08 (m, 1H), 7.15-7.18 (m, 1H), 7.35-7.46 (m, 4H), 7.76-7.79 (m, 1H),
7.84 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H). 3C NMR (CDCl;, TMS, 100 MHz) & 4.4, 5.2,
116.0, 118.1, 125.4, 125.6, 125.8, 126.7, 127.4, 127.5, 127.6, 127.98, 128.04, 128.4, 130.2, 131.3,
133.9, 139.5, 143.8. IR (neat) v 3465, 3376, 3057, 2971, 2928, 2859, 1612, 1573, 1489, 1451,
1392, 1336, 1302, 1256, 1156, 1142, 1105, 1069, 1046, 1020, 1001, 939, 902, 870, 852, 801, 776,
756, 745, 675 cml. HRMS (ESI) Caled. for CyoHigN*!{(M+H)" requires: 272.1434, found:
272.1434.
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5.0 mmol scale, a brown liquid, 53% yield (559.1 mg). 'H NMR (CDCl;, TMS, 400 MHz) 6 1.19-
1.24 (m, 2H), 1.54-1.59 (m, 2H), 3.66 (s, 2H), 6.14 (d, J = 3.2 Hz, 1H), 6.36-6.38 (m, 1H), 6.74-
6.80 (m, 2H), 7.12-7.18 (m, 2H), 7.42 (s, 1H). 13C NMR (CDClL;, TMS, 100 MHz) & 2.4, 5.0,
107.3,111.2, 115.6, 118.1, 118.7, 124.1, 124.4, 128.6, 130.6, 142.1, 144.3, 154.1. IR (neat) v 3467,
3378, 3111, 3050, 3024, 3972, 2920, 1671, 1612, 1492, 1452, 1300, 1255, 1208, 1151, 1007, 939,
886, 873, 808, 735, 692 cm!. HRMS (ESI) Calcd. for C;4H 4,NO"{(M+H)" requires: 212.1070,

found: 212.1070.
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2-(cyclopropylidene(thiophen-2-yl)methyl)aniline 1n

5.0 mmol scale, a brown solid, 45% yield (510.7 mg). M.p.: 48-50 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 1.27-1.32 (m, 2H), 1.51-1.56 (m, 2H), 3.65 (s, 2H), 6.75-6.82 (m, 3H), 6.93-6.96 (m,
1H), 7.13-7.22 (m, 3H). 3C NMR (CDCl3, TMS, 100 MHz) & 3.4, 5.7, 115.6, 118.2, 122.7, 124 4,
124.6, 124.8, 125.5, 127.0, 128.6, 130.5, 144.2, 145.0. IR (neat) v 3404, 3279, 3182, 3103, 3072,
3025, 2971, 2914, 2848, 1611, 1577, 1489, 1452, 1418, 1296, 1248, 1233, 1155, 1144, 1045, 1027,
1010, 878, 848, 836, 804, 753, 704, 691 cm'l. HRMS (ESI) Caled. for C;4H4NST(M+H)*
requires: 228.0841, found: 228.0840.
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5.0 mmol scale, a faint yellow liquid, 51% yield (512.6 mg). '"H NMR (CDCl;, TMS, 400 MHz) &

0.87 (t, J= 7.2 Hz, 3H), 1.03-1.08 (m, 2H), 1.20-1.24 (m, 2H), 1.27-1.35 (m, 2H), 1.39-1.48 (m,

2H), 2.51-2.56 (m, 2H), 3.71 (s, 2H), 6.70-6.76 (m, 2H), 7.03-7.08 (m, 2H). 3C NMR (CDCL,,

TMS, 100 MHz) & 2.7, 3.4, 13.9, 22.5, 30.3, 36.1, 115.4, 117.9, 120.6, 127.3, 127.4, 127.9, 128.5,

143.6. IR (neat) v 3471, 3374, 3047, 3020, 2955, 2929, 2873, 2856, 1609, 1492, 1451, 1376, 1296,

1254, 1156, 1104, 1065, 999, 960, 931, 845, 744 cm'. HRMS (ESI) Calcd. for C14HyoN"!{(M+H)*

requires: 202.1590, found: 202.1589.

—3.706

—0.000

NH;
\\/

1
i
o~
%

T T
.0 9.5

T
9.0

T . . T . .
6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

S13

12018 e

[

5



143. 628
37
77. 000
76. 681
GR9

T

—36, 050
—30. 271
—22. 544

13, 901
_-3.398

L
AN
.

- : - ; : : ; - : : ; : - : : - ; : : - :
200 190 180 170 160 150 140 130 120 110 100 90 30 70 60 50 40 30 20 10 0
f1 (ppm)

NH,

2-(cyclohexyl(cyclopropylidene)methyl)aniline 1q

5.0 mmol scale, a light yellow solid, 47% yield (533.5 mg). M.p.: 39-44 °C. '"H NMR (CDCls,
TMS, 400 MHz) 6 0.84-0.89 (m, 2H), 1.10-1.42 (m, 7H), 1.61-1.67 (m, 1H), 1.71-1.76 (m, 2H),
1.87-1.91 (m, 2H), 2.35-2.42 (m, 1H), 3.60 (s, 2H), 6.67-6.73 (m, 2H), 6.97 (dd, J = 1.6 Hz, 7.6
Hz, 1H), 7.01-7.06 (m, 1H). 13C NMR (CDCl;, TMS, 100 MHz) & 0.7, 4.0, 26.3, 26.6, 32.1, 45.1,
115.0, 117.7, 119.2, 127.2, 128.8, 128.9, 131.8, 143.7. IR (neat) v 3405, 3308, 3200, 3075, 3053,
3036, 2973, 2922, 2848, 1611, 1574, 1489, 1449, 1413, 1316, 1290, 1264, 1246, 1155, 1142, 1063,
1049, 1040, 1011, 955, 937, 889, 859, 840, 807, 746 cm’'. HRMS (ESI) Calcd. for
Ci6HoN I (M+H)" requires: 228.1747, found: 228.1747.
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Diethyl-7b-phenyl-3,7b-dihydrospiro[cyclobuta|b]indole-1,1'-cyclopropane]-2,2a(2H)-
dicarboxylate 3a

0.3 mmol scale, a light yellow solid, 83% yield (97.4 mg). M.p.: 100-101 °C. '"H NMR (CDCls,
TMS, 400 MHz) 6 0.04-0.10 (m, 1H), 0.77 (t, J = 7.2 Hz, 3H), 0.83-0.89 (m, 1H), 1.02-1.08 (m,
1H), 1.13-1.20 (m, 1H), 1.23 (t, J = 7.2 Hz, 3H), 3.57-3.66 (m, 1H), 3.71-3.79 (m, 1H), 4.07-4.20
(m, 2H), 4.53 (s, 1H), 4.94 (s, 1H), 6.59 (d, J = 7.2 Hz, 1H), 6.71 (dd, J = 7.2 Hz, 7.2 Hz, 1H),
6.82 (d,J=28.0 Hz, 1H), 7.12 (dd, J= 7.6 Hz, 7.6 Hz, 1H), 7.25-7.29 (m, 1H), 7.33 (dd, J= 7.6 Hz,
7.6 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H). 13C NMR (CDCl;, TMS, 100 MHz) 6 7.5, 10.2, 13.6, 14.3,
29.2, 48.0, 60.2, 61.5, 66.6, 76.2, 110.3, 118.8, 124.7, 127.4, 128.0, 128.3, 129.3, 130.9, 137.4,
153.4, 169.7, 170.0. IR (neat) v 3378, 2982, 2936, 2870, 2903, 0839, 1719, 1603, 1479, 1464,
1443, 1391, 1368, 1248, 1204, 1150, 1095, 1066, 1037, 942, 856, 820, 746, 718, 700, 675 cm’!.
HRMS (ESI) Calcd. for Co4HpsNO4{(M+H)" requires: 392.1856, found: 392.1855.
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diethyl-7b-(2-methoxyphenyl)-3,7h-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-
2,2a(2H)-dicarboxylate 3b

0.3 mmol scale, a white solid, 88% yield (111.1 mg). M.p.: 90-92 °C. '"H NMR (CDCl;, TMS, 400
MHz) 6 0.01-0.03 (m, 1H), 0.86 (t, J = 7.2 Hz, 3H), 1.05-1.14 (m, 3H), 1.21 (t, J = 7.2 Hz, 3H),
3.35 (s, 3H), 3.77-3.86 (m, 1H), 3.89-3.98 (m, 1H), 4.04-4.18 (m, 2H), 4.23 (s, 1H), 5.17 (s, 1H),
6.39 (d,J=7.2 Hz, 1H), 6.58 (dd, J= 7.2 Hz, 7.2 Hz, 1H), 6.77 (dd, J = 8.0 Hz, 8.0 Hz, 2H), 6.99-
7.03 (m, 2H), 7.28 (dd, J= 7.2 Hz, 7.2 Hz, 1H), 7.94 (d, /= 7.2 Hz, 1H). 3C NMR (CDCl;, TMS,
100 MHz) § 5.9, 9.7, 13.5, 14.2, 28.7, 50.5, 54.4, 60.0, 61.0, 63.8, 75.1, 109.8, 110.6, 118.2, 119.9,
122.0, 126.8, 126.9, 128.3, 128.5, 133.7, 151.8, 158.2, 170.0, 170.4. IR (neat) v 3392, 3084, 3050,
3028, 2984, 2934, 2903, 2834, 1727, 1712, 1605, 1482, 1463, 1371, 1274, 1232, 1188, 1162, 1122,
1066, 1054, 1027, 1002, 894, 783, 752, 742, 718 cml. HRMS (ESI) Calcd. for
C,sHysNOs ™ (M+H)" requires: 422.1962, found: 422.1961.
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diethyl-7b-(m-tolyl)-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-2,2a(2H)-
dicarboxylate 3¢

0.3 mmol scale, a faint yellow liquid, 84% yield (101.8 mg). '"H NMR (CDCl;, TMS, 400 MHz) &
0.02-0.08 (m, 1H), 0.78 (t, J = 7.2 Hz, 3H), 0.83-0.89 (m, 1H), 1.01-1.08 (m, 1H), 1.11-1.18 (m,
1H), 1.23 (t, J = 7.2 Hz, 3H), 3.32 (s, 3H), 3.59-3.68 (m, 1H), 3.72-3.81 (m, 1H), 4.07-4.20 (m,
2H), 4.53 (s, 1H), 4.94 (s, 1H), 6.59 (d, J= 7.2 Hz, 1H), 6.71 (dd, J= 7.2 Hz, 7.2 Hz, 1H), 6.82 (d,
J=28.0 Hz, 1H), 7.07-7.14 (m, 2H), 7.23 (dd, J = 8.0 Hz, 8.0 Hz, 1H), 7.29 (s, 1H), 7.34 (d, /= 8.0
Hz, 1H). 13C NMR (CDCl;, TMS, 100 MHz) & 7.4, 10.1, 13.4, 14.2, 21.5, 29.1, 47.9, 60.1, 61.4,
66.5, 76.1, 110.1, 118.7, 124.6, 126.3, 127.8, 128.0, 128.1, 129.8, 130.9, 137.2, 137.4, 153.3,
169.6, 170.0. IR (neat) v 3369, 3053, 2981, 2934, 2900, 2853, 1720, 1605, 1483, 1465, 1369, 1321,
1276, 1255, 1208, 1184, 1095, 1066, 1042, 1025, 941, 912, 865, 799, 779, 742, 722, 700 cm’!.
HRMS (ESI) Calcd. for CosHpsNO4 {(M+H)" requires: 406.2013, found: 406.2012.
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diethyl-7b-(p-tolyl)-3,7bh-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-2,2a(2H)-
dicarboxylate 3d

0.3 mmol scale, a faint yellow solid, 91% yield (111.0 mg). M.p.: 102-105 °C. 'H NMR (CDCls,
TMS, 400 MHz) & 0.02-0.09 (m, 1H), 0.79 (t, J = 7.2 Hz, 3H), 0.81-0.87 (m, 1H), 1.00-1.06 (m,
1H), 1.11-1.18 (m, 1H), 1.22 (t, J = 7.2 Hz, 3H), 2.33 (s, 3H), 3.62-3.71 (m, 1H), 3.72-3.80 (m,
1H), 4.07-4.19 (m, 2H), 4.52 (s, 1H), 4.93 (s, 1H), 6.59 (dd, /= 0.8 Hz, 7.2 Hz, 1H), 6.67-6.72 (m,
1H), 6.81 (d, J= 8.0 Hz, 1H), 7.08-7.15 (m, 3H), 7.40 (d, J = 8.0 Hz, 2H). 3C NMR (CDCl;, TMS,
100 MHz) & 7.4, 10.0, 13.5, 14.2, 20.9, 29.1, 47.9, 60.1, 61.4, 66.3, 76.1, 110.1, 118.6, 124.6,
128.1, 128.6, 129.1, 130.9, 134.2, 136.9, 153.3, 169.6, 170.0. IR (neat) v 3379, 3089, 3053, 3025,
2986, 2970, 2924, 2875, 2850, 1731, 1719, 1608, 1514, 1485, 1470, 1371, 1345, 1317, 1274, 1259,
1233, 1215, 1185, 1151, 1113, 1063, 1039, 1024, 967, 934, 900, 867, 854, 814, 792, 746, 724, 710
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cml.

HRMS (ESI) Calcd. for CosHysNO4 {(M+H)* requires: 406.2013, found: 406.2014.
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N
diethyl-7b-(4-bromophenyl)-3,7b-dihydrospiro[cyclobuta|b]indole-1,1'-cyclopropane]-
2,2a(2H)-dicarboxylate 3e

0.3 mmol scale, a white solid, 84% yield (118.2 mg). M.p.: 109-111 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 0.05-0.10 (m, 1H), 0.77-0.86 (m, 4H), 1.01-1.07 (m, 1H), 1.15-1.20 (m, 1H), 1.23 (t,
J =172 Hz, 3H), 3.67-3.75 (m, 1H), 3.76-3.84 (m, 1H), 4.07-4.20 (m, 2H), 4.49 (s, 1H), 4.94 (s,
1H), 6.55 (d, /= 6.8 Hz, 1H), 6.69-6.74 (m, 1H), 6.82 (d, /= 8.0 Hz, 1H), 7.10-7.15 (m, 1H), 7.40
(d, J= 8.8 Hz, 2H), 7.47 (d, J = 8.8 Hz, 2H). 3C NMR (CDCl;, TMS, 100 MHz) 6 7.6, 10.1, 13.6,
14.2, 29.1, 48.0, 60.2, 61.6, 66.1, 76.1, 110.3, 118.8, 121.5, 124.4, 128.4, 130.2, 131.0, 131.1,
136.5, 153.3, 169.4, 169.7. IR (neat) v 3377, 3084, 30583, 2986, 2925, 2900, 2870, 1719, 1707,
1604, 1485, 1464, 1394, 1367, 1344, 1317, 1287, 1275, 1259, 1219, 1186, 1152, 1095, 1072, 1035,
1006, 966, 936, 898, 871, 819, 788, 744, 729, 710 cm’!. HRMS (ESI) Calcd. for
C,4HsNO,Br* I (M+H)" requires: 470.0961, found: 470.0959.

