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1. General information

All reactions were performed using flame-dried glassware under
nitrogen atmosphere, and all commercial materials and solvents were used
directly without further purification, unless otherwise noted. NMR spectra
were measured on a 400 MHz Bruker spectrometer ('"H NMR 400 MHz,
BC NMR 100 MHz, F NMR 376 MHz) using CDClI; (spectra were
referenced to the solvent peaks 'H: residual CDCl; = 7.26 ppm, *C: CDCl,
= 77.00 ppm) as the solvent. Chemical shifts (d) are reported in ppm, and
coupling constants (J) are reported in hertz (Hz). Multiplicities are reported
using the following abbreviations: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet. High-resolution mass spectra (HRMS) were
recorded on an Agilent 1290 mass spectrometer using ESI-TOF
(electrospray ionization time-of-flight). Column chromatography was
performed on silica gel (70-230 mesh ASTM) using the reported eluents.
Thin-layer chromatography (TLC) was carried out on 4x5 cm plates with
a layer thickness of 0.2 mm (silica gel 60 F254). Photochemical
experiments have been performed in a Parallel Light Reactor (designed by
WATTCAS, WP-TEC-1020HSL, 10 W, A = 400-405 nm or 405-410 nm,
tube about 1~2 cm away from lights). The reaction setups were shown in
Figure S1.

Figure S1. The WP-TEC-1020HSL photochemical reaction system
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2. General experimental procedure

General procedure 1: Starting Materials Synthesis

RO T2 N
L o Z~N OR2
N OH R20H, reflux, 24 h H

R? = Me or Et

DMAP (10 mol%)

Boc,O (1.2 equi\Q R1m_<0
Z>N OR?

MeCN (0.2 M), rt, 24 h Boc
1&2

To an oven-dried 25 mL round-bottomed flask equipped with a magnetic

stir bar were added indole-2-carboxylic acid derivative (4.0 mmol, 1.0
equiv), R?OH (10 mL), and H,SO4 (concentrated, 0.1 mL). The reaction
was heated and reflux for 24 hours. After cooling to room temperature,
water was added to the residue, the pH was adjusted to 7 by adding
NaHCOj; (aq.), and the aqueous layer was extracted with EtOAc for three
times. The solvent of combined organic layers was removed under reduced
pressure and the resulting residue was purified by column chromatography
on silica gel with petroleum ether/ethyl acetate (v/v) afforded the
corresponding indole-2-carboxylate.!

Then, to a solution of indole-2-carboxylate (2.0 mmol) and DMAP (10
mol%) in MeCN (0.2 M), a solution of Boc,O (1.2 equiv) in MeCN was
added dropwise. The mixture was stirred for 24 hours at room temperature.
Water was added to the residue, and the aqueous layer was extracted with
EtOAc for three times. The solvent of combined organic layers was
removed under reduced pressure and the resulting residue was purified by
column chromatography on silica gel with petroleum ether/ethyl acetate
(v/v) afforded the corresponding N-Boc-indole-2-carboxylate 1 and 2.2

Note: Other N-Boc-indole-2-carboxylates have been reported in
literature or patents,’® 3 except for the starting materials 1f, 1k, 1q, 1r, 2j,

2k, 21. And all activated and unactivated olefins 3 are commercially
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available. Therefore, these seven unreported compounds mentioned above
have been characterized by NMR in chapter 4 and 6.

General procedure 2: Photocatalytic [2+2] cycloaddition of 1 with 2a

X 2
1%COOR2 A TXT (5 mol%) R %OOR
R / >
Z COOMe \ecN (0.1 M), N, H

400-410 nm, 22 h COOMe
1or2 3a 4orb5
X =NBoc, O
R2 = Me or Et

To an over-dried quartz tube equipped with a magnetic stir bar was
added with the mixture of N-Boc-indole-2-carboxylate or 2-
benzofurancarboxylate 1 or 2 (0.2 mmol), methyl acrylate 3a (0.6 mmol),
thioxanthone (TXT, 2.1 mg, 5 mol%) in MeCN (2 mL). The reaction
mixture was evacuated and backfilled with nitrogen three times, and then
stirred under irradiation with violet LEDs (10 W, A = 400-410 nm) for 22
h. After reaction completion, the solvent was removed under reduced
pressure and the resulting residue was purified by column chromatography
on silica gel with petroleum ether/ethyl acetate (v/v) afforded the
corresponding cyclobutane-fused indolines products 4 or 5.

General procedure 3: Photocatalytic [2+2] cycloaddition of 1a with 3

Boc
Boc L TXT (5 mol%) N_,COOMe
+ >
(:E//LCOOMe RS RY MeCN (0.1M), N, ~

":R4
400-410 nm, 22 h ¥
1a 3 6

To an over-dried quartz tube equipped with a magnetic stir bar was
added with the mixture of Methyl N-Boc-indole-2-carboxylate 1a (0.2
mmol), the respective olefin 3 (0.6 mmol), thioxanthone (TXT, 2.1 mg, 5
mol%) in MeCN (2 mL). The reaction mixture was evacuated and
backfilled with nitrogen three times, and then stirred under irradiation with
violet LEDs (10 W, A = 400-410 nm) for 22 h. After reaction completion,
the solvent was removed under reduced pressure and the resulting residue
was purified by column chromatography on silica gel with petroleum
ether/ethyl acetate (v/v) afforded the corresponding cyclobutane-fused

indolines products 6.
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3. Optimization of reaction conditions

All reactions were performed on 0.20 mmol scale. To an oven-dried
20 mL dry quartz glass tube equipped with a magnetic stir bar were added
photocatalyst (PC), methyl N-Boc-indole-2-carboxylates (1a), methyl
acrylates (3a, 0.5-4 equiv), and solvent (2 mL). The tube was evacuated
and backfilled with nitrogen three times, each time for at least 5 minutes,
and then stirred under irradiation with visible light sources of LEDs (10 W,
A =405 nm for thioxanthone (I); 10 W, A =435 nm for 4CzIPN (II); 10 W,
A = 530 nm for Rose Bengal (III); 10 W, A = 520 nm for
Tetrabromofluorescein (IV); 10 W, A = 440 nm for Riboflavin (V); 10 W,
A =530 nm for Rhodamine 6G (VI)) for 6-22 h. After that, the solvent was
removed in vacuo, purification was performed by flash column
chromatography on silica gel with petroleum ether/ethyl acetate as eluent
to give the corresponding compounds 4aa. The results were compiled in
Table S1-S4.
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Table S1. Screening of photocatalysts ¢

Boc Boc
N N u PC (5 mol%) N, ,COOMe
@E/fcoo'\"e COOMe g
DCM (0.1 M), N, H
hv, 6 h COOMe
1a 3a 4aa

Thioxanthen-9-one (1) 4CzIPN (II) Rose Bengal (lll)

Tetrabromofluorescein (1V) Riboflavin (V) Rhodamine 6G (VI)
Entry PC (5 mol%) 4aa Yield (%)’
1 I 60
2 I 47
3 111
4 1AY
5 \%
6 VI
7¢ - 17
84 dark 0

@ Reaction conditions: 1a (0.20 mmol), 3a (0.6 mmol), PC (5 mol%) in DCM (2.0 mL,
0.1 M), 10 W visible light, 6 h, room temperature, N, atmosphere.

bIsolated yields.

¢ Absence of photocatalyst.

4 Dark.
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Boc

EIOC ”\ TXT (5 mol%) N COOMe
©/\/fcoowle+ COOMe g
solvent, N, ¥
400-410 nm, 6 h £00Me
1a 3a 4aa

Table S2. Screening of solvents ¢

Entry Solvent 4aa Yield (%)°
1 DCM 60
2 MeOH 45
3 THF 73
4 Acetone 52
5 Toluene 54
6 MeCN 80
7 CHCI, 41
8 EA 19
9 DMF 21
10 1,4-dioxane 63
11 NMP Trace
12 DMSO Trace

@ Reaction conditions: 1a (0.20 mmol), 3a (0.6 mmol), TXT (5 mol%) in solvent (2.0
mL, 0.1 M), 10 W visible light, 6 h, room temperature, N, atmosphere.
bIsolated yields.
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Boc

ROC II\ TXT (5 mol%) N ,COOMe
coome * >
m COOMe 16N (0.1 M), N,
400-410 nm, Time COOMe
1a 3a 4aa

Table S3. Screening of reaction time ¢

Entry Time (h) 4aa Yield (%)°
1 6 80
2 8 80
3 10 88
4 12 90
5 14 91
6 16 94
7 18 94
8 20 94
9 22 94
10 24 94

@ Reaction conditions: 1a (0.20 mmol), 3a (0.6 mmol), TXT (5 mol%) in MeCN (2.0
mL, 0.1 M) 10 W visible light, 6-22 h, room temperature, N, atmosphere.
bIsolated yields.
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B
Boc TXT (5 mol%) NOCCooMe

N | %
. >
mCOOMe COOMe MeCN (0.1 M), N, X

400-410 nm, 22 h COOMe
1a 3a 4aa

Table S4. Screening of feed ratio of substrates ¢

Entry la:3a 4aa Yield(%)”
1 2:1 15
2 1:1 33
3 1:1.5 50
4 1:2 80
5 1:2.5 83
6 1:3 94
7 1:3.5 94
8 1:4 94

@ Reaction conditions: 1a (0.20 mmol), 3a (0.10-0.80 mmol), TXT (5 mol%) in MeCN
(2.0 mL, 0.1 M) 10 W visible light, 22 h, room temperature, N, atmosphere.
bIsolated yields.
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4. Characterization of compounds 1, 2,4, 5 and 6

1-(tert-butyl) 2-methyl 5-(trifluoromethyl)-1H-indole-1,2-dicarboxylate (1f)

Boc

N
/[:I:/~000Me
F4C

Pale yellow oil, 96% yield (0.66 g), '"H NMR (400 MHz, CDCl;) 6 8.22 (d, /= 8.8 Hz,
1H), 7.92 (s, 1H), 7.66 (d, J= 8.9 Hz, 1H), 7.15 (s, 1H), 3.97 (s, 3H), 1.66 (s, 9H). 13C
NMR (100 MHz, CDCl;) 6 161.9, 148.7, 139.1, 132.0, 127.1, 125.8 (q, J = 32.5 Hz),
124.5 (q,J=271.9 Hz), 123.3 (q,J=3.3 Hz), 119.7 (q, J=4.2 Hz), 115.4 114.1, 85.5,
52.5, 27.8. YF NMR (376 MHz, CDCl;) 6 -61.3. HRMS (ESI) calcd for
Ci6Hi6F3NNaO4 [M+Na]*: 366.0924; found: 366.0927.

1-(tert-butyl) 2-methyl 7-bromo-1H-indole-1,2-dicarboxylate (1k)

Br

Boc
N
[tj:f~COOMe

Yellow solid, 95% yield (0.67 g), m.p. = 98.0-99.0 °C, 'TH NMR (400 MHz, CDCl;) 6
7.65 (d,J=7.9 Hz, 1H), 7.60 (d, J= 7.6 Hz, 1H), 7.29 (s, 1H), 7.09 (t, /= 7.8 Hz, 1H),
3.96 (s, 3H), 1.74 (s, 9H). 13C NMR (100 MHz, CDCl3) 5 160.9, 149.7, 134.5, 130.8,
128.8, 128.7, 122.8, 122.0, 111.6, 104.8, 86.4, 52.3, 27.6. HRMS (ESI) calcd for
C,sH;,BrNNaO4 [M+Na]*: 376.0155; found: 376.0159.
1-(tert-butyl) 2-methyl 4,6-difluoro-1H-indole-1,2-dicarboxylate (1q)

Boc

F N
\[;j:f—COOMe

F
Pale yellow solid, 95% yield (0.56 g), m.p. = 62.7-63.3 °C, 'H NMR (400 MHz,
CDCl;) 6 7.67 (dd, J=9.7, 1.3 Hz, 1H), 7.18 (s, 1H), 6.79 (td, J = 9.6, 2.1 Hz, 1H),
3.96 (s, 3H), 1.66 (s, 9H). 13C NMR (100 MHz, CDCl3) 6 163.4 (d,J=11.5Hz), 161.6,
160.9 (d,J=11.5Hz), 157.3 (d,J=15.1 Hz), 154.8 (d, J = 15.1 Hz), 148.8, 139.2 (d,
J=11.0Hz), 139.1 (d,J=11.1 Hz), 130.6 (d,/=4.0 Hz), 113.3 (d,/=22.3 Hz), 110.1,
99.1 (d, J=22.7 Hz), 98.8 (d, J = 22.7 Hz), 98.5 (d, /= 4.8 Hz), 98.3 (d, J = 4.8 Hz),
85.6,52.5,27.8. F NMR (376 MHz, CDCl3) 5 -110.1, -116.8. HRMS (ESI) caled for

CisHsFaNNaOy [M+Na]™: 334.0861; found: 334.0865.
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1-(tert-butyl) 2-methyl 4,6-dichloro-1H-indole-1,2-dicarboxylate (1r)
Boc

Cl N
mcoom

Cl
White solid, 90% yield (0.62 g), m.p. = 90.1-92.2 °C, 'H NMR (400 MHz, CDCl;) 6
8.07 (dd,J=1.7, 0.9 Hz, 1H), 7.29 (d, /= 1.6 Hz, 1H), 7.17 (d, J= 0.9 Hz, 1H), 3.96
(s, 3H), 1.65 (s, 9H). 3C NMR (100 MHz, CDCl;) 6 161.6, 148.5, 138.2, 132.8, 131.3,
127.8, 125.1, 123.7, 113.9, 112.2, 85.8, 52.6, 27.8. HRMS (ESI) calcd for
C,sH;5sCI,NNaO4 [M+Na]*: 366.0270; found: 366.0273.
1-(tert-butyl) 2-ethyl 4-bromo-1H-indole-1,2-dicarboxylate (2j)

Boc

N
)—COOEt

Br
Yellow oil, 90% yield (0.67 g), 'TH NMR (400 MHz, CDCl;) 6 8.07 (d, J = 8.4 Hz,
1H), 7.45 (dd, J="7.7, 0.9 Hz, 1H), 7.33 — 7.24 (m, 1H), 7.19 (d, J = 0.9 Hz, 1H), 4.43
(q,J/=7.2 Hz, 2H), 1.66 (s, 9H), 1.45 (t,J= 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl;)
3 161.5,149.0, 138.0, 131.3, 128.4, 127.6, 126.2, 115.9, 114.1, 114.0, 85.2, 61.7, 27.8,
14.3. HRMS (ESI) calcd for C;¢H;sBrNNaO4 [M+Na]*: 390.0311; found: 390.0312.

1-(tert-butyl) 2-ethyl 5,6-dimethoxy-1H-indole-1,2-dicarboxylate (2k)
Boc

MeO N
mCOOEt
MeO

White solid, 85% yield (0.59 g), m.p. = 66.2-67.5 °C, "TH NMR (400 MHz, CDCl;) 6
7.68 (s, 1H), 7.05 (s, 1H), 7.00 (s, 1H), 4.37 (q, J = 7.2 Hz, 2H), 3.99 (s, 3H), 3.93 (s,
3H), 1.64 (s, 9H), 1.40 (t,J=7.2 Hz, 3H). 13C NMR (100 MHz, CDCl;) 5 161.7, 150.1,
149.6, 147.1, 133.2, 129.1, 120.0, 115.6, 102.8, 97.9, 84.3, 61.1, 56.2, 27.8, 14.4.
HRMS (ESI) calcd for CisH,3NNaOg [M+Na]*: 372.1417; found: 372.1421.
1-(tert-butyl) 2-ethyl 5,7-dichloro-1H-indole-1,2-dicarboxylate (21)

Cl

Boc
N
mCOOEt
Cl

White solid, 88% yield (0.63 g), m.p. = 109.2-110.9 °C, '"H NMR (400 MHz, CDCls)

§7.47 (s, 1H), 7.31 (s, 1H), 7.10 (s, 1H), 4.40 (q, J = 7.1 Hz, 2H), 1.70 (s, 9H), 1.40 (t,

J=17.1 Hz, 3H). 3C NMR (100 MHz, CDCl;) & 160.1, 149.3, 131.6, 130.1, 129.0,
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127.2, 126.8, 120.5, 118.2, 110.2, 86.4, 61.5, 27.4, 14.3. HRMS (ESI) caled for
Ci6H17CI,NNaO4 [M+Na]*: 380.0427; found: 380.0431.

3-(tert-butyl) 1,2a-dimethyl 1,7b-dihydro-3H-cyclobuta|b]indole-1,2a,3(2H)-
tricarboxylate (4aa)

Boc
N ,COOMe

COOMe
Colorless oil, 94% yield (67.9 mg, crude: > 20:1 dr), "TH NMR (400 MHz, CDCl;) 6

7.93 (d, J=8.2 Hz, 1H), 7.26 (t,J= 8.5 Hz, 1H), 7.14 (d, /= 7.4 Hz, 1H), 6.99 (t, J =
7.5 Hz, 1H),4.22 (d, J=5.9 Hz, 1H), 3.78 (s, 3H), 3.75(s, 3H), 3.52 (ddd, J=13.5, 8.1,
1.3 Hz, 1H), 3.12 (ddd, J = 10.1, 8.1, 5.8 Hz, 1H), 2.66 (dd, J = 13.4, 10.0 Hz, 1H),
1.47 (s, 9H). 13C NMR (100 MHz, CDCl;) 5 173.4, 170.8, 150.8, 144.5, 130.5, 128.8,
124.0, 123.1, 114.9, 81.5, 66.8, 52.6, 52.2, 48.9, 41.3, 32.5, 28.2. HRMS (ESI) calcd
for C9H3NNaOg [M+Na]*: 384.1417; found: 384.1419.

3-(tert-butyl) 1,2a-dimethyl 6-fluoro-1,7b-dihydro-3H-cyclobuta|b]indole-
1,2a,3(2H)-tricarboxylate (4ba)

Boc
N, ,COOMe

COOMe
Colorless oil, 83% yield (62.9 mg, crude: > 20:1 dr), '"H NMR (400 MHz, CDCl;) 6

7.87 (dd, J=8.9, 4.7 Hz, 1H), 6.95 (td, J=9.0, 2.7 Hz, 1H), 6.86 (dd, /= 7.9, 2.7 Hz,
1H), 4.18 (d, J = 6.0 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 3.50 (ddd, J=13.6, 8.2, 1.4
Hz, 1H), 3.14 (ddd, /= 9.9, 8.2, 5.9 Hz, 1H), 2.67 (dd, J = 13.5, 10.1 Hz, 1H), 1.46 (s,
9H). 3C NMR (100 MHz, CDCl3) & 173.1, 170.5, 159.0 (d, J = 241.7 Hz), 150.8,
140.6, 132.0 (d, J=8.1 Hz), 115.6 (d, /= 8.1 Hz), 114.9 (d,J=229 Hz), 111.4 (d, J =
24.3 Hz), 81.7,67.2,52.7,52.3,48.5,41.1, 32.5, 28.2. F NMR (376 MHz, CDCl;) 6
-120.4. HRMS (ESI) calcd for C;9H,,FNNaOg [M+Na]*: 402.1323; found: 402.1321.
3-(tert-butyl) 1,2a-dimethyl 6-chloro-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (4ca)

Boc
N, ,.COOMe

Cl
COOMe
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Olivine oil, 85% yield (67.2 mg, crude: > 20:1 dr), '"H NMR (400 MHz, CDCl;) 5 7.86
(d, J=8.6 Hz, 1H), 7.22 (dd, J = 8.6, 2.3 Hz, 1H), 7.11 (d, /= 2.2 Hz, 1H), 4.18 (d, J
= 6.0 Hz, 1H), 3.78 (s, 3H), 3.75 (s, 3H), 3.51 (ddd, J = 13.5, 8.2, 1.2 Hz, 1H), 3.13
(ddd, J = 10.1, 8.3, 5.9 Hz, 1H), 2.67 (dd, J = 13.5, 10.0 Hz, 1H), 1.46 (s, 9H). 13C
NMR (100 MHz, CDCl;) 6 173.0, 170.3, 150.7, 143.3, 132.2, 128.6, 127.9, 124.2,
115.8, 819, 67.1, 52.7, 52.3, 48.4, 41.1, 32.5, 28.2. HRMS (ESI) caled for
C19H2,CINNaOg [M+Na]*: 418.1028; found: 418.1028.

3-(tert-butyl) 1,2a-dimethyl 6-bromo-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (4da)

Boc
N ,COOMe

Br

COOMe
Yellow oil, 89% yield (78.2 mg, crude: > 20:1 dr), "H NMR (400 MHz, CDCl;) § 7.82

(d, J=8.6 Hz, 1H), 7.39 — 7.35 (m, 1H), 7.26 (d, J= 2.0 Hz, 1H), 4.18 (d, J = 6.0 Hz,
1H), 3.78 (s, 3H), 3.76 (s, 3H), 3.51 (ddd, J = 13.5, 8.2, 1.2 Hz, 1H), 3.13 (ddd, J =
10.1, 8.3, 6.0 Hz, 1H), 2.67 (dd, J=13.5, 10.0 Hz, 1H), 1.47 (s, 9H). 3C NMR (100
MHz, CDCl;) 6 173.0, 170.3, 150.7, 143.8, 132.6, 131.6, 127.0, 116.4, 115.3, 82.0,
67.1, 52.7, 52.3, 48.4, 41.2, 32.5, 28.2. HRMS (ESI) caled for C;9H»,BrNNaOg
[M+Na]*: 462.0523; found: 462.0522.