Br

N COOEt
H

[
b
" Ii

)
Fud

o0 @

LA

i U,

163
~

0.94=x

B

7 0.89=
2.00g
0.98-J

1.94

0.
0.9:

4 0.92=
o

T T T T T
.0 3.5 3.0 2.5 2.0 1.5

o
=

T T T T T T
10.0 9.5 9.0 8.5 8.0 7.0 6.5 6.0

5 5{ .
£1 (ppm)

S22



968
079

). TIT

- 169. 389

)

136.541
~T7.555

110,331

29. 081

47,

—14.234

~10.

SO O 11 ! Y A

. T T . T T T . T T . T T . T T T . T T .
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)

Cl

-
-
-

N
H

COOEt
“COOEt

diethyl-7b-(4-chlorophenyl)-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-
2,2a(2H)-dicarboxylate 3f

0.3 mmol scale, a white solid, 94% yield (119.6 mg). M.p.: 110-112 °C. 'H NMR (CDCl;, TMS,
400 MHz) & 0.04-0.10 (m, 1H), 0.77-0.85 (m, 4H), 1.01-1.07 (m, 1H), 1.15-1.26 (m, 4H), 3.66-
3.75 (m, 1H), 3.75-3.84 (m, 1H), 4.07-4.20 (m, 2H), 4.50 (s, 1H), 4.95 (s, 1H), 6.55 (d, J=7.2 Hz,
1H), 6.71 (dd, J = 7.2 Hz, 7.2 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 7.09-7.14 (m, 1H), 7.31 (d, J =
8.8 Hz, 2H), 7.46 (d, J = 8.8 Hz, 2H). *C NMR (CDCl;, TMS, 100 MHz) & 7.5, 10.1, 13.5, 14.2,
29.1, 47.9, 60.2, 61.6, 66.0, 76.1, 110.3, 118.8, 124.4, 128.1, 128.4, 130.2, 130.6, 133.2, 136.0,
153.3, 169.4, 169.7. IR (neat) v 3381, 3092, 3072, 3056, 3034, 2978, 2920, 2848, 1735, 1719,
1701, 1602, 1481, 1461, 1367, 1285, 1259, 1230, 1186, 1093, 1067, 1037, 1013, 840, 821, 743,
734 cm'. HRMS (ESI) Calcd. for C,4HysNO4CIT{(M+H)* requires: 426.1467, found: 426.1464.
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Diethyl-7b-(4-fluorophenyl)-3,7b-dihydrospiro|cyclobuta[b]indole-1,1'-cyclopropane]-
2,2a(2H)-dicarboxylate 3g

0.3 mmol scale, a white solid, 89% yield (108.7 mg). M.p.: 117-120 °C. 'H NMR (CDCl;, TMS,
400 MHz) & 0.04-0.10 (m, 1H), 0.76-0.86 (m, 4H), 1.01-1.07 (m, 1H), 1.15-1.25 (m, 4H), 3.64-
3.73 (m, 1H), 3.75-3.84 (m, 1H), 4.07-4.20 (m, 2H), 4.51 (s, 1H), 4.95 (s, 1H), 6.56 (d, /= 7.2 Hz,
1H), 6.71 (dd, J = 7.2 Hz, 7.2 Hz, 1H), 6.82 (d, J = 7.2 Hz, 1H), 7.00-7.05 (m, 2H), 7.11 (d, J =
7.2 Hz, 1H), 7.48-7.52 (m, 2H). *C NMR (CDCl;, TMS, 100 MHz) & 7.6, 10.1, 13.6, 14.2, 29.3,
479, 60.2, 61.5, 65.9, 76.0, 110.2, 114.8 (d, /= 20.0 Hz), 118.7, 124.4, 128.3, 130.5, 1309 (d, J =
7.9 Hz), 133.1 (d, J = 3.2 Hz), 153.2, 162.0 (d, J = 245.3 Hz), 169.5, 169.8. °F NMR (CDCls,
CFCl;,376 MHz) & -115.20- -115.13 (m). IR (neat) v 3391, 3081, 3050, 3031, 2989, 2956, 2925,
2848, 2831, 1711, 1603, 1509, 1481, 1462, 1371, 1289, 1276, 1228, 1188, 1163, 1067, 1054, 1038,
1027, 896, 839, 752, 741, 719 cm’l. HRMS (ESI) Calcd. for Co4HpsNO4F{(M+H)" requires:
410.1762, found: 410.1759.
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diethyl-7b-(4-(trifluoromethyl)phenyl)-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-
cyclopropane]-2,2a(2H)-dicarboxylate 3h

0.3 mmol scale, a faint yellow solid, 87% yield (119.7 mg). M.p.: 77-80 °C. 'H NMR (CDCls,
TMS, 400 MHz) & 0.06-0.12 (m, 1H), 0.75 (t, J = 7.2 Hz, 3H), 0.80-0.86 (m, 1H), 1.06-1.12 (m,
4H), 1.17-1.26 (m, 4H), 3.62-3.70 (m, 1H), 3.72-3.80 (m, 1H), 4.09-4.21 (m, 2H), 4.51 (s, 1H),
4.97 (s, 1H), 6.55 (d, /= 7.2 Hz, 1H), 6.73 (dd, J = 7.2 Hz, 7.2 Hz, 1H), 6.84 (d, /= 7.2 Hz, 1H),
7.12-7.17 (m, 1H), 7.60 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H). 13C NMR (CDCl;, TMS, 100
MHz) & 7.6, 10.2, 13.4, 14.2, 29.1, 48.1, 60.3, 61.7, 66.3, 76.3, 110.5, 119.0, 124.1 (q, J = 270.4
Hz), 124.4,124.9 (q, J= 3.8 Hz), 128.6, 129.5 (q, /= 32.2 Hz), 129.7, 130.0, 141.8 (q, /= 1.4 Hz),
153.4, 169.3, 169.6. 'F NMR (CDCl;, CFCl; 376 MHz) & -62.6. IR (neat) v 3397, 3047, 2989,
2961, 2942, 2900, 1734, 1724, 1713, 1618, 1606, 1482, 1466, 1407, 1324, 1276, 1262, 1166, 1115,
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1068, 1055, 1035, 1016, 882, 832, 740, 715 cm'!. HRMS (ESI) Calcd. for C,sHysNO4F5 ' (M+H)*
requires: 460.1730, found: 460.1728.
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diethyl-7b-([1,1'-biphenyl]-4-yl)-3,7h-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-
2,2a(2H)-dicarboxylate 3i

0.3 mmol scale, a faint yellow solid, 74% yield (103.7 mg). M.p.: 40-42 °C. '"H NMR (CDCls,
TMS, 400 MHz) & 0.07-0.13 (m, 1H), 0.76 (t, J = 7.2 Hz, 3H), 0.87-0.93 (m, 1H), 1.05-1.11 (m,
1H), 1.16-1.26 (m, 4H), 3.62-3.71 (m, 1H), 3.72-3.81 (m, 1H), 4.09-4.21 (m, 2H), 4.56 (s, 1H),
4.97 (s, 1H), 6.64 (d, /= 7.2 Hz, 1H), 6.74 (dd, J = 7.2 Hz, 7.2 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H),
7.13 (dd, J = 8.0 Hz, 8.0 Hz, 1H), 7.32-7.37 (m, 1H), 7.42-7.46 (m, 2H), 7.55-7.61 (m, 6H). 13C
NMR (CDCl;, TMS, 100 MHz) & 7.5, 10.2, 13.5, 14.3, 29.2, 48.0, 60.2, 61.5, 66.4, 76.3, 110.3,
118.8, 124.6, 126.6, 127.0, 127.3, 128.3, 128.8, 129.7, 130.7, 136.5, 140.1, 140.6, 153.4, 169.6,
169.9. IR (neat) v 3379, 3056, 3028, 2980, 2956, 2926, 2870, 2853, 1723, 1604, 1485, 1465, 1391,
1369, 1322, 1280, 1258, 1186, 1095, 1066, 1037, 1025, 1007, 936, 899, 857, 830, 744, 697, 658
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cm'. HRMS (ESI) Calcd. for C30H30NO4 {(M+H)" requires: 468.2169, found: 468.2167.
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diethyl-7b-(4-(benzyloxy)phenyl)-3,7b-dihydrospiro[cyclobuta|b]indole-1,1'-cyclopropane]-
2,2a(2H)-dicarboxylate 3j

0.3 mmol scale, a faint yellow solid, 88% yield (131.2 mg). M.p.: 99-101 °C. 'H NMR (CDCls,
TMS, 400 MHz) 6 0.02-0.09 (m, 1H), 0.77-0.85 (m, 4H), 0.98-1.05 (m, 1H), 1.12-1.17 (m, 1H),
1.22 (t, J = 7.2 Hz, 3H), 3.59-3.68 (m, 1H), 3.72-3.80 (m, 1H), 4.07-4.19 (m, 2H), 4.51 (s, 1H),
4.92 (s, 1H), 5.06 (s, 2H), 6.58 (d, J= 7.2 Hz, 1H), 6.70 (dd, /= 7.2 Hz, 7.2 Hz, 1H), 6.80 (d, J =
8.0 Hz, 1H), 6.94 (d, J = 8.8 Hz, 2H), 7.10 (dd, J = 8.0 Hz, 8.0 Hz, 1H), 7.28-7.33 (m, 1H), 7.34-
7.38 (m, 2H), 7.41-7.44 (m, 4H). *C NMR (CDCl;, TMS, 100 MHz) 6 7.5, 10.1, 13.6, 14.2, 29.3,
47.8, 60.1, 61.4, 66.1, 69.8, 76.0, 110.1, 114.2, 118.6, 124.6, 127.3, 127.9, 128.1, 128.5, 129.5,
130.4, 130.9, 136.8, 153.2, 157.9, 169.6, 170.0. IR (neat) v 3378, 3064, 3042, 3028, 2989, 2942,
2903, 2870, 1721, 1710, 1600, 1509, 1483, 1461, 1365, 1292, 1254, 1219, 1186, 1157, 1076, 1039,
1010, 871, 839, 804, 788, 755, 741, 703 cm’'. HRMS (ESI) Calcd. for C3;H3,NOs™(M+H)*
requires: 498.2275, found: 498.2277.
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diethyl-7b-(4-(tert-butyl)phenyl)-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-
2,2a(2H)-dicarboxylate 3k

0.3 mmol scale, a white solid, 91% yield (122.4 mg). M.p.: 44-46 °C. '"H NMR (CDCl;, TMS, 400
MHz) 6 0.03-0.09 (m, 1H), 0.69 (t, J = 7.2 Hz, 3H), 0.84-0.91 (m, 1H), 1.00-1.06 (m, 1H), 1.13-
1.19 (m, 1H), 1.23 (t, J = 7.2 Hz, 3H), 1.31 (s, 9H), 3.53-3.62 (m, 1H), 3.69-3.78 (m, 1H), 4.07-
4.20 (m, 2H), 4.52 (s, 1H), 4.94 (s, 1H), 6.61 (d, J = 7.2 Hz, 1H), 6.68-6.73 (m, 1H), 6.82 (d, J =
8.0 Hz, 1H), 7.08-7.13 (m, 1H), 7.34 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H). *C NMR
(CDClI3, TMS, 100 MHz) 6 7.4, 10.2, 13.4, 14.3, 29.1, 31.3, 34.4, 47.9, 60.1, 61.3, 66.3, 76.1,
110.2, 118.7, 124.7, 124.8, 128.1, 128.9, 130.9, 134.2, 150.1, 153.4, 169.7, 170.0. IR (neat) v 3381,
3086, 3050, 3028, 2961, 2931, 2903, 2867, 1722, 1606, 1509, 1484, 1464, 1390, 1367, 1255, 1212,
1184, 1066, 1038, 1018, 935, 869, 826, 742, 702 cm!. HRMS (ESI) Calcd. for
CosH3,NO, " (M+H)* requires: 448.2482, found: 448.2484.
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diethyl-7b-(naphthalen-1-yl)-3,7h-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-
2,2a(2H)-dicarboxylate 31

0.3 mmol scale, a white solid, 82% yield (108.7 mg). M.p.: 135-136 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 -0.05-0.02 (m, 1H), 0.30 (t, J/ = 7.2 Hz, 3H), 1.09-1.15 (m, 1H), 1.19-1.34 (m, 5H),
3.08-3.17 (m, 1H), 3.37-3.46 (m, 1H), 4.09-4.22 (m, 2H), 4.45 (s, 1H), 5.31 (s, 1H), 6.26 (d, J =
7.2 Hz, 1H), 6.55 (dd, J= 7.2 Hz, 7.2 Hz, 1H), 6.95 (d, J= 7.2 Hz, 1H), 7.04-7.14 (m, 2H), 7.22 (d,
J=28.0 Hz, 1H), 7.30 (dd, J = 8.0 Hz, 8.0 Hz, 1H), 7.56 (dd, J= 8.0 Hz, 8.0 Hz, 1H), 7.78-7.84 (m,
2H), 8.48 (d, J= 7.2 Hz, 1H). 3C NMR (CDCl3, TMS, 100 MHz) & 6.3, 9.6, 12.7, 14.2, 30.0, 50.2,
60.1, 61.2, 66.0, 76.0, 110.4, 118.8, 122.9, 124.75, 124.76, 125.0, 126.2, 126.8, 127.7, 128.60,
128.62, 132.2, 133.2, 133.3, 134.7, 151.7, 169.7, 170.4. IR (neat) v 3376, 3084, 3050, 2981, 2959,
2939, 2925, 2900, 2867, 1741, 1710, 1603, 1483, 1469, 1390, 1369, 1286, 1257, 1202, 1186, 1150,
1058, 1035, 871, 857, 799, 780, 769, 759, 732, 717 cm’l. HRMS (ESI) Calcd. for
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CosH sNO4{(M+H)" requires: 442.2013, found: 442.2010.
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diethyl-7b-(furan-2-yl)-3,7b-dihydrospiro[cyclobuta|b]indole-1,1'-cyclopropane]-2,2a(2H)-
dicarboxylate 3m

0.3 mmol scale, a yellow solid, 50% yield (57.2 mg). M.p.: 89-90 °C. 'H NMR (CDCl;, TMS, 400
MHz) § 0.10-0.17 (m, 1H), 0.89-0.92 (m, 2H), 1.03 (t, /= 7.2 Hz, 3H), 1.13-1.19 (m, 1H), 1.22 (t,
J =172 Hz, 3H), 3.87-3.96 (m, 1H), 3.97-4.05 (m, 1H), 4.06-4.19 (m, 2H), 4.50 (s, 1H), 4.94 (s,
1H), 6.37 (dd, J = 2.0 Hz, 3.2 Hz, 1H), 6.42 (dd, J = 0.8 Hz, 3.2 Hz, 1H), 6.69-6.75 (m, 2H), 6.80
(d, J= 8.0 Hz, 1H), 7.09-7.14 (m, 1H), 7.42 (dd, J= 0.8 Hz, 2.0 Hz, 1H). 3C NMR (CDCl;, TMS,
100 MHz) & 6.8, 9.5, 13.8, 14.2, 29.4, 48.8, 60.2, 61.9, 62.1, 75.4, 109.6, 110.3, 110.4, 118.9,
124.2, 128.66, 128.74, 142.7, 151.8, 152.7, 169.8, 169.9. IR (neat) v 3411, 3367, 3339, 3056, 3975,
2956, 2934, 2900, 2867, 1712, 1651, 1604, 1482, 1467, 1447, 1369, 1324, 1286, 1254, 1216, 1178,
1095, 1066, 1036, 1014, 974, 860, 821, 750, 741, 720 cm!. HRMS (ESI) Calcd. for
CyoHpNOs" (M+H)* requires: 382.1649, found: 382.1648.
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diethyl-7b-(thiophen-2-yl)-3,7bh-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-
2,2a(2H)-dicarboxylate 3n