3-(tert-butyl) 1,2a-dimethyl 6-methoxy-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (4ea)

Boc
N. ,COOMe

MeO
COOMe

Pale yellow oil, 41% yield (32.1 mg, crude: > 20:1 dr), '"H NMR (400 MHz, CDCl;) 6
7.83 (d, J=8.8 Hz, 1H), 6.79 (dd, J = 8.8, 2.7 Hz, 1H), 6.71 (d, J= 2.7 Hz, 1H), 4.18
(d, J=5.9 Hz, 1H), 3.78 (s, 6H), 3.74 (s, 3H), 3.49 (ddd, J = 13.4, 8.1, 1.3 Hz, 1H),
3.13 (ddd, J=10.2, 8.1, 5.8 Hz, 1H), 2.65 (dd, J=13.5, 10.1 Hz, 1H), 1.46 (s, 9H). 13C
NMR (100 MHz, CDCl;) 6 173.4, 170.8, 156.0, 150.8, 138.0, 131.7, 115.4, 113.4,
110.2, 81.3, 67.0, 55.7, 52.6, 52.3, 48.9, 41.2, 32.3, 28.3. HRMS (ESI) calcd for
CyoHpsNNaO; [M+Na]*: 414.1523; found: 414.1521.

3-(tert-butyl) 1,2a-dimethyl 6-(trifluoromethyl)-1,7b-dihydro-3H-

cyclobuta[b]indole-1,2a,3(2H)-tricarboxylate (4fa)
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Boc
N ,COOMe

FsC

COOMe
Colorless oil, 90% yield (77.2 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6
8.00 (d,/=8.5Hz, 1H), 7.51 (d,J=8.4 Hz, 1H), 7.36 (s, 1H), 4.24 (d, /= 6.0 Hz, 1H),
3.76 (s, 3H), 3.74 (s, 3H), 3.56 — 3.48 (m, 1H), 3.19 — 3.08 (m, 1H), 2.69 (dd, J = 13.6,
10.0 Hz, 1H), 1.45 (s, 9H). 13C NMR (100 MHz, CDCl3) 6 172.9, 170.1, 150.6, 147.5,
131.1, 126.5 (q, J = 3.6 Hz), 125.1 (q, J = 32.7 Hz), 124.2 (q, J = 271.8 Hz), 121.1,
114.7, 82.3, 67.3, 52.7, 52.3, 48.3, 41.1, 32.6, 28.1. ’F NMR (376 MHz, CDCl;) 5 -
61.6. HRMS (ESI) calcd for C,0H,F3NNaOg [M+Na]*: 452.1291; found: 452.1291.
3-(tert-butyl) 1,2a-dimethyl 5-fluoro-1,7b-dihydro-3H-cyclobuta|b]indole-
1,2a,3(2H)-tricarboxylate (4ga)

Boc
F N. COOMe

COOMe
Colorless oil, 90% yield (68.2 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6

7.69 (dd, J=10.5, 2.5 Hz, 1H), 7.06 (dd, /= 8.2, 5.5 Hz, 1H), 6.70 — 6.65 (m, 1H), 4.17
(d, J=5.9 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 3.55 — 3.44 (m, 1H), 3.11 (ddd, /= 9.9,
8.2, 5.9 Hz, 1H), 2.67 (dd, J = 13.5, 10.1 Hz, 1H), 1.47 (s, 9H). 3C NMR (100 MHz,
CDCl;) 0 173.2, 170.4, 163.4 (d, J = 243.9 Hz), 150.6, 146.1 (d, J = 13.1 Hz), 126.0,
124.5 (d, J=10.0 Hz), 109.4 (d, J = 22.7 Hz), 103.4 (d, /= 29.4 Hz), 82.0, 67.8, 52.7,
52.3,48.3,41.4,32.4,28.2. F NMR (376 MHz, CDCl3) 5 -112.4. HRMS (ESI) calcd
for C9H»,FNNaOg [M+Na]*: 402.1323; found: 403.1321.

3-(tert-butyl) 1,2a-dimethyl 5-bromo-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (4ha)

Boc
Br N, COOMe

COOMe
Yellow oil, 94% yield (82.5 mg, crude: > 20:1 dr), 'H NMR (400 MHz, CDCl;) 5 8.14

(d,J=1.9 Hz, 1H), 7.12 (dd, J= 7.9, 1.8 Hz, 1H), 6.99 (d, J = 7.9 Hz, 1H), 4.16 (d, J
=5.9 Hz, 1H), 3.77 (s, 3H), 3.75 (s, 3H), 3.57 — 3.45 (m, 1H), 3.10 (ddd, J= 10.1, 8.2,
5.9 Hz, 1H), 2.66 (dd, J = 13.5, 10.0 Hz, 1H), 1.47 (s, 9H). 3C NMR (100 MHz,
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CDCl;3) 0 173.1,170.3, 150.6, 145.8, 129.6, 126.0, 125.0, 122.6, 118.2, 82.1, 67.4, 52.7,
52.3, 484, 41.2, 32.5, 28.2. HRMS (ESI) caled for C9H»,BrNNaOg [M+Na]*:
462.0523; found: 462.0522.

3-(tert-butyl) 1,2a-dimethyl 5-methoxy-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (4ia)

Boc
MeO N. COOMe

COOMe
Colorless oil, 72% yield (56.3 mg, crude: > 20:1 dr), "TH NMR (400 MHz, CDCl;) 6

7.60 (d, J=2.3 Hz, 1H), 7.01 (d, J= 8.2 Hz, 1H), 6.54 (dd, /= 8.3, 2.4 Hz, 1H), 4.14
(d,J=5.7Hz, 1H), 3.83 (s, 3H), 3.77 (s, 3H), 3.75 (s, 3H), 3.49 (ddd, J=13.5, 8.1, 1.4
Hz, 1H), 3.08 (ddd, J = 10.0, 8.0, 5.7 Hz, 1H), 2.64 (dd, J = 13.5, 10.1 Hz, 1H), 1.47
(s, 9H). BC NMR (100 MHz, CDCl3) 6 173.5,170.8, 160.6, 150.8, 145.8, 124.3, 122 4,
109.5, 100.8, 81.6, 67.8, 55.6, 52.6, 52.2, 48.3, 41.5, 32.3, 28.2. HRMS (ESI) calcd for
Cy0HsNNaO; [M+Na]*: 414.1523; found: 414.1523.

3-(tert-butyl) 1,2a-dimethyl 4-fluoro-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (4ja)

Boc
N, . COOMe

COOMe
Pale yellow oil, 77% yield (58.4 mg, crude: > 20:1 dr), 'H NMR (400 MHz, CDCl;) 8

7.00 (m, 2H), 6.92 (dd, J=6.9, 1.8 Hz, 1H),4.17 (d, /= 5.9 Hz, 1H), 3.78 (s, 3H), 3.76
(s, 3H), 3.55—-3.43 (m, 1H), 3.18 (dddd, /= 10.3, 8.3, 6.0, 2.3 Hz, 1H), 2.74 -2.67 (m,
1H), 1.50 (d, J = 2.2 Hz, 9H). 13C NMR (100 MHz, CDCl;) 5 173.2, 170.5, 150.6 (d,
J=58.7Hz), 148.3, 134.8 (d, /= 3.0 Hz), 130.6 (d, J=9.8 Hz), 124.8 (d, /= 7.0 Hz),
119.8 (d,J=3.4Hz), 117.7 (d,J=22.6 Hz), 82.2, 68.1, 52.7,52.3,48.9 (d, /= 1.7 Hz),
40.6, 32.2, 28.1. YF NMR (376 MHz, CDCl;) 6 -114.5. HRMS (ESI) caled for
C19H2FNNaOg [M+Na]*: 402.1323; found: 402.1322.

3-(tert-butyl) 1,2a-dimethyl 4-bromo-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (4ka)
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Br Boc

N, ,COOMe

COOMe
Pale yellow oil, 69% yield (60.6 mg, crude: > 20:1 dr), 'H NMR (400 MHz, CDCl;)

7.45 (d,J=8.1 Hz, 1H), 7.10 (d, J=7.2 Hz, 1H), 6.90 (t, J= 7.7 Hz, 1H), 4.12 (d, J =
5.9 Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 3.43 (ddd, J = 13.7, 8.1, 1.4 Hz, 1H), 3.23 —
3.17 (m, 1H),, 2.69 (ddd, /= 13.7,9.9, 1.1 Hz, 1H), 1.53 (s, 9H). 13C NMR (100 MHz,
CDCl3) 6 173.2,170.6, 150.3,143.5,135.2, 134.1, 125.2, 122.8, 109.7, 82.3, 68.6, 52.8,
52.4, 49.3, 40.2, 31.8, 28.1. HRMS (ESI) calcd for C;oH,,BrNNaOgs [M+Na]*:
462.0523; found: 462.0525.

3-(tert-butyl) 1,2a-dimethyl 7-fluoro-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (4la)

Boc
N ,COOMe

F H
COOMe
Colorless oil, 70% yield (53.1 mg, crude: > 20:1 dr), '"H NMR (400 MHz, CDCl;)

7.71 (d, J=8.3 Hz, 1H), 7.26 — 7.21 (m, 1H), 6.70 (t, /= 8.4 Hz, 1H), 4.37 (d, /= 5.7
Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 3.56 — 3.52 (m, 1H), 3.19 (ddd, J = 10.2, 7.9, 5.7
Hz, 1H), 2.69 (dd, J = 13.5, 10.1 Hz, 1H), 1.47 (s, 9H). 3C NMR (100 MHz, CDCl;)
0 173.0,170.3, 158.4 (d, J=246.7 Hz), 150.6, 146.8, 130.9 (d, /=7.9 Hz), 116.8 (d, J
=22.8 Hz), 110.8 (d, /= 3.4 Hz), 110.1 (d, J = 19.7 Hz), 82.0, 67.7, 52.7, 52.3, 45.5,
40.7, 32.7, 28.2. YF NMR (376 MHz, CDCl;) 6 -118.7. HRMS (ESI) caled for
C19H2FNNaOg [M+Na]*: 402.1323; found: 402.1325.

3-(tert-butyl) 1,2a-dimethyl 7-chloro-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (4ma)

Boc
N, ,COOMe

™ Eoome
Colorless oil, 95% yield (75.1 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) &
7.80 (d, J=8.3 Hz, 1H), 7.19 (t,J = 8.1 Hz, 1H), 6.95 (d, /= 8.0 Hz, 1H), 4.34 (d, J =
5.7 Hz, 1H), 3.77 (s, 3H), 3.76 (s, 3H), 3.56 — 3.46 (m, 1H), 3.18 — 3.10 (ddd, J = 10.2,
7.6, 5.6 Hz, 1H), 2.68 (dd, J = 13.5, 10.2 Hz, 1H), 1.45 (s, 9H). 13C NMR (100 MHz,
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CDCl;3) 6 173.0, 170.3, 150.6, 145.7,130.4, 130.1, 128.7, 123.0, 113.2, 82.0, 66.8, 52.7,
52.2, 47.9, 40.3, 32.9, 28.1. HRMS (ESI) caled for C;9H,,CINNaOg [M+Na]*:
418.1028; found: 408.1031.