0.3 mmol scale, a yellow solid, 73% yield (86.9 mg). M.p.: 91-93 °C. 'H NMR (CDCl;, TMS, 400
MHz) 3 0.14-0.20 (m, 1H), 0.92-1.04 (m, 5H), 1.18-1.26 (m, 4H), 3.75-3.84 (m, 1H), 3.86-3.93 (m,
1H), 4.07-4.20 (m, 2H), 4.57 (s, 1H), 4.92 (s, 1H), 6.72 (dd, /= 7.6 Hz, 7.6 Hz, 1H), 6.77-6.81 (m,
2H), 7.01-7.04 (m, 1H), 7.09-7.15 (m, 2H), 7.27 (d, J= 4.2 Hz, 1H). 3C NMR (CDCl;, TMS, 100
MHz) 6 7.9, 10.1, 13.7, 14.2, 31.5, 48.0, 60.2, 61.7, 63.9, 76.7, 110.2, 118.8, 124.6, 125.4, 126.8,
127.3, 128.8, 130.6, 142.2, 152.8, 169.4, 169.9. IR (neat) v 3385, 3064, 2986, 2974, 2924, 2873,
2850, 1719, 1608, 1484, 1471, 1417, 1370, 1347, 1317, 1280, 1257, 1236, 1210, 1190, 1149, 1114,
1081, 1065, 1051, 1035, 1022, 936, 865, 824, 797, 747, 716, 699 cm!. HRMS (ESI) Calcd. for
CyoHpNO,ST{(M+H)" requires: 398.1421, found: 398.1418.
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diethyl-7b-methyl-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-2,2a(2H)-
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dicarboxylate 30

0.3 mmol scale, a yellow oil, 81% yield (79.9 mg). 'H NMR (CDCl;, TMS, 400 MHz) § 0.11-0.17
(m, 1H), 0.49-0.55 (m, 1H), 0.63-0.69 (m, 1H), 1.02-1.08 (m, 1H), 1.18 (t, /= 7.2 Hz, 3H), 1.31 (t,
J =172 Hz, 3H), 1.37 (s, 3H), 4.02-4.15 (m, 2H), 4.20-4.34 (m, 3H), 4.84 (s, 1H), 6.67-6.71 (m,
3H), 7.01-7.06 (m, 1H). 3C NMR (CDCl;, TMS, 100 MHz) 8 6.9, 7.8, 14.1, 14.3, 17.0, 29.9, 48.8,
56.7, 60.0, 61.7, 73.1, 109.7, 118.6, 122.2, 127.9, 132.4, 151.6, 170.2, 170.6. IR (neat) v 3399,
2979, 2956, 2945, 2925, 2900, 2867, 1721, 1607, 1484, 1468, 1449, 1370, 1320, 1287, 1258, 1239,
1185, 1158, 1130, 1096, 1074, 1036, 1016, 865, 819, 750, 702, 685 cm-'. HRMS (ESI) Calcd. for

C1oH24NO4 " (M+H)" requires: 330.1700, found: 330.1701.
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diethyl-7b-cyclohexyl-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-2,2a(2H)-
dicarboxylate 3q

0.3 mmol scale, a white oil, 99% yield (117.3 mg). 'H NMR (CDCl;, TMS, 400 MHz) & 0.37-0.44
(m, 1H), 0.55-0.61 (m, 1H), 0.93-1.32 (m, 11H), 1.37 (t, /= 7.2 Hz, 3H), 1.60-1.77 (m, 4H), 1.89-
1.97 (m, 1H), 3.70 (s, 1H), 3.84-4.01 (m, 2H), 4.33 (q, J = 7.2 Hz, 2H), 4.72 (s, 1H), 6.67 (d, J =
7.6 Hz, 1H), 6.72 (dd, J = 7.6 Hz, 7.6 Hz, 1H), 6.91 (d, J= 7.6 Hz, 1H), 7.05 (dd, J= 7.6 Hz, 7.6
Hz, 1H). 3C NMR (CDCl3;, TMS, 100 MHz) & 7.6, 9.8, 14.0, 14.2, 26.466, 26.469, 26.7, 27.1,
28.0,29.2,41.3,52.3,60.2,61.7, 64.3, 72.3, 110.2, 118.8, 124.6, 127.8, 131.6, 151.0, 170.3, 172.0.
IR (neat) v 3373, 3084, 3053, 2979, 2930, 2851, 1720, 1643, 1605, 1483, 1465, 1390, 1368, 1346,
1324, 1250, 1184, 1153, 1095, 1065, 1036, 912, 860, 738 cm''. HRMS (ESI) Calcd. for
C,4H3,NO, " (M+H)* requires: 398.2326, found: 398.2327.
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diethyl-6-chloro-7b-phenyl-3,7h-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-2,2a(2 H)-
dicarboxylate 3r

0.3 mmol scale, a white solid, 86% yield (109.7 mg). M.p.: 146-147 °C. '"H NMR (CDCl;, TMS,
400 MHz) & 0.07-0.14 (m, 1H), 0.77 (t, J = 7.2 Hz, 3H), 0.84-0.90 (m, 1H), 1.04-1.11 (m, 1H),
1.15-1.25 (m, 4H), 3.57-3.66 (m, 1H), 3.71-3.80 (m, 1H), 4.08-4.20 (m, 2H), 4.51 (s, 1H), 4.97 (s,
1H), 6.56 (d, J = 1.6 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 7.07 (dd, J = 1.6 Hz, 8.4 Hz, 1H), 7.26-
7.37 (m, 3H), 7.50 (d, J= 7.6 Hz, 2H). 3C NMR (CDCl;, TMS, 100 MHz) & 7.4, 10.0, 13.5, 14.2,
29.0, 47.9, 60.2, 61.6, 66.3, 76.7, 110.9, 123.2, 124.5, 127.6, 128.0, 128.1, 129.0, 132.7, 136.6,
152.0, 169.2, 169.7. IR (neat) v 3384, 3339, 3059, 3034, 2986, 2956, 2928, 2900, 2867, 1737,
1715, 1654, 1603, 1475, 1446, 1370, 1265, 1216, 1196, 1175, 1116, 1067, 1039, 944, 865, 823,
809, 747, 713, 697, 659 cm'!. HRMS (ESI) Calcd. for Cy;HpsNO4CIP (M+H)* requires: 426.1467,
found: 426.1463.
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diethyl-6-chloro-7b-(2-chlorophenyl)-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-
cyclopropane]-2,2a(2H)-dicarboxylate 3s

0.3 mmol scale, a white solid, 79% yield (108.8 mg). M.p.: 147-149 °C. 'H NMR (CDCl;, TMS,
400 MHz) & -0.02-0.03 (m, 1H), 0.90 (t, J = 7.2 Hz, 3H), 1.09-1.28 (m, 6H), 3.96 (q, J = 7.2 Hz,
2H), 4.08-4.21 (m, 2H), 4.27 (s, 1H), 5.23 (s, 1H), 6.35 (s, 1H), 6.73 (d, J = 8.4 Hz, 1H), 7.07 (dd,
J=1.6 Hz, 8.4 Hz, 1H), 7.27-7.35 (m, 2H), 7.40 (dd, J= 7.6 Hz, 7.6 Hz, 1H), 8.29 (d, J = 7.6 Hz,
1H). 3C NMR (CDCl;, TMS, 100 MHz) 6 6.3, 9.4, 13.4, 14.2, 29.1, 50.6, 60.2, 61.7, 65.1, 76.2,
110.7,122.1, 123.2, 126.4, 127.2, 128.9, 130.1, 131.1, 133.5, 134.5, 136.1, 150.8, 169.1, 169.6. IR
(neat) v 3378, 3342, 3059, 2978, 2959, 2931, 2903, 2867, 1731, 1699, 1652, 1603, 1475, 1446,
1369, 1255, 1234, 1208, 1175, 1096, 1066, 1039, 862, 822, 809, 799, 751, 740, 713 cm!. HRMS
(ESI) Calcd. for C,4H24NO4Cl,"{(M+H)" requires: 460.1077, found: 460.1072.
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dimethyl-7b-phenyl-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-2,2a(2 H)-
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dicarboxylate 3t

0.3 mmol scale, a white solid, 93% yield (101.7 mg). M.p.: 115-116 °C. '"H NMR (CDCl;, TMS,
400 MHz) 6 0.06-0.12 (m, 1H), 0.84-0.90 (m, 1H), 1.02-1.08 (m, 1H), 1.13-1.19 (m, 1H), 3.20 (s,
3H), 3.66 (s, 3H), 4.54 (s, 1H), 4.93 (s, 1H), 6.60 (d, J= 7.2 Hz, 1H), 6.72 (dd, /= 7.2 Hz, 7.2 Hz,
1H), 6.81 (d, /= 8.0 Hz, 1H), 7.01-7.14 (m, 1H), 7.24-7.29 (m, 1H), 7.31-7.36 (m, 2H), 7.49-7.52
(m, 2H). 3C NMR (CDCl3, TMS, 100 MHz) & 7.5, 10.2, 28.9, 47.7, 51.3, 52.1, 66.7, 76.3, 110.2,
118.8, 124.6, 127.4, 127.9, 128.3, 129.0, 130.6, 137.2, 153.3, 169.8, 170.3. IR (neat) v 3375, 3358,
3081, 3056, 3034, 2989, 2953, 2920, 2842, 1737, 1716, 1605, 1485, 1469, 1435, 1357, 1318, 1285,
1263, 1197, 1185,1158, 1063, 1040, 1021, 963, 871, 812, 750, 738, 717, 701 cm''. HRMS (ESI)
Calcd. for CopHp,NO4 {(M+H)' requires: 364.1543, found: 364.1541.
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di-tert-butyl-7b-phenyl-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-2,2a(2 H)-
dicarboxylate 3u

0.3 mmol scale, a white solid, 64% yield (85.9 mg). M.p.: 150-153 °C. '"H NMR (CDCl;, TMS,
400 MHz) 6 -0.04-0.02 (m, 1H), 0.77-0.83 (m, 1H), 0.95-1.01 (m, 1H), 1.03 (s, 9H), 1.31-1.37 (m,
1H), 1.43 (s, 9H), 4.36 (s, 1H), 4.88 (s, 1H), 6.58 (d, J = 8.0 Hz, 1H), 6.70 (dd, J= 7.6 Hz, 7.6 Hz,
1H), 6.83 (d, /= 8.0 Hz, 1H), 7.08-7.12 (m, 1H), 7.25-7.30 (m, 1H), 7.32-7.37 (m, 2H), 7.52-7.55
(m, 2H). *C NMR (CDCl;, TMS, 100 MHz) & 6.8, 9.8, 27.2, 28.3, 29.0, 49.1, 66.2, 77.1, 80.7,
81.6,110.4, 118.6, 124.6, 127.1, 128.0, 129.6, 131.0, 137.8, 153.7, 169.0, 169.3. IR (neat) v 3368,
3084, 3053, 3003, 2979, 2932, 2914, 2900, 2873, 1729, 1605, 1483, 1465, 1392, 1367, 1323, 1284,
1260, 1216, 1202, 1157, 1096, 1070, 1027, 969, 947, 845, 813, 744, 710 cm™!. HRMS (ESI) Calcd.
for CogH3u,NO, {(M+H)" requires: 448.2482, found: 448.2479.
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N?,N?27b-triphenyl-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-2,2a(2H)-
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dicarboxamide 3v

0.3 mmol scale, a white solid, 35% yield (50.9 mg). M.p.: 209-212 °C. '"H NMR (CDCl;, TMS,
400 MHz) 6 0.22-0.29 (m, 1H), 0.69-0.75 (m, 1H), 0.96-1.02 (m, 1H), 1.05-1.12 (m, 1H), 4.93 (s,
1H), 6.56 (s, 1H), 6.68 (d, J = 6.8 Hz, 1H), 6.86 (dd, J = 7.2 Hz, 7.2 Hz, 1H), 6.99-7.07 (m, 6H),
7.11-7.23 (m, 9H), 7.55 (d, J = 7.6 Hz, 2H), 8.18 (s, 1H), 8.86 (s, 1H). 3C NMR (CDCl;, TMS,
100 MHz) 5 9.2, 11.9, 31.6, 45.9, 67.1, 73.7, 112.8, 120.1, 120.7, 120.9, 124.1, 124.8, 125.1,
127.6, 128.0, 128.6, 128.69, 128.72, 129.2, 133.6, 136.6, 136.8, 137.4, 152.2, 168.4, 169.2. IR
(neat) v 3307, 3258, 3197, 3142, 3060, 3022, 2998, 2956, 2923, 2859, 1655, 1599, 1544, 1525,
1498, 1483, 1466, 1442, 1374, 1309, 1261, 1186, 1152, 1103, 1080, 1018, 976, 963, 918, 898, 878,
832, 799, 749, 690 cm™'. HRMS (ESI) Calcd. for C3,H,sN30," (M+H)* requires: 486.2176, found:
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H
ethyl-7b-phenyl-2a-(trifluoromethyl)-2,24,3,7b-tetrahydrospiro[cyclobuta[b]indole-1,1'-

cyclopropane]-2-carboxylate 3y

0.3 mmol scale, a white solid, 93% yield (108.0 mg). M.p.: 120-123 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 0.05-0.11 (m, 1H), 0.72-0.78 (m, 1H), 0.86-0.92 (m, 1H), 1.05-1.12 (m, 1H), 1.24 (t,
J=17.2 Hz, 3H), 4.15 (s, 1H), 4.16 (q, J = 7.2 Hz, 2H), 5.47 (s, 1H), 6.59 (d, /= 7.2 Hz, 1H), 6.70
(dd, J=7.2 Hz, 7.2 Hz, 1H), 6.78 (d, /= 7.6 Hz, 1H), 7.11 (d, /= 7.6 Hz, 1H), 7.30-7.39 (m, 3H),
7.63 (d, J = 7.2 Hz, 2H). 3C NMR (CDCl;, TMS, 100 MHz) & 8.3, 10.3, 14.2, 30.6, 46.1, 60.7,
63.4, 70.6 (q, J = 29.0 Hz), 109.9, 118.8, 123.3 (q, J = 280.7 Hz), 124.4, 127.8, 128.0, 128.5,
130.0, 131.7, 135.0, 151.6, 169.2. °F NMR (CDCl;, CFCl;, 376 MHz) 6 -76.5. IR (neat) v 3402,
3328, 3089, 3059, 3034, 2998, 2976, 2934, 2920, 2853, 1719, 1610, 1497, 1484, 1466, 1449, 1390,
1374, 1328, 1301, 1267, 1206, 1178, 1143, 1093, 1038, 1023, 960, 949, 934, 921, 896, 860, 818,
795, 759, 743, 716, 702, 661 cm!. HRMS (ESI) Calcd. for C,,H, NO,F;*'(M+H)*" requires:
388.1519, found: 388.1516.

549



Ko
Fro
H\-b_

Fuez

4.0

4.5

9¥9 08—

160 "9F—

124 °09~
80k "E9~

461 0L
Lk 0L
8L 0L

eI A
28994
000 .\L_.W
61E LA

906 601 —
0SL°811
S:.m:k

PGSTIS1—

0bZ 691—

40

90

T
180

T
190

T
200

£1 (ppm)

S50



541

76.

& Ph_/\(‘
E S\ A~COOEt
F N ’CF}
H

T T T T T T T T T T T T T T . . . . . . . . . T T T T T
=15 =25 =35 —45 =b5 —65 =75 -85 =95 -105 -115 =125 =136 -145
£1 (ppm)

7. Characterization and spectra charts for 4.

ethyl-(E)-1-(2-ethoxy-2-oxoethylidene)-85-phenyl-2,3,4,8h-tetrahydrocyclopenta|b]indole-
3a(1H)-carboxylate 4a

0.3 mmol scale, a light yellow gem, 75% yield (87.9 mg). 'H NMR (CDCl;, TMS, 400 MHz) &
0.84 (t, J=7.2 Hz, 3H), 1.25 (t, J= 7.2 Hz, 3H), 2.04-2.14 (m, 1H), 2.61-2.69 (m, 1H), 3.09-3.19
(m, 1H), 3.38-3.46 (m, 1H), 3.54-3.63 (m, 1H), 3.67-3.76 (m, 1H), 4.14 (q, J = 7.2 Hz, 2H), 4.61
(s, 1H), 5.85 (t, J=2.4 Hz, 1H), 6.80 (d, /= 7.6 Hz, 1H), 6.84 (dd, J= 7.6 Hz, 7.6 Hz, 1H), 7.01-
7.07 (m, 3H), 7.16 (dd, J= 7.6 Hz, 7.6 Hz, 1H), 7.21-7.26 (m, 3H). *C NMR (CDCl;, TMS, 100
MHz) 6 13.4, 14.2, 32.1, 35.6, 59.8, 61.3, 73.3, 83.3, 111.0, 115.9, 120.4, 125.0, 127.2, 127.7,
128.9, 129.2, 132.4, 141.1, 150.2, 166.7, 171.1, 172.8. IR (neat) v 3362, 3086, 3053, 2978, 2955,
2928, 2900, 2870, 2850, 1709, 1647, 1603, 1483, 1466, 1446, 1391, 1368, 1346, 1255, 1231, 1205,
1163, 1097, 1069, 1037, 931, 862, 795, 747, 699 cm'!. HRMS (ESI) Calcd. for

S51



Cy4sHysNO4{(M+H)" requires: 392.1856, found: 392.1856.
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ethyl-(E)-1-(2-ethoxy-2-oxoethylidene)-85-(2-methoxyphenyl)-2,3,4,8b-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4b

0.3 mmol scale, a white solid, 90% yield (113.7 mg). M.p.: 50-52 °C. 'H NMR (CDCl3, TMS, 400
MHz) 6 0.76 (t, J = 7.2 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H), 2.05-2.11 (m, 1H), 2.87-2.97 (m, 2H),
3.43-3.52 (m, 1H), 3.61-3.67 (m, SH), 4.08 (q, J = 7.2 Hz, 2H), 4.54 (s, 1H), 5.63 (s, 1H), 6.70 (d,
J = 8.0 Hz, 1H), 6.78-6.86 (m, 3H), 7.04-7.15 (m, 3H), 7.20-7.26 (m, 1H). 3*C NMR (CDCls,
TMS, 100 MHz) 6 13.4, 14.2, 31.9, 36.6, 54.9, 59.4, 61.1, 71.4, 82.7, 110.0, 112.1, 119.5, 120.0,
125.7,128.4,128.9, 130.0, 130.7, 131.1, 150.5, 157.9, 167.2, 173.0, 174.0. IR (neat) v 3365, 3053,
2979, 2936, 2898, 2873, 2834, 1706, 1646, 1599, 1486, 1466, 1390, 1368, 1346, 1282, 1248, 1227,
1203, 1161, 1115, 1069, 1023, 930, 898, 857, 791, 748 cm’'. HRMS (ESI) Calcd. for
C,sHysNOs ™ (M+H)" requires: 422.1962, found: 422.1960.
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ethyl-(E)-1-(2-ethoxy-2-oxoethylidene)-85-(m-tolyl)-2,3,4,8b-tetrahydrocyclopenta[b]indole-
3a(1H)-carboxylate 4¢

0.3 mmol scale, a faint yellow oil, 66% yield (79.6 mg). '"H NMR (CDCl;, TMS, 400 MHz) $ 0.84
(t, J=7.2 Hz, 3H), 1.25 (t, J = 7.2 Hz, 3H), 2.04-2.12 (m, 1H), 2.26 (s, 3H), 2.60-2.69 (m, 1H),
3.08-3.17 (m, 1H), 3.39-3.48 (m, 1H), 3.53-3.62 (m, 1H), 3.68-3.77 (m, 1H), 4.14 (q, J = 7.2 Hz,
2H), 4.58 (s, 1H), 5.85 (t, J = 2.4 Hz, 1H), 6.78-6.86 (m, 4H), 7.00-7.04 (m, 2H), 7.09-7.18 (m,
2H). 3C NMR (CDCl;, TMS, 100 MHz) 6 13.4, 14.2, 21.4, 32.1, 35.5, 59.8, 61.3, 73.3, 83.3,
111.0, 115.9, 120.4, 125.0, 126.4, 127.6, 127.9, 128.8, 129.7, 132.5, 137.1, 141.1, 150.2, 166.8,
171.2, 172.8. IR (neat) v 3359, 3053, 3036, 2978, 2928, 2898, 2870, 1709, 1647, 1603, 1484, 1466,
1391, 1368, 1345, 1259, 1210, 1188, 1158, 1115, 1095, 1069, 1039, 991, 864, 780, 722, 701 cm’!.
HRMS (ESI) Calcd. for CosHpsNO4 {(M+H)" requires: 406.2013, found: 406.2015.
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ethyl-(E)-1-(2-ethoxy-2-oxoethylidene)-8b-(p-tolyl)-2,3,4,8b-tetrahydrocyclopenta[b]indole-
3a(1H)-carboxylate 4d

0.3 mmol scale, a faint yellow solid, 70% yield (85.3 mg). M.p.: 131-134 °C. 'H NMR (CDCls,
TMS, 400 MHz) 6 0.86 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.2 Hz, 3H), 2.05-2.12 (m, 1H), 2.29 (s,
3H), 2.59-2.68 (m, 1H), 3.07-3.17 (m, 1H), 3.43-3.52 (m, 1H), 3.53-3.62 (m, 1H), 3.69-3.78 (m,
1H), 4.14 (q, J = 7.2 Hz, 2H), 4.59 (s, 1H), 5.85 (t, /= 2.4 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.83
(dd, J=7.6 Hz, 7.6 Hz, 1H), 6.93 (d, J = 8.0 Hz, 2H), 7.01-7.18 (m, 3H), 7.15 (dd, J= 7.6 Hz, 7.6
Hz, 1H). 3C NMR (CDCl;, TMS, 100 MHz) 6 13.4, 14.2, 20.9, 32.1, 35.5, 59.8, 61.3, 73.1, 83.2,
111.0, 115.7, 120.4, 124.9, 128.3, 128.8, 129.1, 132.6, 136.8, 138.1, 150.2, 166.7, 171.2, 172.8. IR
(neat) v 3378, 3321, 3053, 3025, 2953, 2939, 2923, 2900, 2867, 1722, 1698, 1648, 1603, 1484,
1470, 1370, 1346, 1285, 1274, 1258, 1236, 1217, 1185, 1165, 1150, 1113, 1070, 1041, 1022, 1011,
861, 811, 792, 757, 745, 740, 723, 666, 655 cm™'. HRMS (ESI) Calcd. for C,sHosNO,"'(M+H)*
requires: 406.2013, found: 406.2014.
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ethyl-(E)-8b-(4-bromophenyl)-1-(2-ethoxy-2-oxoethylidene)-2,3,4,85-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4e

0.3 mmol scale, a yellow solid, 66% yield (92.9 mg). M.p.: 106-108 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 0.90 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.07-2.14 (m, 1H), 2.58-2.66 (m,
1H), 3.08-3.18 (m, 1H), 3.48-3.61 (m, 2H), 3.73-3.82 (m, 1H), 4.15 (q, J = 7.2 Hz, 2H), 4.59 (s,
1H), 5.82 (t, /= 2.4 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.85 (dd, /= 8.0 Hz, 8.0 Hz, 1H), 6.93 (d, J
= 8.0 Hz, 2H), 6.99 (d, /= 8.0 Hz, 1H), 7.18 (dd, /= 8.0 Hz, 8.0 Hz, 1H), 7.36 (d, /= 8.0 Hz, 2H).
3C NMR (CDCl;, TMS, 100 MHz) & 13.5, 14.2, 32.1, 35.8, 60.0, 61.6, 72.8, 83.1, 111.2, 116.0,
120.6, 121.5, 124.8, 129.2, 130.8, 131.1, 131.8, 140.3, 150.1, 166.6, 170.4, 172.6. IR (neat) v 3320,
2978, 2960, 2922, 2870, 2850, 1723, 1698, 1650, 1601, 1483, 1468, 1392, 1369, 1344, 1312, 1285,
1257, 1165, 1095, 1070, 1037, 1011, 859, 815, 739, 721, 712, 702, 662 cm™!. HRMS (ESI) Calcd.
for Cy4HpsNO4Br{(M+H)" requires: 470.0961, found: 470.0954.
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ethyl-(E)-8b-(4-chlorophenyl)-1-(2-ethoxy-2-oxoethylidene)-2,3,4,85-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4f

0.3 mmol scale, a yellow solid, 70% yield (89.8 mg). M.p.: 104-106 °C. '"H NMR (CDCl;, TMS,
400 MHz) ¢ 0.90 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.06-2.14 (m, 1H), 2.58-2.66 (m,
1H), 3.08-3.18 (m, 1H), 3.48-3.61 (m, 2H), 3.73-3.81 (m, 1H), 4.15 (q, J = 7.2 Hz, 2H), 4.60 (s,
1H), 5.82 (t,J=2.4 Hz, 1H), 6.80 (d, /= 8.0 Hz, 1H), 6.84 (dd, /= 7.6 Hz, 7.6 Hz, 1H), 6.98-7.01
(m, 3H), 7.15-7.22 (m, 3H). 3C NMR (CDCl;, TMS, 100 MHz) & 13.5, 14.2, 32.1, 35.8, 60.0,
61.5,72.7,83.1, 111.1, 116.0, 120.6, 124.8, 127.8, 129.1, 130.7, 131.9, 133.2, 139.7, 150.0, 166.5,
170.5, 172.6. IR (neat) v 3364, 3050, 2975, 2950, 2931, 2895, 2853, 1721, 1701, 1651, 1603, 1482,
1468, 1367, 1286, 1257, 1232, 1209, 1184, 1162, 1092, 1072, 1037, 1014, 858, 822, 740 cm’!.
HRMS (ESI) Calcd. for Co4HysNO4CIT{(M+H)" requires: 426.1467, found: 426.1463.
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ethyl-(E)-1-(2-ethoxy-2-oxoethylidene)-85-(4-fluorophenyl)-2,3,4,8b-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4g

0.3 mmol scale, a yellow solid, 77% yield (94.8 mg). M.p.: 49-52 °C. 'H NMR (CDCl;, TMS, 400
MHz) 6 0.90 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.06-2.14 (m, 1H), 2.58-2.67 (m, 1H),
3.08-3.18 (m, 1H), 3.47-3.62 (m, 2H), 3.72-3.81 (m, 1H), 4.15 (q, J = 7.2 Hz, 2H), 4.59 (s, 1H),
5.83 (t,J=2.4 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.82-6.87 (m, 1H), 6.89-6.95 (m, 2H), 6.99-7.05
(m, 3H), 7.15-7.20 (m, 1H). 3C NMR (CDCl;, TMS, 100 MHz) & 13.6, 14.2, 32.1, 35.8, 60.0,
61.4,72.7,83.1, 111.1, 114.5 (d, J = 21.1 Hz), 115.9, 120.6, 124.9, 129.1, 131.0 (d, J = 7.9 Hz),
132.2,137.0 (d, J = 3.4 Hz), 150.0, 161.9 (d, J = 245.7 Hz), 166.6, 170.8, 172.6. °F NMR (CDCls,
CFCl;,376 MHz) & -115.28- -115.21 (m). IR (neat) v 3394, 3361, 3050, 2981, 2936, 2903, 2873,
1711, 1650, 1603, 1506, 1482, 1465, 1369, 1256, 1227, 1161, 1116, 1096, 1068, 1039, 1028, 862,
827, 813, 751, 742 cm'. HRMS (ESI) Calcd. for C,4H,sNOF*{(M+H)* requires: 410.1762, found:
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ethyl-(E)-1-(2-ethoxy-2-oxoethylidene)-85-(4-(trifluoromethyl)phenyl)-2,3,4,8b-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4h

0.3 mmol scale, a faint yellow solid, 85% yield (117.0 mg). M.p.: 42-45 °C. '"H NMR (CDCls,
TMS, 400 MHz) & 0.82 (t, J= 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 2.10-2.17 (m, 1H), 2.59-2.68
(m, 1H), 3.11-3.22 (m, 1H), 3.41-3.50 (m, 1H), 3.56-3.65 (m, 1H), 3.69-3.78 (m, 1H), 4.16 (q, J =
7.2 Hz, 2H), 4.63 (s, 1H), 5.82 (t, J = 2.4 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 6.83-6.88 (m, 1H),
7.00 (d, J= 6.8 Hz, 1H), 7.17-7.23 (m, 3H), 7.51 (d, J= 8.4 Hz, 2H). 13C NMR (CDCl;, TMS, 100
MHz) 6 13.4, 14.2, 32.1, 35.9, 60.0, 61.5, 72.9, 83.4, 111.2, 116.2, 120.7, 123.9 (q, J = 270.8 Hz),
124.6 (q, J = 3.8 Hz), 124.8, 129.3, 129.4 (q, J = 32.2 Hz), 129.7, 131.6, 145.3 (q, J = 1.4 Hz),
150.1, 166.5, 170.1, 172.5. F NMR (CDCl;, CFCl; 376 MHz) § -62.6. IR (neat) v 3397, 3053,
2992, 2956, 2920, 2900, 2853, 1712, 1651, 1607, 1482, 1468, 1407, 1368, 1323, 1257, 1209, 1162,
1116, 1068, 1036, 1016, 862, 829, 741, 688 cm'. HRMS (ESI) Calcd. for C,sHysNO4F3* !/ (M+H)"
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ethyl-(E)-8b-([1,1'-biphenyl]-4-yl)-1-(2-ethoxy-2-oxoethylidene)-2,3,4,8b-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4i