3-(tert-butyl) 1,2a-dimethyl 7-methyl-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (4na)

Boc
N, ,COOMe

Me " oome

Pale yellow oil, 87% yield (65.3 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCls)
07.76 (d, J=8.2 Hz, 1H), 7.18 (t, J=8.0 Hz, 1H), 6.82 (d, /= 7.5 Hz, 1H), 4.22 (d, J
= 5.8 Hz, 1H), 3.79 (s, 3H), 3.76 (s, 3H), 3.56 (ddd, J = 13.5, 8.0, 1.5 Hz, 1H), 3.11
(ddd, J=9.5,7.9, 5.8 Hz, 1H), 2.66 (dd, J = 13.5, 10.2 Hz, 1H), 2.23 (s, 3H), 1.47 (s,
9H). 13C NMR (100 MHz, CDCl;) 8 173.5, 171.0, 150.9, 144.2, 134.0, 129.1, 129.0,
124.3,112.4,81.4, 66.7, 52.6, 52.2, 48.0, 40.7, 32.5, 28.2, 18.2. HRMS (ESI) calcd for
CyoHpsNNaOg [M+Na]*: 398.1574; found: 398.1575.

3-(tert-butyl) 1,2a-dimethyl 7-methoxy-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (40a)

Boc
N, .COOMe

H
A0 7 CooMme
Colorless oil, 74% yield (57.9 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) &

7.54 (d,J=8.2 Hz, 1H), 7.22 (t,J=8.2 Hz, 1H), 6.55 (d, /=8.3 Hz, 1H),4.31 (d, J =
5.4 Hz, 1H), 3.80 (s, 3H), 3.77 (s, 3H), 3.75 (s, 3H), 3.53 — 3.44 (m, 1H), 3.10 (ddd, J
=10.3,7.5, 5.4 Hz, 1H), 2.66 (dd, J=13.5, 10.3 Hz, 1H), 1.45 (s, 9H). 13C NMR (100
MHz, CDCl;) 6 173.5, 170.8, 155.7, 150.8, 145.8, 130.5, 117.5, 107.8, 105.7, 81.5,
67.4, 55.4, 52.6, 52.2, 46.3, 40.7, 32.8, 28.2. HRMS (ESI) calcd for C,yH,5sNNaO;
[M+Na]*: 414.1523; found: 414.1522.

3-(tert-butyl) 1,2a-dimethyl 7-(trifluoromethyl)-1,7b-dihydro-3H-
cyclobuta|b]indole-1,2a,3(2H)-tricarboxylate (4pa)

Boc
N, .COOMe

H
CFs™  GCooMme
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Colorless oil, 91% yield (78.1 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6
8.14 (d,J=79 Hz, 1H), 7.37 (t,J= 8.0 Hz, 1H), 7.22 (d, /= 7.8 Hz, 1H), 4.53 —4.47
(m, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 3.48 (ddd, J=13.5, 7.9, 1.3 Hz, 1H), 3.16 (ddd, J =
10.1, 8.0, 5.9 Hz, 1H), 2.70 (dd, J = 13.4, 10.1 Hz, 1H), 1.47 (s, 9H). 3C NMR (100
MHz, CDCl;) 6 172.8, 170.2, 150.6, 146.0, 129.5, 128.0, 126.5 (q, J=32.9 Hz), 123.6
(q,/=273.0 Hz), 119.6 (q, /= 4.0 Hz), 118.2, 82.2, 67.1, 52.8, 52.2,47.3,41.1, 32.7,
28.1. F NMR (376 MHz, CDCl3) 6 -61.8. HRMS (ESI) calcd for CyyH,,F3NNaOg
[M+Na]": 452.1291; found: 452.1290.

3-(tert-butyl) 1,2a-dimethyl S5,7-difluoro-1,7b-dihydro-3H-cyclobuta|b]indole-

1,2a,3(2H)-tricarboxylate (4qa)

E Boc
N, .COOMe

F COOMe

Colorless oil, 80% yield (63.5 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) &
7.51(d,J=10.9 Hz, 1H), 6.44 (td, J=9.0, 2.2 Hz, 1H), 4.31 (d, /= 5.8 Hz, 1H), 3.77
(s, 3H), 3.77 (s, 3H), 3.50 (ddd, /= 13.7, 8.0, 1.4 Hz, 1H), 3.16 (ddd, J=10.1, 8.0, 5.8
Hz, 1H), 2.68 (dd, J=13.6, 10.1 Hz, 1H), 1.45 (s, 9H). 3C NMR (100 MHz, CDCl5)
0172.8,170.0, 159.0 (d, /= 14.8 Hz), 156.6 (d, J = 14.7 Hz), 150.4, 147.4, 112.4 (d, J
= 24.5 Hz), 99.6 (dd, J = 29.4, 3.7 Hz), 98.2 (t, J = 25.9 Hz), 82.5, 68.3, 52.8, 52.3,
45.0, 40.8, 32.6, 28.1. F NMR (376 MHz, CDCl;) 6 -108.1, -115.3. HRMS (ESI)
calcd for C9H, F,NNaOg [M+Na]™: 420.1229; found: 420.1231.

3-(tert-butyl) 1,2a-dimethyl 5,7-dichloro-1,7b-dihydro-3H-cyclobuta|b]indole-

1,2a,3(2H)-tricarboxylate (4ra)

Boc
Cl N. COOMe

¢ M Loome

Olivine oil, 75% yield (64.4 mg, crude: > 20:1 dr), '"H NMR (400 MHz, CDCl;) 6 7.89
(s, 1H), 6.99 (s, 1H), 4.31 (d, J= 5.7 Hz, 1H), 3.79 (s, 6H), 3.57 — 3.47 (m, 1H), 3.20 —
3.10 (m, 1H), 2.69 (dd, J = 13.6, 10.2 Hz, 1H), 1.46 (s, 9H). 13C NMR (100 MHz,
CDCl3) 6 172.8,169.9, 150.4, 146.3, 135.7,130.3, 127.4, 122.8, 114.0, 82.6, 67.4, 52.8,
52.3, 474, 403, 32.8, 28.1. HRMS (ESI) calcd for C;oH;;Cl,NNaOg [M+Na]*:
452.0638; found: 452.0643.

3-(tert-butyl) 2a-ethyl 1-methyl 1,7b-dihydro-3H-cyclobuta/b/indole-1,2a,3(2H)-
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tricarboxylate (5aa)

Boc
N, .COOEt

COOMe

Colorless oil, 88% yield (66.0 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) &
7.94 (d,J=8.2 Hz, 1H), 7.29 — 7.23 (m, 1H), 7.15 (d, /= 7.4 Hz, 1H), 7.00 (t, J=7.5
Hz, 1H), 4.21 (m, 3H), 3.78 (s, 3H), 3.52 (q,J=7.9, 7.3 Hz, 1H), 3.16 — 3.08 (m, 1H),
2.66 (dd, J=13.4,10.1 Hz, 1H), 1.48 (s, 9H), 1.27 (t, J= 7.1 Hz, 3H).13C NMR (100
MHz, CDCl;) 6 173.4, 170.3, 150.9, 144.6, 130.6, 128.8, 124.0, 123.1, 115.0, 81.5,
66.8, 61.7, 52.2, 48.9, 41.3, 32.5, 28.2, 14.2. HRMS (ESI) calcd for C,oH,sNNaOg
[M+Na]": 398.1574; found: 398.1577.

3-(tert-butyl) 2a-ethyl 1-methyl 6-fluoro-1,7b-dihydro-3H-cyclobuta|b]indole-
1,2a,3(2H)-tricarboxylate (Sba)

Boc
N ,COOEt

COOMe

Colorless oil, 94% yield (73.9 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) &
7.88 (dd, J=9.0, 4.6 Hz, 1H), 6.95 (t, J= 8.9 Hz, 1H), 6.86 (dd, J=17.9, 2.7 Hz, 1H),
4.24 —4.20 (m, 2H), 4.17 (d, J= 6.0 Hz, 1H), 3.78 (s, 3H), 3.50 (dd, J = 13.5, 8.0 Hz,
1H), 3.19 -3.09 (m, 1H), 2.66 (dd, J=13.5, 10.1 Hz, 1H), 1.47 (s, 9H), 1.27 (t,J=7.0
Hz, 3H). 3C NMR (100 MHz, CDCl;) 6 173.1, 170.0, 159.0 (d, /= 241.2 Hz), 150.8,
140.7,132.1 (d,/J=8.4 Hz), 115.6 (d, /= 8.1 Hz), 114.9 (d,J=22.8 Hz), 111.4 (d, J =
24.4 Hz), 81.7, 67.2, 61.8, 52.3, 48.5, 41.1, 32.5, 28.2, 14.2. F NMR (376 MHz,
CDCl;) 6 -120.5. HRMS (ESI) calcd for CyoHpsFNNaOg [M+Na]*: 416.1480; found:
416.1480.

3-(tert-butyl) 2a-ethyl 1-methyl 6-chloro-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (5ca)

Boc
N. ,COOEt

Cl

COOMe
Colorless oil, 91% yield (74.5 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6
7.86 (d, J=8.7 Hz, 1H), 7.25 - 7.18 (m, 1H), 7.11 (d, J=2.2 Hz, 1H), 4.29 —4.18 (m,
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2H), 4.17 (d, /= 6.0 Hz, 1H), 3.78 (s, 3H), 3.50 (dd, /= 13.4, 8.1 Hz, 1H), 3.13 (ddd,
J=9.38,8.1,5.9 Hz, 1H), 2.66 (dd, J=13.5, 10.2 Hz, 1H), 1.47 (s, 9H), 1.27 (t,J=7.1
Hz, 3H). 13C NMR (100 MHz, CDCl3) 6 173.1, 169.8, 150.7, 143.4, 132.3, 128.6,
127.8, 124.2 115.9, 81.9, 67.2, 61.8, 52.3, 48.4, 41.1, 32.5, 28.2, 14.2. HRMS (ESI)
calcd for CyoH,4CINNaOg [M+Na]*: 432.1184; found: 432.1185.

3-(tert-butyl) 2a-ethyl 1-methyl 6-bromo-1,7b-dihydro-3H-cyclobuta|b]indole-
1,2a,3(2H)-tricarboxylate (5da)

Boc
N ,COOEt

Br

COOMe
Colorless oil, 94% yield (85.2 mg, crude: > 20:1 dr), "TH NMR (400 MHz, CDCl;) 6

7.82 (d, J=8.7 Hz, 1H), 7.40 — 7.34 (m, 1H), 7.31 — 7.14 (m, 1H), 4.31 —4.20 (m, 2H),
4.17 (d, J= 6.1 Hz, 1H), 3.78 (s, 3H), 3.50 (dd, J = 13.4, 8.1 Hz, 1H), 3.13 (ddd, J =
9.9, 8.1, 5.8 Hz, 1H), 2.71 — 2.57 (m, 1H), 1.47 (s, 9H), 1.27 (t, J= 7.1 Hz, 3H). 3C
NMR (100 MHz, CDCl;) 6 173.1, 169.8, 150.7, 143.9, 132.7, 131.5, 127.0, 116.4,
115.2, 81.9, 67.1, 61.8, 52.3, 48.4, 41.2, 32.5, 28.2, 14.7. HRMS (ESI) calcd for
Cy0H24BrNNaOg [M+Na]*: 476.0679; found: 476.0680.