0.3 mmol scale, a yellow solid, 83% yield (116.3 mg). M.p.: 165-168 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 0.82 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.09-2.16 (m, 1H), 2.63-2.72 (m,
1H), 3.11-3.21 (m, 1H), 3.43-3.52 (m, 1H), 3.57-3.66 (m, 1H), 3.70-3.78 (m, 1H), 4.16 (q, J= 7.2
Hz, 2H), 4.61 (s, 1H), 5.90 (t, /= 2.4 Hz, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.86 (dd, J= 7.6 Hz, 7.6
Hz, 1H), 7.07 (d, J = 7.6 Hz, 1H), 7.12-7.21 (m, 3H), 7.31-7.36 (m, 1H), 7.40-7.48 (m, 4H), 7.54
(d, J=17.6 Hz, 2H). 3C NMR (CDCl3;, TMS, 100 MHz) 5 13.5, 14.2, 32.2, 35.7, 59.9, 61.5, 73.1,
83.4, 111.1, 116.0, 120.5, 125.0, 126.4, 126.9, 127.3, 128.7, 129.0, 129.7, 132.4, 140.0, 140.3,
140.5, 150.2, 166.7, 171.0, 172.8. IR (neat) v 3383, 3053, 3031, 2981, 2961, 2936, 2923, 2898,
2870, 2848, 1721, 1706, 1648, 1599, 1485, 1468, 1367, 1256, 1214, 1201, 1176, 1166, 1135, 1112,
1068, 1036, 1008, 871, 830, 768, 756, 728, 701, 659 cm''. HRMS (ESI) Calcd. for
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ethyl-(E)-8b-(4-(benzyloxy)phenyl)-1-(2-ethoxy-2-oxoethylidene)-2,3,4,8b-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4

0.3 mmol scale, a yellow solid, 68% yield (101.4 mg). M.p.: 49-52 °C. 'H NMR (CDCl;, TMS,
400 MHz) ¢ 0.86 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.04-2.11 (m, 1H), 2.58-2.67 (m,
1H), 3.01-3.16 (m, 1H), 3.40-3.49 (m, 1H), 3.51-3.60 (m, 1H), 3.68-3.77 (m, 1H), 4.14 (q, J= 7.2
Hz, 2H), 4.56 (s, 1H), 5.02 (s, 2H), 5.86 (t, J = 2.4 Hz, 1H), 6.77-6.86 (m, 4H), 6.95 (d, /= 8.8 Hz,
2H), 7.02 (d, J= 7.2 Hz, 1H), 7.13-7.18 (m, 1H), 7.28-7.41 (m, 5H). 3*C NMR (CDCl;, TMS, 100
MHz) 6 13.6, 14.2, 32.1, 35.7, 59.9, 61.3, 69.8, 72.9, 83.1, 111.1, 114.0, 115.7, 120.5, 125.0,
127.3, 127.9, 128.5, 128.9, 130.4, 132.6, 133.5, 136.8, 150.1, 157.8, 166.8, 171.2, 172.8. IR (neat)
v 3383, 3028, 2980, 2936, 2901, 1722, 1706, 1649, 1600, 1485, 1468, 1449, 1392, 1368, 1346,
1256, 1219, 1201, 1176, 1165, 1135, 1112, 1067, 1037, 1009, 871, 829, 793, 768, 756, 728, 701,
659 cm’'. HRMS (ESI) Calcd. for C3;H3,NOs" (M+H)* requires: 498.2275, found: 498.2275.
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ethyl-(E)-8b-(4-(tert-butyl)phenyl)-1-(2-ethoxy-2-oxoethylidene)-2,3,4,85-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4k

0.3 mmol scale, an orange solid, 75% yield (100.1 mg). M.p.: 143-145 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 0.77 (t, J = 7.2 Hz, 3H), 1.23-1.28 (m, 12H), 2.04-2.12 (m, 1H), 2.59-2.68 (m, 1H),
3.06-3.16 (m, 1H), 3.32-3.41 (m, 1H), 3.54-3.64 (m, 1H), 3.65-3.74 (m, 1H), 4.14 (q, J = 7.2 Hz,
2H), 4.58 (s, 1H), 5.87 (t,J = 2.4 Hz, 1H), 6.79 (d, J= 7.6 Hz, 1H), 6.83 (dd, /= 7.6 Hz, 7.6 Hz,
1H), 6.97 (d, J = 8.4 Hz, 2H), 7.03 (d, /= 7.6 Hz, 1H), 7,16 (dd, /= 7.6 Hz, 7.6 Hz, 1H), 7.24 (d,
J=8.4 Hz, 2H). 3C NMR (CDCl;, TMS, 100 MHz) & 13.5, 14.2, 31.2, 32.1, 34.3, 35.5, 59.8, 61.3,
73.1, 83.3, 110.9, 115.7, 120.4, 124.6, 125.0, 128.8, 128.9, 132.6, 138.1, 149.9, 150.3, 166.8,
171.2, 173.0. IR (neat) v 3336, 3081, 3050, 3034, 2956, 2931, 2898, 2864, 1731, 1700, 1654, 1602,
1485, 1471, 1369, 1255, 1218, 1175, 1112, 1096, 1066, 1038, 862, 822, 739 cm™'. HRMS (ESI)
Calcd. for CogH3,NO4 I{(M+H)* requires: 448.2482, found: 448.2484.
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compounds 41 and 41’

0.3 mmol scale, a brown solid, 51% yield (67.5 mg), dr = 3:2, inseparable (atropisomers). M.p.:
47-68 °C. '"H NMR (CDCl;, TMS, 400 MHz) 6 0.23 (t, J = 7.2 Hz, 3H), 0.31 (t, J = 7.2 Hz, 2H),
1.19 (t, J= 7.2 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H), 2.16-2.26 (m, 1.59H), 2.50-2.63 (m, 2H), 2.93-
3.02 (m, 0.55H), 3.07-3.41 (m, 4.10H), 3.60-3.68 (m, 1H), 4.68 (s, 0.37H), 4.98 (s, 1H), 5.68 (t, J
= 2.4 Hz, 0.52H), 5.86 (t, J = 2.4 Hz, 1H), 6.80 (dd, /= 7.2 Hz, 7.2 Hz, 1H), 6.74 (t, J = 7.2 Hz,
1H), 6.83-6.96 (m, 2.39H), 7.02-7.21 (m, 4.93H), 7.28-7.33 (m, 1.52H), 7.36-7.48 (m, 2.60H),
7.50-7.53 (m, 1H). *C NMR (CDCl;, TMS, 100 MHz) & 12.5, 12.7, 14.2, 14.3, 31.5, 31.7, 35.9,
37.7,59.8,59.9,61.2,61.4,73.1, 74.7, 82.4, 83.1, 110.7, 111.7, 114.0, 117.9, 120.1, 120.8, 124.0,
124.4, 124.60, 124.68, 124.74, 124.96, 125.02, 126.5, 126.6, 127.9, 128.3, 128.84, 128.87, 128.90,
128.99, 129.02, 129.7, 130.6, 131.3, 132.4, 133.0, 134.1, 134.6, 134.7, 136.3, 137.2, 148.7, 149.9,
166.78, 166.84, 170.1, 172.7, 172.8, 174.7. IR (neat) v 3363, 3049, 2980, 2953, 2935, 2902, 2866,
1707, 1645, 1599, 1509, 1483, 1466, 1394, 1368, 1344, 1255, 1201, 1160, 1136, 1107, 1069, 1038,
863, 799, 775, 733, 702, 662 cm’l. HRMS (ESI) Calcd. for CsH,sNO,'(M+H)" requires:
442.2013, found: 442.2008.
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ethyl-(E)-1-(2-ethoxy-2-oxoethylidene)-8b-(furan-2-yl)-2,3,4,8b-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4m

0.3 mmol scale, a white solid, 40% yield (45.7 mg). M.p.: 83-85 °C. 'H NMR (CDCl;, TMS, 400
MHz) 6 1.05 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.07-2.14 (m, 1H), 2.61-2.69 (m, 1H),
2.96-3.07 (m, 1H), 3.51-3.60 (m, 1H), 3.72-3.81 (m, 1H), 3.94-4.03 (m, 1H), 4.15 (q, J = 7.2 Hz,
2H), 4.63 (s, 1H), 5.84 (t, J = 2.4 Hz, 1H), 6.06 (dd, J= 0.8 Hz, 3.2 Hz, 1H), 6.28 (dd, /= 1.6 Hz,
3.2 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.81-6.85 (m, 1H), 7.11 (d, J = 7.2 Hz, 1H), 7.15-7.19 (m,
1H), 7.34 (dd, J = 0.8 Hz, 1.6 Hz, 1H). 3C NMR (CDCl3, TMS, 100 MHz) 6 13.8, 14.3., 31.5,
35.8, 60.0, 61.9, 68.5, 82.1, 110.1, 110.3, 111.2, 115.6, 120.4, 124.4, 129.3, 130.4, 142.8, 149.9,
153.5, 166.6, 167.8, 173.0. IR (neat) v 3362, 3136, 3117, 3050, 2979, 2925, 2903, 2870, 2850,
1707, 1651, 1605, 1483, 1467, 1391, 1369, 1346, 1243, 1220, 1206, 1171, 1154, 1114, 1099, 1071,
1040, 1015, 954, 858, 811, 746 cm''. HRMS (ESI) Caled. for Cy,HyNOs*{(M+H)" requires:
382.1649, found: 382.1649.
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ethyl-(E)-1-(2-ethoxy-2-oxoethylidene)-8b-(thiophen-2-yl)-2,3,4,8b-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4n

0.3 mmol scale, a yellow solid, 40% yield (63.5 mg). M.p.: 134-137 °C. 'TH NMR (CDCl;, TMS,
400 MHz) ¢ 1.01 (t, J = 7.2 Hz, 3H), 1.28 (t, J = 7.2 Hz, 3H), 2.04-2.14 (m, 1H), 2.62-2.69 (m,
1H), 3.04-3.15 (m, 1H), 3.49-3.59 (m, 1H), 3.63-3.72 (m, 1H), 3.86-3.94 (m, 1H), 4.16 (q, J=17.2
Hz, 2H), 4.63 (s, 1H), 6.08 (t, /= 2.4 Hz, 1H), 6.67 (dd, J = 1.2 Hz, 3.6 Hz, 1H), 6.79-6.92 (m,
3H), 7.14-7.21 (m, 3H). *C NMR (CDCl;, TMS, 100 MHz) & 13.7, 14.3, 31.7, 35.7, 60.0, 61.6,
70.1, 83.3, 111.7, 116.4, 120.7, 124.9, 125.7, 126.5, 127.6, 129.5, 132.8, 145.7, 149.4, 166.6,
170.1, 172.5. IR (neat) v 3388, 3064, 2975, 2942, 2875, 1714, 1652, 1608, 1485, 1471, 1417, 1369,
1346, 1274, 1252, 1238, 1210, 1191, 1176, 1114, 1066, 1036, 1021, 936, 865, 824, 747, 699 cm’!.
HRMS (ESI) Calcd. for Co,HyyNO4ST{(M+H)* requires: 398.1421, found: 398.1418.
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ethyl-(E)-1-(2-ethoxy-2-oxoethylidene)-85-methyl-2,3,4,8b-tetrahydrocyclopenta[b]indole-
3a(1H)-carboxylate 40

0.3 mmol scale, a yellow oil, 81% yield (80.3 mg). '"H NMR (CDCl;, TMS, 400 MHz) 6 1.26 (t, J
=7.2 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H), 1.39 (s, 3H), 1.98-2.06 (m, 1H), 2.42-2.50 (m, 1H), 2.89-
3.00 (m, 1H), 3.30-3.39 (m, 1H), 4.16 (q, J = 7.2 Hz, 2H), 4.21 (q, J = 7.2 Hz, 2H), 4.61 (s, 1H),
592 (t,J=2.4 Hz, 1H), 6.68 (d, J= 7.6 Hz, 1H), 6.78 (dd, J = 7.6 Hz, 7.6 Hz, 1H), 7.05-7.09 (m,
2H). 3C NMR (CDCl;, TMS, 100 MHz) 6 14.1, 14.2, 22.4, 31.4, 35.8, 59.7, 61.4, 62.6, 80.2,
110.6, 112.4, 119.9, 122.6, 128.5, 133.2, 148.2, 166.6, 171.4, 173.3. IR (neat) v 3367, 3053, 2977,
2934, 2903, 2870, 1709, 1650, 1603, 1482, 1466, 1368, 1347, 1253, 1235, 1185, 1158, 1116, 1096,
1066, 1030, 957, 862, 744 cm™'. HRMS (ESI) Calcd. for C;oH,4NO4 {(M+H)" requires: 330.1700,
found: 330.1702.
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ethyl-(E)-8b-butyl-1-(2-ethoxy-2-oxoethylidene)-2,3,4,8b-tetrahydrocyclopenta[b]indole-
3a(1H)-carboxylate 4p

0.3 mmol scale, a yellow oil, 98% yield (109.1 mg). "H NMR (CDCl;, TMS, 400 MHz) 6 0.79 (t, J
= 7.2 Hz, 3H), 0.93-1.20 (m, 4H), 1.28 (t, /= 7.2 Hz, 3H), 1.29 (t, J= 7.2 Hz, 3H), 1.77-2.03 (m,
3H), 2.37-2.45 (m, 1H), 3.00-3.10 (m, 1H), 3.18-3.29 (m, 1H), 4.13-4.29 (m, 4H), 4.51 (s, 1H),
5.94 (t,J=2.4 Hz, 1H), 6.68 (d, J = 8.0 Hz, 1H), 6.79 (dd, J = 7.6 Hz, 7.6 Hz, 1H), 7.04-7.10 (m,
2H). 3C NMR (CDCl;3, TMS, 100 MHz) & 13.8, 14.1, 14.3, 23.3,25.9, 31.7, 37.2, 37.7, 59.8, 61 4,
66.0, 79.3, 110.6, 112.6, 119.9, 123.0, 128.4, 132.0, 148.2, 166.8, 171.5, 173.5. IR (neat) v 3367,
3047, 2953, 2934, 2906, 2867, 1709, 1647, 1604, 1482, 1466, 1368, 1251, 1220, 1206, 1153, 1096,
1066, 1038, 910, 859, 741 cm™'. HRMS (ESI) Calcd. for Cy,H30NO4 {(M+H)" requires: 372.2169,

found: 372.2168.
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ethyl-(E)-8b-cyclohexyl-1-(2-ethoxy-2-oxoethylidene)-2,3,4,8b-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4q

0.3 mmol scale, a yellow oil, 89% yield (106.2 mg). 'H NMR (CDCl;, TMS, 400 MHz) & 0.94-
1.23 (m, SH), 1.28 (t, J = 7.2 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H), 1.41-1.47 (m, 1H), 1.62-1.74 (m,
4H), 1.91-1.99 (m, 2H), 2.47-2.55 (m, 1H), 3.07-3.26 (m, 2H), 4.10-4.28 (m, 4H), 4.38 (s, 1H),
5.82 (t,J=2.4 Hz, 1H), 6.67 (d, J= 7.6 Hz, 1H), 6.80 (dd, J= 7.6 Hz, 7.6 Hz, 1H), 7.04-7.10 (m,
2H). 3C NMR (CDCl;, TMS, 100 MHz) & 13.9, 14.2, 26.5, 27.0, 27.3, 27.42, 27.43, 32.4, 36.6,
46.6, 59.7, 61.4, 71.3, 79.6, 110.5, 113.2, 119.8, 122.9, 128.1, 132.4, 148.8, 166.8, 171.5, 174.3.
IR (neat) v 3363, 3053, 2979, 2933, 2851, 1712, 1642, 1603, 1482, 1466, 1448, 1390, 1368, 1345,
1274, 1249, 1226, 1213, 1184, 1153, 1107, 1067, 1039, 912, 859, 734 cm!. HRMS (ESI) Calcd.
for C,4H3,NO, {(M+H)" requires: 398.2326, found: 398.2329.
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ethyl-(E)-7-chloro-1-(2-ethoxy-2-oxoethylidene)-85-phenyl-2,3,4,85-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4r

0.3 mmol scale, a faint yellow solid, 86% yield (110.1 mg). M.p.: 130-132 °C. 'H NMR (CDCls,
TMS, 400 MHz) 6 0.83 (t, J= 7.2 Hz, 3H), 1.28 (t, J = 7.2 Hz, 3H), 2.04-2.13 (m, 1H), 2.59-2.68
(m, 1H), 3.07-3.17 (m, 1H), 3.37-3.46 (m, 1H), 3.55-3.63 (m, 1H), 3.67-3.76 (m, 1H), 4.16 (q, J =
7.2 Hz, 2H), 4.59 (s, 1H), 5.82 (t, J= 2.4 Hz, 1H), 6.71 (d, J = 8.4 Hz, 1H), 6.98 (s, 1H), 7.04-7.07
(m, 2H), 7.12 (d, J = 8.4 Hz, 1H), 7.24-7.27 (m, 3H). 3C NMR (CDCl;, TMS, 100 MHz) & 13.5,
14.2, 32.0, 35.3, 60.0, 61.5, 73.1, 83.9, 111.7, 116.3, 124.85, 124.94, 127.4, 127.9, 128.8, 129.1,
134.2, 140.4, 148.9, 166.6, 170.3, 172.5. IR (neat) v 3364, 3342, 3056, 3036, 2978, 2953, 2931,
2895, 2859, 1729, 1699, 1650, 1603, 1477, 1447, 1368, 1344, 1252, 1233, 1207, 1174, 1163, 1095,
1068, 1039, 877, 858, 799, 752, 738, 713, 703, 659 cm!. HRMS (ESI) Calcd. for
Cy4HsNOLCIT{(M+H)* requires: 426.1467, found: 426.1462.
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compounds 4s and 4s’

0.3 mmol scale, a faint yellow solid, 88% yield (121.2 mg), dr = 3:1, inseparable atropisomers.
M.p.: 66-68 °C. 'TH NMR (CDCl;, TMS, 400 MHz) & 0.83 (t, /= 7.2 Hz, 4H), 1.26 (t,J= 7.2 Hz,
4H), 2.09-2.18 (m, 1.32H), 2.36-2.45 (m, 0.29H), 2.83-2.93 (m, 1H), 3.05-3.14 (m, 1.31H), 3.38-
3.46 (m, 1H), 3.50-3.58 (m, 0.35H), 3.67-3.79 (m, 2.33H), 3.87-3.94 (m, 0.34H), 4.14 (q, J=7.2
Hz, 2.65H), 4.61 (s, 1H), 5.03 (s, 0.24H), 5.73 (s, 1H), 5.77 (s, 0.26H), 6.65 (d, /= 8.4 Hz, 1.27H),
6.83 (s, 0.26H), 6.94 (s, 1H), 7.07-7.30 (m, 5.24H), 7.35-7.41 (m, 1.32H). *C NMR (CDCl;, TMS,
100 MHz) 6 13.2, 13.3, 14.2, 31.2, 31.9, 37.2, 37.6, 59.9, 60.1, 61.7, 61.9, 71.9, 73.1, 82.8, 83.7,
111.2,113.4,118.1, 123.4, 124.5, 125.6, 126.3, 126.4, 128.0, 128.88, 128.96, 128.98, 131.4, 131.6,
132.6, 132.7, 133.3, 134.3, 135.1, 135.8, 136.9, 138.1, 147.9, 149.0, 166.4, 166.7, 169.4, 170.4,
172.5, 173.5. IR (neat) v 3365, 3059, 2981, 2953, 2935, 2902, 2868, 1705, 1648, 1600, 1480, 1432,
1391, 1368, 1346, 1291, 1255, 1205, 1166, 1119, 1071, 1042, 943, 919, 861, 808, 755, 734, 696
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cm'. HRMS (ESI) Calcd. for C,4H,4sNO4Cl,"'(M+H)* requires: 460.1077, found: 460.1077.
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methyl-(E)-1-(2-methoxy-2-oxoethylidene)-8b-phenyl-2,3,4,8b-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4t

0.3 mmol scale, a light yellow solid, 71% yield (77.2 mg). M.p.: 51-53 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 2.06-2.14 (m, 1H), 2.60-2.69 (m, 1H), 3.09-3.19 (m, 1H), 3.15 (s, 3H), 3.54-3.63 (m,
1H), 3.68 (s, 3H), 4.58 (s, 1H), 5.87 (t, /=2.4 Hz, 1H), 6.79 (d, /= 7.6 Hz, 1H), 6.84 (dd, J=7.6
Hz, 7.6 Hz, 1H), 7.01-7.05 (m, 3H), 7.14-7.26 (m, 4H). 13C NMR (CDCl;, TMS, 100 MHz) & 32.1,
35.4, 51.0, 51.9, 73.5, 83.4, 111.0, 115.4, 120.5, 124.9, 127.2, 127.7, 128.9, 129.0, 132.1, 140.9,
150.1, 167.0, 171.2, 173.0. IR (neat) v 3383, 3358, 3084, 3053, 3031, 2984, 2948, 2920, 2845,
1736, 1717, 1646, 1604, 1484, 1468, 1435, 1357, 1284, 1261, 1207, 1186, 1164, 1066, 1039, 1021,
966, 863, 813, 750, 737, 717, 700 cm™'. HRMS (ESI) Calcd. for Cy,H;pNO4''(M+H)" requires:
364.1543, found: 364.1541.
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tert-butyl-(E)-1-(2-(tert-butoxy)-2-oxoethylidene)-85-phenyl-2,3,4,8b-
tetrahydrocyclopenta[b]indole-3a(1H)-carboxylate 4u

0.3 mmol scale, a light yellow solid, 47% yield (63.2 mg). M.p.: 177-179 °C. 'H NMR (CDCls,
TMS, 400 MHz) 6 1.02 (s, 9H), 1.46 (s, 9H), 2.03-2.11 (m, 1H), 2.54-2.63 (m, 1H), 3.03-3.13 (m,
1H), 3.45-3.55 (m, 1H), 4.64 (s, 1H), 5.75(t, J = 2.4 Hz, 1H), 6.78-6.86 (m, 2H), 7.02 (d, J = 7.6
Hz, 1H), 7.10-7.18 (m, 3H), 7.20-7.26 (m, 3H). 3C NMR (CDCl;, TMS, 100 MHz) & 27.3, 28.3,
31.8, 36.8, 72.7, 79.9, 81.9, 83.1, 111.1, 117.7, 120.4, 125.2, 127.0, 127.8, 128.7, 129.8, 133.3,
141.7, 150.2, 166.3, 169.8, 171.9. IR (neat) v 3336, 3086, 3059, 3003, 2979, 2953, 2931, 1716,
1691, 1654, 1605, 1488, 1473, 1453, 1391, 1364, 1303, 1284, 1266, 1254, 1229, 1151, 1116, 1101,
1068, 1038, 1002, 857, 847, 826, 763, 747, 733, 700, 659 cm-'. HRMS (ESI) Calcd. for
CysH3,NO, " (M+H)* requires: 448.2482, found: 448.2480.
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ethyl-(E)-2-(8b-phenyl-3a-(trifluoromethyl)-3,3a,4,8b-tetrahydrocyclopenta|b]indol-1(2 H)-
ylidene)acetate 4y

0.3 mmol scale, a white solid, 67% yield (77.8 mg). M.p.: 54-57 °C. 'H NMR (CDCl;, TMS, 400
MHz) 6 1.23 (t, J = 7.2 Hz, 3H), 2.16-2.23 (m, 1H), 2.38-2.47 (m, 1H), 3.06-3.17 (m, 1H), 3.57-
3.65 (m, 1H), 4.11 (q, J = 7.2 Hz, 2H), 4.25 (s, 1H), 5.74 (t, J = 2.4 Hz, 1H), 6.69 (d, J = 8.0 Hz,
1H), 6.81-6.86 (m, 1H), 7.11 (d, J = 7.6 Hz, 1H), 7.13-7.18 (m, 1H), 7.21-7.24 (m, 2H), 7.27-7.31
(m, 3H). 3C NMR (CDCl3;, TMS, 100 MHz) & 14.2, 30.7, 31.6, 60.0, 69.9, 80.7 (q, J = 25.7 Hz),
109.2, 116.5,119.9, 125.0, 125.8 (q, J = 282.8 Hz), 127.3, 127.7, 127.8, 128.9, 130.1, 131.8, 139.0,
148.7, 166.7, 172.0. 'F NMR (CDCl;, CFCl; 376 MHz) & -74.6. IR (neat) v 3347, 3056, 3025,
2972, 2936, 2895, 1698, 1648, 1606, 1481, 1454, 1418, 1371, 1347, 1291, 1270, 1222, 1189, 1163,
1150, 1122, 1110, 1072, 1041, 990, 927, 878, 804, 750, 723, 700 cm™!. HRMS (ESI) Calcd. for
CyoHy(NO,F3 I (M+H)" requires: 388.1519, found: 388.1517.

0. 000

Y

3

.99

1

0.95-x

e | 1.01]
U|<

=

T T T T . T T T T T T
0.0 9.5 9.0 8.5 8.0 7.:b 7.0 65 6.0 5.5 5.0 4.5 0
£1 (ppm)

S85



205

59, 967

— 166. 664
148. 705

_~31. 640
~-30. 736
—14.

| =SS\ |

COOEt
’

==

Ph,

o

- : : - - : ; ; - - ;
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

74.642

T T T T T T T T T T

T
920 70 50 30 10 -10

T T T T T

-50 -70 -90 -110
£1 (ppm)

T T B e BN L B o S e S pe e e s s E S B
=30 -130 -150 -170 -190 -210 -230 -250 -270 -29

8. General procedure for the synthesis of 5-10, 3A1*, 3A2%, 11*, 4A1*, 4A2*, and 8* and their

characterization and spectra charts
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To a solution of 4a (1.2 mmol, 1.0 equiv.) and LiOH (6.0 mmol, 5.0 equiv.) in MeOH (30 mL)
was refluxed for 5 hours at 80 °C under argon. The solvent was removed under vacuum and the
residue was purified by a silica gel column chromatography (PE/EA = 8/1) to give the desired

product 5 as a brown solid.

2-(-3a-(ethoxycarbonyl)-8b-phenyl-3,3a,4,8b-tetrahydrocyclopenta[b]indol-1-yl)acetic acid 5
1.2 mmol scale, a brown solid, 87% yield (380.0 mg). M.p.: 157-159 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 0.73 (t, J= 6.8 Hz, 3H), 2.70 (d, /= 16.4 Hz, 1H), 2.91 (d, /= 17.2 Hz, 1H), 3.02 (d,
J=17.2 Hz, 1H), 3.21-3.29 (m, 1H), 3.36 (d, J = 16.4 Hz, 1H), 3.60-3.68 (m, 1H), 6.09 (s, 1H),
6.73-6.78 (m, 2H), 6.89 (d, /= 7.6 Hz, 1H), 7.11 (dd, J = 7.6 Hz, 7.6 Hz, 1H), 7.19-7.29 (m, 5H),
7.86 (br, 2H). 3C NMR (CDCl;, TMS, 100 MHz) 6 13.4, 33.3, 43.2, 61.4, 76.0, 82.7, 110.1, 119.2,
125.0, 127.4, 127.7, 128.1, 128.4, 128.5, 128.7, 135.2, 138.2, 151.4, 173.3, 176.7. IR (neat) v 3376,
3081, 3053, 3028, 2982, 2925, 2898, 1709, 1604, 1484, 1466, 1446, 1400, 1366, 1261, 1227, 1197,
1065, 1034, 934, 859, 809, 749, 735, 701 cm''. HRMS (ESI) Calcd. for Cy,H,pNO, ' (M+H)*
requires: 364.1543, found: 364.1537.
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To a reaction tube was added 5 (0.2 mmol, 1.0 equiv.), EDCI (0.4 mmol, 2.0 equiv.), HOBt
(0.6 mmol, 3.0 equiv.), EtzN (0.5 mmol, 2.5 equiv.) and DMF (3.0 mL) at 0 °C for 15 min. Then,
the glucine methyl ester hydrochloride (0.3 mmol, 1.5 equiv.) in 2 mL DMF was added at 0 °C.
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The resulting mixture was allowed to warm to room temperature and was stirred for 12 hours.
Next, the reaction was quenched by water (10 mL) and extracted with ethyl acetate (15 mL x 3).
The combined organic collection was washed with brine (30 mL), and then dried over NaSO,. The
solvent was removed under reduced pressure and the residue was purified by a flash column

chromatography on silica gel (PE/EA: 2:1) to give the desired products 6 as a light red solid.

ethyl-1-(2-((2-methoxy-2-oxoethyl)amino)-2-oxoethyl)-85-phenyl-4,8b-
dihydrocyclopenta[b]indole-3a(3H)-carboxylate 6

0.2 mmol scale, a light red solid, 88% yield (76.4 mg). M.p.: 142-144 °C. '"H NMR (CDCl;, TMS,
400 MHz) 6 0.72 (t, J= 7.2 Hz, 3H), 2.69 (d, J = 16.4 Hz, 1H), 2.81 (d, /= 16.4 Hz, 1H), 3.12 (d,
J=16.4 Hz, 1H), 3.22-3.33 (m, 1H), 3.34 (d, /= 16.4 Hz, 1H), 3.48 (dd, J = 4.4 Hz, 18.4 Hz, 1H),
3.60-3.67 (m, 1H), 3.69 (s, 3H), 3.85 (dd, J = 5.6 Hz, 18.4 Hz, 1H), 4.85 (br, 1H), 5.95 (t, J=4.4
Hz, 1H), 6.12 (s, 1H), 6.71-6.76 (m, 2H), 6.87 (d, J = 7.2 Hz, 1H), 7.08 (dd, J = 7.6 Hz, 7.6 Hz,
1H), 7.16-7.19 (m, 2H), 7.22-7.31 (m, 3H). 3C NMR (CDCl;, TMS, 100 MHz) 6 13.3, 35.6, 41.0,
429, 52.1, 61.3, 75.7, 82.8, 109.7, 119.2, 125.1, 127.4, 128.1, 128.4, 128.5, 128.6, 128.9, 137.3,
137.9, 151.3, 169.992, 169.995, 173.1. IR (neat) v 3364, 3305, 3083, 3055, 3023, 2979, 2953,
2928, 2899, 2848, 1747, 1723, 1666, 1604, 1525, 1484, 1466, 1437, 1405, 1367, 1261, 1198, 1176,
1101, 1066, 1034, 1011, 936, 859, 802, 735, 701 cm!. HRMS (ESI) Calcd. for
C,sHy7N,O5 {(M+H)* requires: 435.1914, found: 435.1909.
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To a Schlenk tube was added 4a (0.5 mmol) and Pd/C (0.05 mmol) and MeOH (1.0 mL). Then,

the resulting solution was evacuated and backfilled with H, for 3 times and stirred at 25 °C for 48

h under H,. The solvent was removed under vacuum and the residue was purified by a silica gel
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column chromatography (PE/EA = 8/1) to give the desired product 7 as a yellow liquid.

ethyl-1-(2-ethoxy-2-oxoethyl)-8b-phenyl-2,3,4,8b-tetrahydrocyclopenta[b]indole-3a(1 H)-
carboxylate 7