3-(tert-butyl) 2a-ethyl 1-methyl 6-methyl-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (Sea)

Boc
N, ,COOEt

Me

COOMe
Pale yellow oil, 79% yield (61.5 mg, crude: > 20:1 dr), '"H NMR (400 MHz, CDCl) 6

7.80 (d, J= 8.2 Hz, 1H), 7.07 (d, J = 8.4 Hz, 1H), 6.97 (d, J = 1.8 Hz, 1H), 4.23 (m,
2H), 4.16 (d, J = 5.6 Hz, 1H), 3.78 (s, 3H), 3.53 — 3.42 (m, 1H), 3.11 (ddd, J = 10.1,
8.0, 5.8 Hz, 1H), 2.64 (dd, J=13.4, 10.1 Hz, 1H), 2.31 (s, 3H), 1.47 (s, 9H), 1.27 (t,J
= 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) § 173.5, 170.3, 150.9, 142.2, 132.7,
130.6, 129.2, 124.6, 114.6, 81.3, 66.9, 61.6, 52.2, 48.9, 41.3, 32.4, 28.2, 20.8, 14.2.
HRMS (ESI) calcd for C,1H,7NNaOg [M+Na]*: 412.1731; found: 412.1732.
3-(tert-butyl) 2a-ethyl 1-methyl 6-methoxy-1,7b-dihydro-3H-cyclobuta|b]indole-
1,2a,3(2H)-tricarboxylate (5fa)
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Boc
N, ,COOEt

MeO

COOMe
Colorless oil, 87% yield (70.5 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6

7.82 (d, J= 8.8 Hz, 1H), 6.78 (dd, J = 8.8, 2.7 Hz, 1H), 6.71 (d, J = 2.6 Hz, 1H), 4.21
(q, /J=7.1 Hz, 2H), 4.16 (d, J = 5.7 Hz, 1H), 3.77 (s, 6H), 3.48 (dd, J = 13.4, 7.9 Hz,
1H), 3.12 (ddd, J = 10.1, 7.9, 5.8 Hz, 1H), 2.64 (dd, J = 13.4, 10.1 Hz, 1H), 1.46 (s,
9H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl;) 6 173.4, 170.3, 156.0,
150.8, 138.1, 131.8, 115.4, 113.4, 110.2, 81.2, 67.0, 61.7, 55.7, 52.2, 48.9, 41.2, 32.3,
28.2, 14.2. HRMS (ESI) calcd for C,;H,;NNaO; [M+Na]*: 428.1680; found: 428.1682.
3-(tert-butyl) 2a-ethyl 1-methyl 6-(trifluoromethyl)-1,7b-dihydro-3H-
cyclobuta|b]indole-1,2a,3(2H)-tricarboxylate (5ga)

Boc
N. ,COOEt

FsC

COOMe
Colorless oil, 91% yield (80.7 mg, crude: > 20:1 dr), 'H NMR (400 MHz, CDCl;) 6
8.01 (d,J=8.5Hz, 1H), 7.54 — 7.49 (m, 1H), 7.37 (d, /= 1.9 Hz, 1H), 4.32 — 4.16 (m,
3H), 3.78 (s, 3H), 3.54 — 3.48 (m, 1H), 3.14 (ddd, /= 10.1, 8.1, 5.9 Hz, 1H), 2.69 (dd,
J=13.5,10.1 Hz, 1H), 1.47 (s, 9H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz,
CDCl;) 6 173.0, 169.6, 150.6, 147.6, 131.2, 126.4 (q, J = 4.2 Hz), 125.1 (q, J = 32.6
Hz), 124.2 (q,J=271.6 Hz), 121.1,114.7,82.3,67.3,61.9, 52.3, 48.3, 41.1, 32.6, 28.1,
14.1. F NMR (376 MHz, CDCl;) 6 -61.6. HRMS (ESI) calcd for Cy;H,4F3;NNaOg
[M+Na]": 466.1448; found: 466.1449.
3-(tert-butyl) 2a-ethyl 1-methyl 5-bromo-1,7b-dihydro-3H-cyclobuta|b]indole-
1,2a,3(2H)-tricarboxylate (Sha)

Boc
Br N COOEt

COOMe
Colorless oil, 65% yield (58.9 mg, crude: > 20:1 dr), "TH NMR (400 MHz, CDCl;) 6

8.13 (s, 1H), 7.11 (dd, J = 7.9, 2.0 Hz, 1H), 7.03 — 6.95 (m, 1H), 4.22 (pd, J = 7.3, 3.8
Hz, 2H), 4.14 (d,J= 5.7 Hz, 1H), 3.76 (s, 3H), 3.52 — 3.44 (m, 1H), 3.09 (ddd, /= 10.1,
8.1, 5.8 Hz, 1H), 2.64 (dd, J= 13.6, 10.0 Hz, 1H), 1.46 (s, 9H), 1.26 (t, J= 7.2 Hz, 3H).
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13C NMR (100 MHz, CDCl3) 8 173.1, 169.8, 150.6, 145.9, 129.6, 126.0, 125.0, 122.6
118.2, 82.1, 67.4, 61.8, 52.2, 48.4, 41.2, 32.5, 28.2, 14.2. HRMS (ESI) calcd for
CyoH4BrNNaOg [M+Na]*: 476.0679; found: 476.0682.

3-(tert-butyl) 2a-ethyl 1-methyl 5-(trifluoromethyl)-1,7b-dihydro-3 H-
cyclobuta|b]indole-1,2a,3(2H)-tricarboxylate (5ia)

Boc
F3C N COOEt

COOMe
Colorless oil, 80% yield (70.9 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6

8.21 (s, 1H), 7.28 — 7.18 (m, 2H), 4.29 — 4.17 (m, 3H), 3.78 (s, 3H), 3.55 — 3.49 (m,
1H), 3.13 (ddd, J = 10.1, 8.1, 5.9 Hz, 1H), 2.69 (dd, J = 13.7, 10.0 Hz, 1H), 1.48 (s,
9H), 1.27 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) & 173.0, 169.7, 150.7,
145.2, 134.3, 131.2 (q, J = 32.3 Hz), 124.2, 124.1 (d, J = 272.5 Hz), 120.2 (d, /= 4.0
Hz), 111.9 (d,/J=4.0 Hz), 82.2, 67.2,61.9, 52.3, 48.5, 41.1,32.7,28.3, 14.2. F NMR
(376 MHz, CDCl;) & -62.31. HRMS (ESI) caled for C,Hy4F3;NNaOg [M+Na]*:
466.1448; found: 466.1450.

3-(tert-butyl) 2a-ethyl 1-methyl 7-bromo-1,7b-dihydro-3H-cyclobuta|b]indole-
1,2a,3(2H)-tricarboxylate (5ja)

Boc
N. .COOEt

H
Br ™ CooMme
Colorless oil, 76% yield (68.9 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) &

7.89 —7.83 (m, 1H), 7.17—7.05 (m, 2H), 4.29 (d, /= 5.4 Hz, 1H), 4.27 — 4.16 (m, 2H),
3.78 (s, 3H), 3.52 — 3.45 (m, 1H), 3.15 (ddd, /= 10.3, 7.4, 5.4 Hz, 1H), 2.73 — 2.63 (m,
1H), 1.46 (s, 9H), 1.29 (t,J=7.1 Hz, 3H). 3C NMR (100 MHz, CDCl3) 5 173.0, 169.8,
150.7, 145.5, 130.8, 130.5, 125.9, 118.7, 113.8, 82.0, 66.5, 61.9, 52.2, 49.5, 40.3, 33.0,
28.2, 14.2. HRMS (ESI) caled for CyyH;4BrNNaOg [M+Na]™: 476.0679; found:
476.0677.

3-(tert-butyl) 2a-ethyl 1-methyl 5,6-dimethoxy-1,7b-dihydro-3H-
cyclobuta|b]indole-1,2a,3(2H)-tricarboxylate (5ka)
Boc
MeO N_,COOEt
MeO
COOMe
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Colorless oil, 38% yield (33.1 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6
7.66 (s, 1H), 6.69 (s, 1H), 4.27 —4.17 (m, 2H), 4.15 (d, J = 5.6 Hz, 1H), 3.94 (s, 3H),
3.84 (s, 3H), 3.78 (s, 3H), 3.48 (ddd, J=13.5, 7.7, 1.5 Hz, 1H), 3.10 (ddd, /= 10.2, 7.7,
5.5 Hz, 1H), 2.64 (ddd, J = 13.5, 10.3, 1.1 Hz, 1H), 1.47 (s, 9H), 1.28 (t, J = 7.1 Hz,
3H). 3C NMR (100 MHz, CDCl;)  173.5, 170.3, 150.9, 149.3, 145.1, 138.4, 121.1,
107.5,99.9,81.3,67.4,61.7,56.4,56.1,52.2,48.9, 41.5,32.3, 28.3, 14.2. HRMS (ESI)
calcd for Cp,H,9NNaOg [M+Na]*: 458.1785; found: 458.1786..

3-(tert-butyl) 2a-ethyl 1-methyl 4,6-dichloro-1,7b-dihydro-3H-cyclobuta|b]indole-
1,2a,3(2H)-tricarboxylate (Sla)

¢l Boc

N _,COOEt

Cl

COOMe
Pale green oil, 40% yield (35.4 mg, crude: > 20:1 dr), 'H NMR (400 MHz, CDCl;) &

7.27 (d,J=2.1 Hz, 1H), 7.04 (dd, J= 2.1, 0.8 Hz, 1H), 4.29 — 4.16 (m, 2H), 4.07 (d, J
= 6.0 Hz, 1H), 3.79 (s, 3H), 3.42 (ddd, J=13.7, 8.2, 1.3 Hz, 1H), 3.21 (ddd, J = 10.0,
8.2,6.0 Hz, 1H), 2.68 (ddd, J=13.6,9.9, 1.1 Hz, 1H), 1.51 (s, 9H), 1.28 (t, /= 7.1 Hz,
3H). 3C NMR (100 MHz, CDCl;) 8 172.9, 169.7, 150.1, 140.8, 136.3, 130.4, 129.2,
122.7,122.0, 82.5, 69.0, 61.8, 52.4, 48.8, 40.0, 31.8, 28.0, 14.1. HRMS (ESI) calcd for
Cy0H23C1LNNaOg [M+Na]™: 466.0794; found: 466.0797.

dimethyl 1,7b-dihydrocyclobuta[b]benzofuran-1,2a(2 H)-dicarboxylate (Sma)

O _,COOMe

COOMe
Colorless oil, 87% yield (45.6 mg, crude: > 20:1 dr), '"H NMR (400 MHz, CDCl;) 6

7.35 - 7.14 (m, 2H), 6.94 (d, J = 7.4 Hz, 2H), 4.45 (t, J = 3.5 Hz, 1H), 3.81 (s, 3H),
3.78 (s, 3H), 3.25 — 3.11 (m, 2H), 2.79 (td, J = 13.5, 6.6 Hz, 1H). 13C NMR (100
MHz, CDCl3) 6 173.2,170.2,160.6, 129.3,128.2,124.7,121.9,110.7, 86.1, 52.8, 52.3,
50.3, 41.8, 34.8. HRMS (ESI) calcd for C4H;4NaOs [M+Na]": 263.0914; found:
263.0916.