0.5 mmol scale, a yellow liquid, 60% yield (117.9 mg). '"H NMR (CDCl;, TMS, 400 MHz) 6 0.77
(t,J=7.2Hz,3H), 1.26 (t, /= 7.2 Hz, 3H), 1.40-1.51 (m, 1H), 1.94 (dd, J= 6.0 Hz, 12.8 Hz, 1H),
2.09-2.15 (m, 1H), 2.28 (dd, J = 11.6 Hz, 15.2 Hz, 1H), 2.46-2.55 (m, 1H), 2.80 (dd, J = 2.4 Hz,
15.2 Hz, 1H), 3.24-3.33 (m, 1H), 3.44-3.52 (m, 1H), 3.62-3.70 (m, 1H), 4.17 (q, /= 7.2 Hz, 2H),
4.83 (br, 1H), 6.62 (d, J= 7.6 Hz, 1H), 6.68 (t, J= 7.6 Hz, 1H), 6.77 (d, J= 8.0 Hz, 1H), 7.06-7.16
(m, 4H), 6.19-7.24 (m, 2H). 3C NMR (CDCl;, TMS, 100 MHz) & 13.4, 14.2, 30.5, 35.9, 41.0,
43.0, 60.5, 61.3, 69.8, 82.2, 110.2, 119.2, 126.6, 126.9, 127.8, 128.1, 128.4, 131.9, 142.7, 151.8,
173.2,174.0. IR (neat) v 3364, 3089, 3053, 3034, 2977, 2956, 2939, 2900, 2869, 1724, 1603, 1486,
1465, 1444, 1367, 1300, 1280, 1255, 1211, 1157, 1092, 1058, 1029, 859, 740, 698 cm'!. HRMS
(ESI) Calcd. for C,4HosNO, "' (M+H)* requires: 394.2013, found: 394.2007.
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To a solution of 4a (0.5 mmol, 1.0 eq) in dry THF was added dropwise into a solution of
LiAIH,4 (3 mmol, 6.0 eq) in THF while the temperature was maintained at 0 °C. The resulting

mixture was allowed to warm to room temperature and was stirred for 2 hours. Then the mixture
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was hydrolyzed by addition of H,O (0.5 mL) and 5% NaOH (0.5 mL). The resulting suspension
was filtered, and the precipitate was washed with ethyl acetate. Next, the solvent was removed
under vacuum and the residue was purified by a silica gel column chromatography (PE/EA = 8/1)
to give the desired product 8 as a white solid in 89% yield.

To a solution of 8 (0.1 mmol, 1.0 equiv.), 5-bromoisoindoline-1,3-dione (0.11 mmol, 1.1
equiv.), LiCl (0.11 mmol, 1.1 equiv.), and triphenylphosphine (0.25 mmol, 2.5 equiv.) in THF (5
mL), (2.5 mmol, 1.2 equiv.) DEAD was added dropwise at 0 °C. The resulting mixture was
allowed to warm to room temperature and was stirred for 12 hours. Then, the resulting solution
was concentrated in vacuum and the residue was purified by a silica gel flash chromatography

PE/EA = 8/1) to give product 9 as a white solid.

N CH,CI
H

5-bromo-2-((E)-2-(-3a-(chloromethyl)-85-phenyl-3,3a,4,8b-tetrahydrocyclopenta[b]indol-
1(2H)-ylidene)ethyl)isoindoline-1,3-dione 9

0.1 mmol scale, a white solid, 32% yield (17.5 mg). M.p.: 181-183 °C. '"H NMR (CDCl;, TMS,
400 MHz) & 1.97-2.05 (m, 1H), 2.27-2.33 (m, 1H), 2.72 (d, J = 10.8 Hz, 1H), 2.78-2.87 (m, 1H),
3.10-3.18 (m, 1H), 3.18 (d, /= 10.8 Hz, 1H), 4.22-4.33 (m, 2H), 4.46 (br, 1H), 5.23-5.29 (m, 1H),
6.68 (d, J = 8.0 Hz, 1H), 6.76 (t, J = 7.2 Hz, 1H), 7.02 (d, J = 7.2 Hz, 1H), 7.09-7.16 (m, 3H),
7.18-7.22 (m, 3H), 7.68 (d, J = 8.0 Hz, 1H), 7.82-7.85 (m, 1H), 7.95 (s, 1H). 13C NMR (CDCls,
TMS, 100 MHz) 6 28.4, 34.0, 37.4, 52.2, 68.8, 79.3, 109.8, 118.5, 119.2, 124.6, 125.2, 126.6,
127.1, 128.1, 128.3, 128.8, 129.2, 130.7, 133.2, 133.8, 136.9, 140.9, 149.0, 156.1, 166.6, 167.1. IR
(neat) v 3367, 3093, 3052, 3026, 2959, 2922, 2851, 1772, 1713, 1604, 1482, 1464, 1431, 1417,
1387, 1355, 1326, 1262, 1229, 1186, 1168, 1101, 1079, 1048, 947, 894, 842, 795, 738, 703, 662
cm'. HRMS (ESI) Calcd. for C,3H,3BrCIN,O, ' (M+H)* requires: 533.0626, found: 533.0627.
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To a flame dried Schlenk tube was added 8 (1.0 mmol, 1.0 equiv.), NaH (2.3 mmol, 2.3 equiv.)
and THF (30.0 mL) under Argon at 0 °C for 0.5 h. Then, the 3-bromoprop-1-ene (2.5 mmol, 2.5

equiv.) was added at 0 °C. The resulting mixture was allowed to warm to room temperature and
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was stirred for 2 hours. Next, the reaction was quenched by water (10 mL) and extracted with ethyl
acetate (15 mL x 3). The combined organic collection was washed with brine (30 mL), and then
dried over NaSQy. The solvent was removed under reduced pressure and the residue was purified
by a flash column chromatography on silica gel (PE/EA: 40:1) to give the desired product 10 as a

colorless oil.

(E)-1-(2-(allyloxy)ethylidene)-3a-((allyloxy)methyl)-86-phenyl-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indole 10

1.0 mmol scale, a colorless oil, 64% yield (247.1 mg). 'H NMR (CDCl;, TMS, 400 MHz) & 1.92-
2.01 (m, 1H), 2.14-2.21 (m, 1H), 2.58 (d, J = 8.8 Hz, 1H), 2.61-2.68 (m, 1H), 2.71-2.78 (m, 1H),
2.97 (d,J= 8.8 Hz, 1H), 3.72-3.75 (m, 2H), 3.89-3.92 (m, 2H), 3.97 (dd, /= 5.6 Hz, 12.4 Hz, 1H),
4.11 (dd, J=7.2 Hz, 12.4 Hz, 1H), 4.42 (br, 1H), 5.05-5.15 (m, 3H), 5.19-5.24 (m, 1H), 5.42-5.46
(m, 1H), 5.71-5.81 (m, 1H), 5.82-5.92 (m, 1H), 6.65 (d, J = 8.0 Hz, 1H), 6.75 (t, J = 7.6 Hz, 1H),
7.06-7.10 (m, 2H), 7.19-7.27 (m, 5H). 3*C NMR (CDCl;, TMS, 100 MHz) & 28.7, 34.5, 67.6, 67.9,
70.9, 72.2, 75.0, 78.7, 109.7, 116.4, 117.0, 118.8, 121.6, 125.2, 126.5, 127.6, 127.9, 129.3, 134.4,
134.5, 134.9, 141.8, 149.8, 154.3. IR (neat) v 3376, 3077, 3054, 3029, 2959, 2917, 2853, 1727,
1645, 1603, 1481, 1464, 1446, 1425, 1383, 1347, 1320, 1308, 1253, 1185, 1079, 1008, 990, 926,
792, 741, 702 cm!. HRMS (ESI) Caled. for CysH3gNO,"{(M+H)" requires: 388.2271, found:
388.2266.
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bis((1R,2S,5R)-2-isopropyl-5-methylcyclohexyl)(2R,2aR,7bS)-7b-phenyl-3,7b-
dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-2,2a(2H)-dicarboxylate 3A1*

1.5 mmol scale, a white solid, 48% yield (439.9 mg). M.p.: 68-70 °C.'"H NMR (CDCl;, TMS, 400
MHz) § 0.01-0.08 (m, 1H), 0.51 (d, J = 6.8 Hz, 3H), 0.54-0.64 (m, 1H), 0.72-0.95 (m, 20H), 0.98-
1.22 (m, 5H), 1.25-1.50 (m, 4H), 1.52-1.60 (m, 2H), 1.65-1.69 (m, 2H), 1.92-2.01 (m, 2H), 4.42
(ddd, J=4.8 Hz, 11.2 Hz, 15.6 Hz, 1H), 4.52 (s, 1H), 4.71 (ddd, J= 4.4 Hz, 10.8 Hz, 15.2 Hz, 1H),
4.80 (s, 1H), 6.58 (d, /= 7.6 Hz, 1H), 6.70 (t, /= 7.6 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 7.11 (t, J
= 7.6 Hz, 1H), 7.24-7.34 (m, 3H), 7.53 (d, J = 7.2 Hz, 2H). 3C NMR (CDCl;, TMS, 100 MHz) &
7.4, 10.3, 15.9, 16.0, 20.96, 21.00, 21.9, 22.0, 23.0, 25.4, 26.0, 29.5, 31.2, 31.4, 34.0, 34.2, 40.3,
41.1,46.3,47.2,48.8, 66.5,74.1,75.9, 76.6, 110.0, 118.5, 124.7, 127.4, 128.0, 128.1, 129.4, 131.1,
137.2, 153.3, 169.4, 169.6. IR (neat) v 3375, 3089, 3056, 3031, 2952, 2925, 2867, 1718, 1606,
1495, 1484, 1465, 1386, 1369, 1320, 1278, 1253, 1179, 1151, 1080, 1065, 1037, 1026, 1003, 981,
954, 913, 844, 743, 716, 699 cm''. HRMS (ESI) Calcd. for Cy4HssNO4 {(M+H)" requires:
612.4047, found: 612.4041. [a]p** = -83.4 (¢ = 0.100, CH,Cl,).
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bis((1R,2S,5R)-2-isopropyl-5-methylcyclohexyl)(25,2aS,7bR)-7b-phenyl-3,7b-
dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropane]-2,2a(2H)-dicarboxylate 3A2*

1.5 mmol scale, a white solid, 49% yield (449.1 mg). M.p.: 67-70 °C."H NMR (CDCl;, TMS, 400
MHz) 6 -0.09-0.04 (m, 2H), 0.63 (d, /= 7.2 Hz, 3H), 0.71 (d, J=7.2 Hz, 3H), 0.74 (d, /= 7.2 Hz,
3H), 0.78-0.89 (m, 4H), 0.96-1.07 (m, 4H), 1.10-1.31 (m, 3H), 1.37-1.59 (m, 4H), 1.62-1.80 (m,
4H), 1.99-2.04 (m, 1H), 4.35 (ddd, J=4.4 Hz, 10.8 Hz, 15.2 Hz, 1H), 4.48 (s, 1H), 4.77 (ddd, J =
4.4 Hz, 10.8 Hz, 15.2 Hz, 1H), 4.85 (s, 1H), 6.56 (d, /= 7.2 Hz, 1H), 6.70 (t, /= 7.6 Hz, 1H), 6.83
(d, J=17.6 Hz, 1H), 7.08-7.13 (m, 1H), 7.23-7.28 (m, 1H), 7.30-7.35 (m, 2H), 7.52-7.55 (m, 2H).
BC NMR (CDCl;, TMS, 100 MHz) & 7.5, 10.2, 15.9, 16.0, 20.9, 21.1, 21.7, 22.1, 22.9, 23.0, 25.8,
25.9,29.3,31.0, 31.5, 34.0, 34.2, 38.9, 41.3, 46.4, 47.1, 48.5, 66.7, 74.0, 75.8, 76.8, 110.5, 118.7,
124.6, 127.3, 128.06, 128.11, 129.7, 131.0, 137.6, 153.4, 169.4, 169.6. IR (neat) v 3372, 3089,
3059, 3031, 2954, 2927, 2868, 1716, 1606, 1484, 1465, 1386, 1369, 1279, 1259, 1191, 1151, 1065,
1037, 1026, 982, 955, 913, 841, 744, 717, 699 cm-'. HRMS (ESI) Calcd. for C4HssNO4''(M+H)"
requires: 612.4047, found: 612.4040. [a]p?° =-31.1 (¢ = 0.100, CH,Cl,).
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((25,2aS8,7bR)-7b-phenyl-3,7b-dihydrospiro[cyclobuta[b]indole-1,1'-cyclopropan]-2,2a(2 H)-

S100



diyl)dimethanol 11*

0.2 mmol scale, a brown solid, 48% yield (27.2 mg). M.p.: 147-149 °C. 'H NMR (CDCl;, TMS,
400 MHz) 6 0.02-0.09 (m, 1H), 0.40-0.46 (m, 1H), 0.76 (t, J = 8.0 Hz, 2H), 1.81 (br, 1H), 2.70 (br,
1H), 2.97 (dd, J = 8.0 Hz, 10.0 Hz, 1H), 3.10 (d, /= 10.8 Hz, 1H), 3.23 (d, /= 10.8 Hz, 1H), 3.40
(dd, J=4.4 Hz, 10.0 Hz, 1H), 3.84 (t,J = 10.0 Hz, 1H), 6.65 (dd, /= 0.8 Hz, 7.2 Hz, 1H), 6.71 (dt,
J=0.8 Hz, 7.2 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 7.10 (dt, J = 1.2 Hz, 8.0 Hz, 1H), 7.25-7.30 (m,
1H), 7.33-7.38 (m, 2H), 7.52 (d, J = 7.2 Hz, 2H). 13C NMR (CDCl;, TMS, 100 MHz) 5 7.6, 10.2,
28.5, 49.0, 59.6, 61.9, 66.8, 73.5, 110.2, 118.4, 125.1, 126.8, 128.0, 128.2, 128.8, 132.3, 138.0,
152.7. IR (neat) v 3358, 3067, 3023, 2995, 2926, 2878, 2853, 1644, 1604, 1481, 1463, 1445, 1414,
1393, 1322, 1261, 1244, 1150, 1091, 1019, 968, 944, 908, 884, 800, 736, 747, 705 cm'!. HRMS
(ESI) Calcd. for Co0HooNO, " {(M+H)* requires: 308.1645, found: 308.1641. [a]p?® = +73.2 (¢ =
0.100, CH,Cl,).
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(1R,25,5R)-2-isopropyl-5-methylcyclohexyl(3aR,8bS,E)-1-2-((1R,2S,5R)-2-isopropyl-5-
methylcyclohexyl)oxy)-2-oxoethylidene)-85-phenyl-2,3,4,8b-tetrahydrocyclopenta[b]indole-
3a(1H)-carboxylate 4A1*

1.5 mmol scale, a white solid, 38% yield (348.8 mg). M.p.: 76-78 °C. 'H NMR (CDCl;, TMS, 400
MHz) 6 0.37 (q, J=12.0 Hz, 1H), 0.63 (d, /= 6.8 Hz, 3H), 0.71-0.96 (m, 18H), 1.02-1.39 (m, 6H),
1.35-1.60 (m, 4H), 1.67 (d, J = 12.0 Hz, 2H), 1.83-1.91 (m, 1H), 1.98-2.12 (m, 2H), 2.62-2.70 (m,
1H), 3.13-3.23 (m, 1H), 3.49-3.59 (m, 1H), 4.35 (ddd, J = 4.0 Hz, 10.8 Hz, 14.8 Hz, 1H), 4.48 (s,
1H), 4.72 (ddd, J = 4.4 Hz, 11.6 Hz, 15.2 Hz, 1H), 5.82 (t, J = 2.4 Hz, 1H), 6.61 (d, /= 7.2 Hz,
1H), 6.88 (t, /= 7.2 Hz, 1H), 7.01-7.09 (m, 3H), 7.17-7.21 (m, 4H). 13C NMR (CDCl;, TMS, 100
MHz) 6 16.1, 16.5, 20.8, 20.9, 21.8, 22.0, 23.1, 23.6, 26.0, 26.3, 31.1, 31.4, 32.3, 33.9, 34.3, 37.1,
39.7,41.2,46.5,47.1,72.9,73.7,75.7,83.2, 111.4, 116.4, 120.7, 125.4, 127.2, 127.8, 128.9, 129.5,
132.9, 141.0, 149.6, 166.4, 170.6, 171.8. IR (neat) v 3367, 3085, 3052, 3026, 2953, 2868, 1708,
1647, 1604, 1484, 1466, 1453, 1386, 1368, 1284, 1251, 1205, 1167, 1137, 1117, 1097, 1068, 1036,
1020, 981, 955, 913, 865, 847, 746, 698, 669 cm'!. HRMS (ESI) Calcd. for C4oHs4sNO, ' (M+H)*
requires: 612.4047, found: 612.4042. [a]p?* =-221.1 (¢ = 0.100, CH,Cl,).
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(1R,28,5R)-2-isopropyl-5-methylcyclohexyl(3aS,8bR,E)-1-(2-(((1R,2S,5R)-2-isopropyl-5-
methylcyclohexyl)oxy)-2-oxoethylidene)-85-phenyl-2,3,4,8b-tetrahydrocyclopenta[b]indole-
3a(1H)-carboxylate 4A2*

1.5 mmol scale, a white solid, 39% yield (358.0 mg). M.p.: 68-70 °C.'"H NMR (CDCl;, TMS, 400
MHz) § 0.27 (q, J = 12.0 Hz, 1H), 0.61 (d, J = 6.8 Hz, 3H), 0.72-0.77 (m, 6H), 0.81 (d, /= 6.8 Hz,
3H), 0.84-0.92 (m, 8H), 0.96-1.39 (m, 7H), 1.49-1.68 (m, 6H), 1.79-1.87 (m, 1H), 2.05-2.14 (m,
2H), 2.58-2.66 (m, 1H), 3.15-3.25 (m, 1H), 3.46-3.55 (m, 1H), 4.32 (ddd, J = 4.0 Hz, 10.8 Hz,
14.0 Hz, 1H), 4.68 (s, 1H), 4.71 (ddd, J=4.0 Hz, 10.8 Hz, 14.4 Hz, 1H), 5.84 (d, /= 2.0 Hz, 1H),
6.82 (t,J=8.0 Hz, 1H), 6.87 (d, J= 7.2 Hz, 1H), 7.01-7.07 (m, 3H), 7.15-7.22 (m, 4H). 3C NMR
(CDClI3, TMS, 100 MHz) o 15.8, 16.4, 20.8, 20.9, 21.8, 22.0, 22.8, 23.5, 25.8, 26.2, 31.1, 31.4,
32.3, 34.0, 34.3, 36.6, 39.6, 41.2, 46.8, 47.1, 72.9, 73.7, 75.8, 83.2, 111.4, 116.5, 120.7, 125.2,
127.2,127.9, 128.8, 129.5, 133.3, 141.2, 149.9, 166.4, 170.7, 172.3. IR (neat) v 3367, 3090, 3052,
3031, 2953, 2924, 2867, 1707, 1647, 1603, 1484, 1465, 1455, 1386, 1368, 1285, 1275, 1254, 1232,
1205, 1165, 1115, 1097, 1068, 1036, 1017, 981, 955, 914, 864, 846, 743, 698, 669 cm'!. HRMS
(ESI) Calcd. for C4oHs;NO,''(M+H)" requires: 612.4047, found: 612.4039. [a]p?* = +106.8 (¢ =
0.100, CH,Cl,).
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(E)-2-((3aR,8bS)-3a-(hydroxymethyl)-85-phenyl-3,3a,4,8b-tetrahydrocyclopenta[b]indol-
1(2H)-ylidene)ethan-1-ol 8*

0.1 mmol scale, a white solid, 62% yield (18.1 mg). M.p.: 65-68 °C. 'H NMR (CDCl;, TMS, 400
MHz) § 1.84-1.92 (m, 1H), 1.98-2.05 (m, 1H), 2.54-2.73 (m, 2H), 2.82 (d, J = 10.8 Hz, 1H), 3.09
(d, J=10.8 Hz, 1H), 4.01-4.13 (m, 2H), 5.38-5.42 (m, 1H), 6.58 (d, J = 8.0 Hz, 1H), 6.73 (t, J =
7.2 Hz, 1H), 7.02-7.06 (m, 2H), 7.15-7.25 (m, 5H). *C NMR (CDCl;, TMS, 100 MHz) & 28.2,
33.7, 60.6, 66.8, 67.4, 79.3, 109.9, 119.0, 123.5, 125.1, 126.7, 127.8, 128.0, 129.1, 134.4, 141.6,
149.6, 153.8. IR (neat) v 3349, 3081, 3050, 3028, 2928, 2873, 1671, 1601, 1481, 1462, 1445, 1388,
1319, 1251, 1183, 1152, 1100, 1062, 1021, 982, 931, 842, 796, 740, 702, 667 cm'. HRMS (ESI)
Calcd. for CyoHoNO, '(M+H)" requires: 308.1645, found: 308.1643. [a]p?° = -120.0 (¢ = 0.100,

CH,CL).

0. 000
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H

T T T T T T
0.0 9.5 9.0 8.5 8.0 7.5

S107



= =3 o

8 8 = QUo= == = o
z 2 = BE2E 23 = 2
e = X588 8% 8 =
= = g Srgs =g g %
= 2 = 2EEE 58 2 B
I | I R R VA |

N T NT

200 190 180 170 160 150 140 130 120 110 1(00) 90 80 70 60 50 40 30 20 10
f1 (ppm,

S108



9. Control experiments

NH, COOEt
(o]
Al Ar,80°C COOEt
Ph DMSO (degassed) N “COOEt
COOEt Inthe darkness H
yield = 83% yield <5%

To gain some insights into the mechanism of the formation of 3a, the control experiment was
investigated. When 1a and 2a was used as the substrate in carefully degassed DMSO (firstly
bubbled by Ar for 15 min, then degassed by an argon purging and freezing-degassing process
three times) under Ar at 80 °C in the darkness for 8 hours, 3a was cleanly obtained in 83% yield.

The result indicated that the formation of 3a is not promoted by light nor O,

COOEt _ 08h _
“COOEt DMSO

N
H

3a

1) Oy, 80 °C, household light, 3a: -, 4a: 86%.

2) freezing-degassed Ar, 80 °C, household light, 3a: 73%, 4a: 14%.
3) O,, 80 °C, in the dark, 3a: 73%, 4a: 7%.

4) O,, 25 °C, blue LEDs, 3a: <5%, 4a: 77%

5) O,, TEMPO (2.0 equiv.), 80 °C, household light, 3a:95%, 4a:
trace.

To gain some insights into the mechanism, some control experiments were investigated
(Scheme 6). When 3a was used as the substrate in DMSO under O, at 80 °C in household light for
8 hours, 4a was cleanly obtained in 86% yield. Moreover, when the solution of 3a in DMSO was
carefully degassed by an argon purging and freezing-degassing process three times, the reaction
only produced 4a in 14% yield for 8 hours. Then, 3a was conducted in DMSO in the absolute
darkness under O, at 80 °C for 8 hours, the transformation was also restrained. When 3a was
performed under blue LEDs at 25 °C for 12 hours, the reaction proceeded smoothly, affording 4a
in 77% yield. However, when 2.0 equivalents of TEMPO were added in the reaction, 3a was
restrained to be transformed into 4a, which indicated a radical procedure. The experimental results

suggested that the household light and oxygen promoted the formation of 4a from 3a.
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10. Experimental results for electronic circular dichroism (ECD) of product 8*.

ECD experiment

ECD and UV spectra of 8*, at a concentration of 0.1 mg/mL in acetonitrile, were recorded in
a 1.0 mm path length quartz cuvette, using a Chirascan circular dichroism spectrometer (Applied
Photophycis Ltd., Leatherhead, UK). The experimental conditions were as follows: bandwidth, 1
nm; wavelength range, 185-400 nm; wavelength step size, 1 nm; time-per-point, 0.5 s;

temperature, 25 °C. Acetonitrile was measured under the same conditions to obtain baseline.

ECD computations

Molecular model of (3R,8S)-8* was built and subjected to a conformational analysis using the
Monte Carlo protocol at the molecular mechanic force field MMFF94 level with Compute VOA
(BioTools Inc., Jupiter, FL). Within a 10 kcal/mol window, 75 conformers were predicted.
Geometry optimization of the conformers were then carried out in the framework of density
functional theory (DFT) using the B3LYP hybrid density functional and 6-31G(d) basis set with
Gaussian 09 (Gaussian Inc., Wallingford, CT). The polarizable continuum model (PCM) was
adopted to consider solvent effects. Frequency calculations were also carried out to confirm the
geometries obtained were true minima of the potential energy surface by exhibiting no imaginary
frequencies. Structures and population percentages based on DFT//B3LYP/6-31G(d) relative
energies of the 14 conformers in the initial 1.4 kcal/mol range, accounting for 96.6% of the total
population, are shown in Figure SI-1.

Rotatory strengths in velocity form (R,e) and length form (Ry,), oscillator strengths and
excitation energies of the 50 lowest electronic transitions were calculated for each conformer
employing time-dependent density functional theory (TDDFT) at B3LYP/6-31G(d). Ry,
oscillator strengths and 6 = 0.25 eV (UV peak half-width at half height) were adopted to simulate
ECD and UV curves with GaussView 5. Boltzmann-population-weighted composite ECD and UV
spectra were then generated.

Figure SI-2 and Figure SI-3 show the observed and calculated ECD and UV spectra of 8* over
the range of 160-360 nm. The experimental ECD spectrum has negative Cotton effects at 308 nm,
248 nm and 197 nm, which can be assigned to the calculated bands of (3R,85)-8* at 291 nm, 225
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nm and 177 nm respectively. The observed positive Cotton effects at 206 nm and 187 nm can be
assigned to the calculated bands of (3R,85)-8* at 189 nm and 166 nm. The calculated bands are
blue-shifted by 10-30 nm to the measured ones. According to the good agreement between the

corresponding spectra, 8* is assigned to have (3R,8S) configuration unambiguously.

a (19.2%) b (17.9%) ¢ (7.9%)

d (7.5%) e (7.1%) £(6.6%)

g (6.5%) h (5.7%) i (5.2%)
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i (3.6%) k (2.9%) 1(2.4%)

m (2.2%) n (1.9%)

Figure SI-1. TDDFT//B3LYP/6-31G(d) minimum energy structures of (3R, 85)-8*
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Figure SI-2. Comparison of the experimental (top) and calculated (bottom) ECD spectra of 8*
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Figure SI-3. Comparison of the experimental (top) and calculated (bottom) UV spectra of 8*
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11. UV-vis absorption spectra of 1a, 2a, 3a and 4a

Absorbance (a. u. )

260 280 300 320 340 360 380 400

A (nm)

Figure SI-4. UV-Absorption Spectra of 1a, 2a, 3a and 4a (5.0 x 10> M in all cases) in DMSO
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12. X-ray crystallographic information of products 3e, 4e, 5,9 and 11*

The crystal data of 3e have been deposited in CCDC with number 1518992. Empirical Formula:
Co4H4BrNOy; Formula Weight: 470.35; Crystal Color, Habit: colorless, Crystal Dimensions:
0.200 x 0.170 x 0.130 mm?; Crystal System: Triclinic; Lattice Parameters: a = 9.1087(12)A, b =
9.6236(13)A, ¢ = 13.9209(18)A, o = 106.948(3)°, B = 95.031(3)°, y = 99.718(3)°, V = 1138.3(3)A3;
Space group: P -1; Z = 2; D.y= 1.372 g/cm?; Fooo = 484; Final R indices [[>2sigma(I)] R1 =
0.0486, wR2 =0.1117.
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The crystal data of 4e have been deposited in CCDC with number 1522872. Empirical Formula:
Cy4H,4BrNOy; Formula Weight: 470.35; Crystal Color, Habit: colorless, Crystal Dimensions: 0.15
x 0.1 x 0.05 mm3; Crystal System: Monoclinic; Lattice Parameters: a = 11.8749(12)A, b =
13.1162(14)A, ¢ = 14.6639(16)A, o = 90°, B = 106.809(2)°, vy = 90°, V = 2186.4(4)A3; Space
group: P 1 21/c 1; Z = 4; D.ye= 1.429 g/em3; Fooo = 968; Final R indices [[>2sigma(I)] R1 =
0.0461, wR2 = 0.0957.
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The crystal data of 5 have been deposited in CCDC with number 1580815. Empirical Formula:
CH,1NOy4; Formula Weight: 363.40; Crystal Color, Habit: colorless, Crystal Dimensions: 0.170 x
0.120 x 0.070 mm?; Crystal System: Orthorhombic; Lattice Parameters: a = 17.5019(5)A, b =
8.4032(3)A, ¢ = 12.4676(4)A, o = 90°, B = 90°, vy = 90°, V = 1833.63(10)A3; Space group: P c a 21;
Z =4; Doy = 1.316 g/cm?; Fyop = 768; Final R indices [[>2sigma(I)] R1 = 0.0439, wR2 = 0.1117.
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The crystal data of 9 have been deposited in CCDC with number 1579530. Empirical Formula:
CysH,,BrCIN,O,; Formula Weight: 533.83; Crystal Color, Habit: colorless, Crystal Dimensions:
0.170 x 0.150 x 0.120 mm?; Crystal System: Monoclinic; Lattice Parameters: a = 32.328(10)A, b
=10.078(3)A, c = 15.161(4)A, o = 90°, B = 109.440(8)°, y = 90°, V = 4658(2)A3; Space group: C
2/c; Z = 8; Doy = 1.523 g/em?; Foo = 2176; Final R indices [[>2sigma(I)] R1 = 0.0497, wR2 =
0.1140.
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The crystal data of 11* have been deposited in CCDC with number 1579529. Empirical Formula:
Cy0H,1NO,; Formula Weight: 307.38; Crystal Color, Habit: colorless, Crystal Dimensions: 0.170 x
0.130 x 0.070 mm?3; Crystal System: Monoclinic; Lattice Parameters: a = 14.0718(2)A, b =
7.93280(10)A, ¢ = 14.6162(2)A, o = 90°, B = 92.8680(10)°, y = 90°, V = 1629.55(4)A3; Space

group: P 21; Z = 4; D, = 1.253 g/cm?; Fooo = 656; Final R indices [[>2sigma(I)] R1 = 0.0539,
wR2 =0.1152.
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