3-(tert-butyl) 1-ethyl 2a-methyl 1,7b-dihydro-3H-cyclobuta[b]indole-1,2a,3(2H)-

tricarboxylate (6aa)
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Boc
N ,COOMe

H
o” "OEt

Colorless oil, 84% yield (63.0 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) &
7.94 (d, J=8.1 Hz, 1H), 7.31 — 7.24 (m, 1H), 7.14 (d, J= 7.4 Hz, 1H), 7.00 (t, J= 7.4
Hz, 1H), 4.31 — 4.16 (m, 3H), 3.75 (s, 3H), 3.50 (ddd, J=13.5, 8.1, 1.3 Hz, 1H), 3.10
(ddd, J=10.1, 8.1, 5.8 Hz, 1H), 2.66 (dd, J = 13.4, 10.1 Hz, 1H), 1.47 (s, 9H), 1.32 (t,
J=7.1 Hz, 3H). 3C NMR (100 MHz, CDCl3) 5 173.0, 170.8, 150.9, 144.5, 130.6,
128.8, 124.0, 123.1, 114.9, 81.5, 66.8, 61.0, 52.6, 48.9, 41.4, 32.5, 28.2, 14.2. HRMS
(ESI) calcd for C,0HysNNaOg [M+Na]*: 398.1574; found: 398.1574.

3-(tert-butyl) 1-butyl 2a-methyl 1,7b-dihydro-3H-cyclobuta[b]indole-1,2a,3(2H)-
tricarboxylate (6ab)

Boc
N. ,COOMe

H
o” “On-Bu
Colorless oil, 70% yield (56.4 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6
7.94 (d,J=8.2 Hz, 1H), 7.28 — 7.20 (m, 1H), 7.13 (dd, J= 7.3, 0.9 Hz, 1H), 6.99 (td, J
=7.5,0.7Hz, 1H), 4.21 (d, J= 5.4 Hz, 1H), 4.18 (t, J = 6.5 Hz, 2H), 3.75 (s, 3H), 3.51
(ddd, J=13.4, 8.1, 1.4 Hz, 1H), 3.11 (ddd, J = 10.1, 8.1, 5.9 Hz, 1H), 2.66 (dd, J =
13.6, 9.8 Hz, 1H), 1.71 — 1.64 (m, 2H), 1.47 (s, 9H), 1.44 — 1.37 (m, 2H), 0.97 (t, J =
7.4 Hz, 3H). 13C NMR (100 MHz, CDCls) 6 173.0, 170.8, 150.9, 144.5, 130.6, 128.8,
123.9, 123.1, 114.9, 81.5, 66.8, 64.9, 52.6, 48.9, 41.5, 32.5, 30.6, 28.2, 19.1, 13.7.
HRMS (ESI) calcd for C;,H,9NNaOg [M+Na]*: 426.1887; found: 426.1888.
1,3-di-tert-butyl  2a-methyl 1,7b-dihydro-3H-cyclobuta[b]indole-1,2a,3(2H)-
tricarboxylate (6ac)

Boc
N ,COOMe

H
o Ot-Bu

Colorless oil, 94% yield (72.8 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6
7.92 (d,J=8.2 Hz, 1H), 7.24 (t, J="7.8 Hz, 1H), 7.12 (d, /= 7.3 Hz, 1H), 6.98 (t, J =
7.5 Hz, 1H), 4.15 (d, J= 5.8 Hz, 1H), 3.73 (s, 3H), 3.47 — 3.39 (m, 1H), 3.01 (ddd, J =
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10.0, 8.0, 5.8 Hz, 1H), 2.61 (dd, /= 13.4, 10.1 Hz, 1H), 1.50 (s, 9H), 1.46 (s, 9H). 13C
NMR (100 MHz, CDCl) 6 172.2, 170.8, 150.9, 144.5, 130.8, 128.6, 123.9, 123.0,
114.9, 81.4, 81.1, 66.7, 52.5, 49.0, 42.4, 32.6, 28.2, 28.0. HRMS (ESI) calcd for
CH2oNNaOg [M+Na]": 426.1887; found: 426.1890.

3-(tert-butyl) 2a-methyl 1-phenyl 1,7b-dihydro-3H-cyclobuta[b]indole-1,2a,3(2H)-
tricarboxylate (6ad)

Boc
N ,COOMe

H
o” “OPh

Colorless oil, 70% yield (59.2 mg, crude: > 20:1 dr), "TH NMR (400 MHz, CDCl;) 6
8.00 (d, J=8.1 Hz, 1H), 7.48 — 7.37 (m, 2H), 7.35 - 7.25 (m, 2H), 7.22 (d, /= 6.7 Hz,
1H), 7.20 — 7.14 (m, 2H), 7.04 (t, J = 7.5 Hz, 1H), 4.39 (d, J = 5.7 Hz, 1H), 3.79 (s,
3H), 3.76 — 3.65 (m, 1H), 3.40 (ddd, /= 10.0, 7.9, 5.7 Hz, 1H), 2.82 (dd, J=13.6, 10.0
Hz, 1H), 1.51 (s, 9H). 3C NMR (100 MHz, CDCl3) & 171.5, 170.7, 150.8, 150.6,
144.5, 130.2, 129.5, 129.0, 126.0, 124.1, 123.2, 121.4, 115.0, 81.7, 66.8, 52.7, 49.0,
41.6, 32.8, 28.3. HRMS (ESI) caled for C,4H,sNNaOg [M+Na]*: 446.1574; found:
446.1576.

1-benzyl 3-(tert-butyl) 2a-methyl 1,7b-dihydro-3H-cyclobuta|b]indole-1,2a,3(2H)-
tricarboxylate (6ae)

Boc
N ,COOMe

H
o” "OBn

Colorless oil, 36% yield (31.5 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) &
7.95 (d, J= 8.1 Hz, 1H), 7.45 — 7.35 (m, 5H), 7.31 — 7.23 (m, 1H), 7.13 (dd, J = 7.3,
1.2 Hz, 1H), 7.00 (t,J= 7.4 Hz, 1H), 5.29 — 5.14 (m, 2H), 4.26 (d, /= 5.9 Hz, 1H), 3.75
(s, 3H), 3.61 — 3.51 (m, 1H), 3.18 (ddd, /= 10.1, 8.1, 5.8 Hz, 1H), 2.69 (dd, J = 13.4,
10.0 Hz, 1H), 1.49 (s, 9H). 13C NMR (100 MHz, CDCl3) 6 172.8, 170.7, 150.8, 144.5,
135.8, 130.4, 128.8, 128.6, 128.4, 128.1, 124.0, 123.1, 115.0, 81.6, 66.8, 52.6, 48.9,
41.4,39.0,32.5,28.2. HRMS (ESI) calcd for C,sH,7;NNaOg [M+Na]*: 460.1730; found:
460.1732.

3-(tert-butyl) 1-(2-hydroxyethyl) 2a-methyl 1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (6af)
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Boc

N ,COOMe
H OH
5 O/\/

Colorless oil, 45% yield (35.2 mg, crude: > 20:1 dr), "TH NMR (400 MHz, CDCl;) 6
797 —17.87 (m, 1H), 7.32 — 7.21 (m, 1H), 7.19 — 7.10 (m, 1H), 7.05 — 6.94 (m, 1H),
4.37 —-4.22 (m, 3H), 3.89 —3.84 (m, 2H), 3.74 (s, 3H), 3.51 (dd, J = 14.2, 8.0 Hz, 1H),
3.17 - 3.11 (m, 1H), 2.80 — 2.63 (m, 2H), 1.46 (s, 9H). 13C NMR (100 MHz, CDCl;)
0 173.1,171.2, 150.8, 144.3, 130.2, 128.9, 124.2, 123.2, 115.0, 81.7, 66.8, 66.6, 60.9,
52.7,48.8,41.5,32.8, 28.2. HRMS (ESI) calcd for CyoH,sNNaO; [M+Na]*": 414.1523;
found: 414.1524.

3-(tert-butyl) 1-(2-methoxyethyl) 2a-methyl 1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (6ag)

Boc
N, .COOMe

HY ~_o~

o~ O

Colorless oil, 77% yield (62.4 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;)
7.92 (d,J=8.2 Hz, 1H), 7.25 (t,J= 7.8 Hz, 1H), 7.13 (d, /= 7.5 Hz, 1H), 6.98 (t, J =
7.5Hz, 1H),4.31 (q,J=4.8 Hz, 2H), 4.22 (d, /= 6.0 Hz, 1H), 3.73 (s, 3H), 3.65 - 3.60
(m, 2H), 3.50 (dd, J=13.5, 8.0 Hz, 1H), 3.40 (s, 3H), 3.18 - 3.12 (m, 1H), 2.72 — 2.62
(m, 1H), 1.46 (s, 9H). 3C NMR (100 MHz, CDCl;) 6 173.0, 170.7, 150.8, 144.5,
130.4, 128.8, 124.0, 123.1, 114.9, 81.5, 70.4, 66.8, 64.0, 59.0, 52.6, 48.8, 41.3, 32.5,
28.2. HRMS (ESI) calcd for C;;H,7;NNaO; [M+Na]*: 428.1680; found: 426.1682.
3-(tert-butyl) 1,2a-dimethyl 1-fluoro-1,7b-dihydro-3H-cyclobuta[b]indole-
1,2a,3(2H)-tricarboxylate (6ah)

Colorless oil, 91% yield (69.0 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) &
7.94 (s, 1H), 7.33 (t,J = 7.8 Hz, 1H), 7.15 (d, J = 7.4 Hz, 1H), 7.04 (t,J = 7.4 Hz, 1H),
4.62 (dd, J =17.5,3.0 Hz, 1H), 3.97 — 3.89 (m, 4H), 3.80 (s, 3H), 2.78 — 2.69 (m, 1H),
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1.48 (s, 9H).13C NMR (100 MHz, CDCl;) & 170.1, 169.4 (d, J = 27.6 Hz), 150.3,
145.1, 129.6, 126.5, 123.2, 115.1, 90.8, 88.6, 82.0, 63.1, 54.3 (d, J = 25.2 Hz), 53.0 (d,
J = 30.8 Hz), 41.3 (d, J = 25.4 Hz), 28.2. F NMR (376 MHz, CDCl;) 6 -162.5.
HRMS (ESI) calcd for C;9H,FNNaOg [M+Na]*: 402.1323; found: 402.1321.

3-(tert-butyl) 1,2a-dimethyl  1-methyl-1,7b-dihydro-3H-cyclobuta[b]indole-

1,2a,3(2H)-tricarboxylate (6ai)

Boc
N ,COOMe

H |'Me
o” OMe

Colorless oil, 86% yield (64.5 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) &
791 (d, J=8.1 Hz, 1H), 7.26 (t,J= 7.8 Hz, 1H), 7.08 (d, /= 7.1 Hz, 1H), 6.99 (t, J =
7.5 Hz, 1H), 4.39 (s, 1H), 3.79 (s, 3H), 3.73 (s, 3H), 3.69 (dd, J = 13.7, 2.0 Hz, 1H),
2.18 (d, J=13.8 Hz, 1H), 1.44 (s, 9H), 1.05 (s, 3H). 3C NMR (100 MHz, CDCl;) &
176.8, 171.2, 150.8, 145.2, 128.8, 127.1, 125.7, 122.9, 114.8, 81.4, 64.8, 52.6, 52.5,
52.0,43.4,40.4,28.2,21.4. HRMS (ESI) calcd for C,0H,sNNaOg [M+Na]*: 398.1574;
found: 398.1574.
3-(tert-butyl) 1-ethyl 2a-methyl 1-methyl-1,7b-dihydro-3H-cyclobuta|b]indole-
1,2a,3(2H)-tricarboxylate (6aj)

Boc
N ,COOMe

H |'Me
o” "OEt

Colorless oil, 84% yield (65.4 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6
791 (d, J=8.2 Hz, 1H), 7.25 (t,J= 7.7 Hz, 1H), 7.07 (d, /= 6.8 Hz, 1H), 6.99 (t, J =
7.4 Hz, 1H), 4.39 (s, 1H), 4.23 (q, /= 7.1 Hz, 2H), 3.72 (s, 3H), 3.67 (dd, J=13.7, 2.0
Hz, 1H), 2.18 (d, J=13.7 Hz, 1H), 1.44 (s, 9H), 1.31 (t, /= 7.1 Hz, 3H), 1.05 (s, 3H).
I3C NMR (100 MHz, CDCl3) 6 176.4, 171.2, 150.8, 145.2, 128.8, 127.2, 125.7, 122.8,
114.8, 81.4, 64.7, 61.2, 52.5, 52.0, 43.4, 40.4, 28.2, 21.4, 14.2. HRMS (ESI) calcd for
C,1Hy7NNaOg [M+Na]*: 412.1730; found: 412.1731.

3-(tert-butyl) 2a-methyl 1-(3-ethoxy-3-oxopropyl)-1,7b-dihydro-3H-
cyclobuta|b]indole-2a,3(2H)-dicarboxylate (6ak)
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Boc
N, ,COOMe

I ©

OEt
Colorless oil, 84% yield (67.7 mg, crude: 7:1 dr),'H NMR (400 MHz, CDCl;) & 7.92

(d,J =8.1 Hz, 1H), 7.31 — 7.19 (m, 1H), 7.05 (d, J= 7.1 Hz, 1H), 6.97 (t, /= 7.4 Hz,
1H), 4.14 (q, J = 7.0 Hz, 2H), 3.74 (m, 3H), 3.55 (br d, J= 5.3 Hz, 1H), 2.92 (br dd, J
=13.3, 7.4 Hz, 1H), 2.51 (dd, J=13.3, 9.1 Hz, 1H), 2.36 — 2.27 (m, 3H), 2.14 — 1.86
(m, 2H), 1.47 (s, 9H), 1.26 (t, J= 7.2 Hz, 3H).13C NMR (100 MHz, CDCl;)  173.0,
172.0,151.0, 144.3, 132.0, 128.2, 123.5, 122.9, 114.9, 81.2, 66.6, 60.5, 52.4, 51.5, 38.7,
34.7,31.9, 30.8, 28.2, 14.2. HRMS (ESI) calcd for Cy,H,gNNaOg [M+Na]*: 426.1887;
found: 426.1888.

3-(tert-butyl) 2a-methyl 1-(4-methoxy-4-oxobutyl)-1,7b-dihydro-3 H-
cyclobuta[b]indole-2a,3(2H)-dicarboxylate (6al)

Boc
N, ,COOMe

H o)
OMe

Colorless oil, 64% yield (55.1 mg, crude: 9:1 dr), '"H NMR (400 MHz, CDCl3) 6 7.92
(d, J=8.1 Hz, 1H), 7.22 (t,J = 7.9 Hz, 1H), 7.04 (d, J= 7.3 Hz, 1H), 6.96 (t,J=7.3
Hz, 1H), 3.72 (s, 3H), 3.70 (s, 3H), 3.52 (d, /= 5.4 Hz, 1H), 2.89 (dd, /= 13.2, 7.5 Hz,
1H), 2.49 (dd, J=13.2, 9.1 Hz, 1H), 2.38 — 2.29 (m, 2H), 2.31 — 2.17 (m, 1H), 1.73 —
1.55 (m, 4H), 1.46 (s, 9H). 3C NMR (100 MHz, CDCl;) 6 173.8, 172.0, 151.0, 144.3,
132.3, 128.1, 123.4, 122.9, 114.8, 81.1, 66.7, 52.4, 51.8, 51.5, 39.0, 35.2, 34.8, 33.7,
28.2,22.3. HRMS (ESI) calcd for C,,H9NNaOg [M+Na]*: 426.1887; found: 426.1891.
3-(tert-butyl) 2a-methyl 1-acetoxy-1,7b-dihydro-3H-cyclobuta[b]indole-2a,3(2H)-
dicarboxylate (6am)

Boc
N ,COOMe

H O\(O

Colorless oil, 52% yield (37.6 mg, crude: 1.5:1 dr), 'H NMR (400 MHz, CDCl3) 6 7.92
(d, J=8.1 Hz, 1H), 7.32 — 7.24 (m, 2H), 7.03 (t, /= 7.4 Hz, 1H), 6.99 (d, J = 4.3 Hz,
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1H), 4.77 (ddd, J = 7.8, 6.0, 3.8 Hz, 1H), 3.80 (s, 1H), 3.76 (s, 2H), 3.49 — 3.37 (m,
1H), 2.83 (dd, /= 14.3, 7.8 Hz, 1H), 2.14 (s, 3H), 1.48 (s, 9H). 13C NMR (100 MHz,
CDCl3) 6 170.6,170.4,150.8, 144.4,129.0, 124.8,123.2, 115.1, 114.8, 81.5,71.9, 67.0,
55.0, 52.7,37.0, 28.2, 20.9. HRMS (ESI) calcd for C,9H,3;NNaOg [M+Na]*: 384.1417;
found: 384.1418.

3-(tert-butyl) 2a-methyl 1-(2-chloroacetoxy)-1,7b-dihydro-3H-cyclobuta|b]indole-
2a,3(2H)-dicarboxylate (6an)

Boc
N, ,COOMe

H 0

e
Cl

Colorless oil, 35% yield (27.7 mg, crude: 1.6:1 dr), '"H NMR (400 MHz, CDCl3) 5 7.93
(d, J=8.1 Hz, 1H), 7.35 - 7.25 (m, 2H), 7.04 (t, J= 7.4 Hz, 1H), 7.01 — 6.91 (m, 1H),
4.87 (ddd, J=17.8, 5.8, 3.8 Hz, 1H), 4.16 (s, 2H), 3.81 (s, 1H), 3.77 (s, 2H), 3.47 (ddd,
J=14.3,5.9,2.1 Hz, 1H), 2.87 (dd, J=14.6, 7.8 Hz, 1H), 1.48 (s, 9H). 3C NMR (100
MHz, CDCl;) 6 171.0, 166.8, 150.7, 144.4, 129.2, 127.7, 125.0, 123.3, 115.2, 81.7,
73.5, 64.6, 54.8, 52.8, 40.4, 36.8, 28.2. HRMS (ESI) caled for C;9H,,CINNaOg
[M+Na]*: 418.1028; found: 418.1031.

3-(tert-butyl) 2a-methyl 4'-oxospiro[cyclobuta[b]indole-1,2'-0xetane]-
2a,3(2H,7bH)-dicarboxylate (6a0)

Colorless oil, 48% yield (34.5 mg, crude: 5:1 dr), 'TH NMR (400 MHz, CDCl) 6 7.95
(d, J=8.2Hz, 1H), 7.37 - 7.25 (m, 1H), 7.17 (d, J= 7.3 Hz, 1H), 7.07 (t, J = 7.5 Hz,
1H), 4.43 (s, 1H), 3.94 (dd, J=15.0, 2.5 Hz, 1H), 3.80 (s, 3H), 3.12 (d, /= 2.9 Hz, 2H),
2.89-2.79 (m, 1H), 1.48 (s, 9H). 13C NMR (100 MHz, CDCl;) 6 170.1, 166.1, 150.6,
144.6, 129.8, 125.6, 125.0, 123.5, 115.5, 82.1, 77.5, 63.5, 56.2, 53.5, 44.6, 41.8, 28.2.
HRMS (ESI) calcd for C9H;;NNaOg [M+Na]*: 382.1261; found: 382.1263.
3-(tert-butyl) 2a-methyl 1-(acetoxymethyl)-1,7b-dihydro-3H-cyclobuta[b]indole-
2a,3(2H)-dicarboxylate (6ap)
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Boc
N ,COOMe

H O
o~

Colorless oil, 56% yield (42.0 mg, crude: > 20:1 dr), 'TH NMR (400 MHz, CDCl;) 6
7.91(d,J=8.1 Hz, 1H), 7.25-7.16 (m, 1H), 7.06 — 6.98 (m, 1H), 6.97 — 6.92 (m, 1H),
4.24 (qd, J=11.2,6.7 Hz, 2H), 3.76 — 3.74 (m, 1H), 3.72 (s, 3H), 3.05 (ddd, J = 13.5,
7.4,1.4Hz, 1H),2.63 —2.54 (m, 1H), 2.46 (dd, J=13.2, 9.4 Hz, 1H), 2.10 (s, 3H), 1.45
(s, 9H). 3C NMR (100 MHz, CDCl;) 5 171.5,171.0, 150.9, 144.3,131.4, 128 .4, 123.6,
123.0, 114.9, 81.3, 66.6, 66.2, 52.5,49.2,37.7,31.5, 28.2, 20.9. HRMS (ESI) calcd for
Cy0HsNNaOg [M+Na]*: 398.1574; found: 398.1574.

3-(tert-butyl) 2a-methyl 1-(((methoxycarbonyl)oxy)methyl)-1,7b-dihydro-3H-

cyclobuta[b]indole-2a,3(2H)-dicarboxylate (6aq)

Boc
N ,COOMe

A
o~ OMe

Colorless oil, 70% yield (54.8 mg, crude: > 20:1 dr), "TH NMR (400 MHz, CDCl;) 6
7.92 (d,J=8.1 Hz, 1H), 7.24 (t,J= 7.2 Hz, 1H), 7.07 (d, /= 6.4 Hz, 1H), 6.98 (t, J =
7.1 Hz, 1H), 4.37 — 4.27 (m, 2H), 3.82 (s, 3H), 3.78 (s, 1H), 3.75 (s, 3H), 3.06 (ddd, J
=13.3, 7.1, 1.5 Hz, 1H), 2.70 — 2.59 (m, 1H), 2.50 (dd, J=13.1, 9.4 Hz, 1H), 1.46 (s,
9H). 13C NMR (100 MHz, CDCl;) 5 171.6, 155.8, 150.9, 144.2, 131.2, 128.5, 123.8,
123.1, 114.9, 81.3, 69.8, 66.6, 54.9, 52.5, 49.0, 37.5, 31.5, 28.2. HRMS (ESI) calcd for
Cy0HsNNaO; [M+Na]*: 414.1523; found: 414.1525.

3-(tert-butyl) 2a-methyl 1-(((3-oxobutanoyl)oxy)methyl)-1,7b-dihydro-3 H-
cyclobuta|b]indole-2a,3(2H)-dicarboxylate (6ar)

Boc
N, ,COOMe

o O

H )3\)3\

O
Colorless oil, 44% yield (36.7 mg, crude: 7.5:1 dr), 'H NMR (400 MHz, CDCl3) 6 7.91

(d, J=8.1 Hz, 1H), 7.26 — 7.20 (m, 1H), 7.06 (d, J= 7.2 Hz, 1H), 6.98 (tt, J=7.9, 1.8
Hz, 1H), 4.33 (qd, J = 11.2, 6.7 Hz, 2H), 3.77 (s, 1H), 3.74 (s, 3H), 3.54 (s, 2H), 3.16
~3.01 (m, 1H), 2.69 — 2.56 (m, 1H), 2.52 — 2.42 (m, 1H), 2.30 (s, 3H), 1.46 (s, 9H).

13C NMR (100 MHz, CDCl3) 6 200.4, 171.5, 167.1, 150.9, 144.2, 131.2, 128.5, 123.8,
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123.1, 114.9, 81.4, 67.0, 66.5, 52.5, 49.9, 49.0, 37.6, 31.5, 30.3, 28.2. HRMS (ESI)
calcd for Cp,H,7;NNaO; [M+Na]*: 440.1680; found: 440.1682.

3-(tert-butyl) 2a-methyl 1-((2-phenoxyacetoxy)methyl)-1,7b-dihydro-3 H-
cyclobuta[b]indole-2a,3(2H)-dicarboxylate (6as)

Boc
N, ,COOMe

H ?\\/OPh
@)

Colorless oil, 61% yield (57.0 mg, crude: 13:1 dr), '"H NMR (400 MHz, CDCl;) 6 7.94
(d, J=8.2 Hz, 1H), 7.36 — 7.29 (m, 2H), 7.29 — 7.21 (m, 1H), 7.03 (q, J = 8.0, 7.4 Hz,
1H), 6.98 — 6.86 (m, 4H), 4.73 (d, J=2.8 Hz, 2H), 4.41 (qd, J=11.2, 6.7 Hz, 2H), 3.75
(s, 3H), 3.47 (s, 1H), 3.07 (dd, J=13.4, 7.3 Hz, 1H), 2.68 — 2.59 (m, 1H), 2.48 (dd, J =
13.4, 9.5 Hz, 1H), 1.48 (s, 9H). 13C NMR (100 MHz, CDCl3) 6 171.5, 169.1, 157.8,
150.9, 144.2, 131.2, 129.6, 128.5, 123.8, 123.1, 121.8, 114.9, 114.6, 81.4, 67.0, 66.5,
65.3, 52.6, 49.1, 37.6, 31.5, 28.2. HRMS (ESI) calcd for CysH,gNNaO; [M+Na]*:
490.1836; found: 490.1839.

3-(tert-butyl) 2a-methyl 1-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-
1,7b-dihydro-3H-cyclobuta[b]indole-2a,3(2H)-dicarboxylate (6at)

Boc
N, . COOMe
H 0

E%'E

O

Colorless oil, 77% yield (68.3 mg, crude: 9:1 dr), 'TH NMR (400 MHz, CDCl3) & 7.92
(d, J=8.0 Hz, 1H), 7.32 — 7.17 (m, 2H), 6.97 (br t, J = 7.4 Hz, 1H), 3.78 — 2.74 (m,
3H), 3.56 (br d, J = 5.3 Hz, 1H), 2.87 (br dd, J = 13.0, 7.1 Hz, 1H), 2.56 (br dd, J =
13.1, 9.1 Hz, 1H), 2.48 — 2.42 (m, 1H), 1.47 (s, 9H), 1.30 — 1.12 (m, 14H). 13C NMR
(100 MHz, CDCl;3) 6 172.3,151.2, 144.2, 132.8, 128.0, 124.0, 122.6, 114.7, 83.2, 81.0,
66.6, 53.9, 52.3, 37.4, 35.5, 28.3, 24.9. HRMS (ESI) caled for C,4H34BNNaOg
[M+Na]": 466.2371; found: 466.2375.

3-(tert-butyl) 2a-methyl 1-(1,3-dioxoisoindolin-2-yl)-1,7b-dihydro-3 H-
cyclobuta[b]indole-2a,3(2H)-dicarboxylate (6au)
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Colorless oil, 49% yield (43.9 mg, crude: 5.8:1 dr), 'H NMR (400 MHz, CDCl3) 6 7.97
(d,J=8.1 Hz, 1H), 7.86 (dd, J=5.5, 3.0 Hz, 2H), 7.78 — 7.65 (m, 2H), 7.25 (d, /= 8.1
Hz, 1H), 7.17 (d, J = 7.5 Hz, 1H), 6.97 (t, /= 7.6 Hz, 1H), 4.77 (d, J = 6.2 Hz, 1H),
4.65 — 4.53 (m, 1H), 3.99 (dd, J = 13.3, 8.8 Hz, 1H), 3.78 (s, 3H), 2.89 (dd, J = 13.5,
9.1 Hz, 1H), 1.49 (s, 9H). 13C NMR (100 MHz, CDCl;) 6 170.5, 167.9, 151.0, 144.8,
134.3,131.8, 130.0, 128.8, 123.9, 123.4,123.1, 115.0, 81.6, 65.9, 52.7,51.7, 48.5, 34.9,
28.2. HRMS (ESI) calcd for C,sH4N,NaOg [M+Na]*: 471.1526; found: 471.1529.
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5. Experiments with scale-up reaction

To an oven-dried 100 mL dry Schlenk tube equipped with a magnetic
stir bar were added 1a (3.7 mmol), 3a (11 mmol), thioxanthone (TXT, 39.2
mg, 5 mol%), and MeCN (37 mL). The tube was evacuated and backfilled
with nitrogen six times, each time for at least 5 minutes, and then stirred
under irradiation with violet LEDs (10 W, A =400-410 nm) for 36 h. After
that, the solvent was removed in vacuo, purification was performed by
flash column chromatography on silica gel with petroleum ether/ethyl
acetate as eluent to give the corresponding compounds 4aa. The results and

setups of gram-scale reaction were shown in Scheme S1.
(a) Gram-scale reaction

Boc
Boc L XT (5moi%) IN§COOMG
+ -
COOMe >
m COOMe  MecN (0.1 M), N, H
400-410 nm, 36 h COOMe
1a, 3.7 mmol 3a, 11 mmol 4aa, 1.04q, 78% yield

(b) Experiment setups of gram-scale reaction

Scheme S1. (a) Gram-scale reaction; (b) Experiment setups of gram-scale reaction
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6. Mechanistic studies

6.1 Stern-Volmer quenching studies

Stern-Volmer experiments were conducted on a Hitachi F7000
Fluorescence Spectrophotometer. Each component was prepared in
acetonitrile prior to each set of experiments. The solutions were irradiated
at 390 nm and the luminescence measured at 487 nm. Linear regression of
I/I against concentration was performed in Origin.

Note: For practical reasons, [Ir(dF(CF;)ppy).(dtbbpy)](PFs) (CAS:
870987-63-6) was used as photocatalyst instead of thioxanthone (TXT).?

Species Concentration (mM)
[Ir(dF(CF3)ppy)a(dtbbpy)](PFs) 0.01
la Varied
3a 3 equivalents of 1a
la (mM) 0 3 6 9 12 15
Io/1 1 1.265 | 1.483 | 1.653 | 1.971 | 2.082
3a (mM) 0 9 18 27 36 45
Io/1 1 1.056 | 1.026 | 1.053 | 1.055 | 1.118
33
20' y = 75.66x + 1, R =0.9994
) _ e 1a
1.8+ L’ L
= 16}
1.4
1.2_— y=2.176x + 1, R? = 0.9996
Lol .

0.00 0.01 0.02 0.03 0.04 0.05

Quencher Concentration (mol/L)

Figure S2. Stern—Volmer quenching experiments

S33



6.2 Control experiment with triplet quencher

To an over-dried quartz tube equipped with a magnetic stir bar was
added with the mixture of 1a (0.2 mmol), 3a (0.6 mmol), thioxanthone
(TXT, 2.1 mg, 5 mol%), 2,5-dimethyl-2,4-hexadienes (a known triplet
quencher, 1 equiv) in MeCN (2 mL).* The reaction mixture was evacuated
and backfilled with nitrogen three times, and then stirred under irradiation
with violet LEDs (10 W, A = 400-410 nm) for 22 h. After reaction
completion, the solvent was removed under reduced pressure and the
resulting residue was purified by column chromatography on silica gel with
petroleum ether/ethyl acetate (v/v), the yield of 4aa was trace (Scheme

S2b).
Standard conditions with triplet quencher Boc
Eoc TXT (5 mol%) N_,COOMe
@[/fcooww § NS >
COOMe MeCN (0.1 M), N, H
. 400-410 nm, 22 h COOMe
1a, 02 mmol  3a, 0.6 mmol '1iPlet quencher 4aa, trace

0.2 mmol
Scheme S2. Standard conditions with triplet quencher
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6.3 Cyclic voltammetry test

Cyclic voltammetry test was performed in a three-electrode cell at room
temperature. All cyclic voltammograms were measured using Ag/Ag"
(0.01 M AgNO; in MeCN) reference electrode, a platinum (Pt) wire
counter electrode and a glassy carbon working electrode. The conditions
of the experiments were as follows: testing compounds are in solution of
0.1 M tetrabutylammonium hexafluorophosphate ("BusNPF¢) in MeCN at
a scan rate of 100 mV/s.

0.0003

0.0002 | —— TXT in MeCN|

0.0001

0.0000

Current (A)

-0.0001

-0.0002

~0.0003 x 1 . 1 " 1 L 1 N 1
3

Potential (V)

Figure S3. Cyclic voltammetry of TXT (0.005 M) in MeCN (vs. Ag/Ag") with
"BugNPFg (0.1 M)

The results of the CV measurement of TXT show that oxidation of TXT
takes place beyond a potential of 1.33 V vs. Ag/AgNOs;, and reduction of
TXT takes place beyond a potential of -1.44V vs. Ag/AgNOs.
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0.0003

0.0002 -
lain MeCN

0.0001

¥ )

I I

e

£ 0.0000 - =

5

Q

-0.0001

-0.0002

00003 b —1 L
3 2 1 0 -1 ) 3

Potential (V)

Figure S4. Cyclic voltammetry of 1a (0.01 M) in MeCN (vs. Ag/Ag") with "BusNPFg
(0.1 M)

The results of the CV measurement of 1a show that oxidation of 1a takes
place beyond a potential of 1.59 V vs. Ag/AgNOs.

0.00010

3ain MeCN
0.00005 -
<
£ 0.00000
=
O
-0.00005 |-
o010 b v oy
3 2 1 0 -1 -2 -3
Potential (V)
Figure S5. Cyclic voltammetry of 3a (0.01 M) in MeCN (vs. Ag/Ag") with "BusNPF¢

(0.1 M)

The results of the CV measurement of 3a show that reduction of 3a takes
place beyond a potential of -1.86 V vs. Ag/AgNO;.

Conclusion of these experiments: These three experiments supported the
involvement of excited triplet state intermediates.
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7. NMR spectraof 1, 2,4, 5, and 6
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I3C NMR (CDCl;) spectrum of 1k
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'H NMR (CDCl;) spectrum of 2j
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'H NMR (CDCl;) spectrum of 2k
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'"H NMR (CDCl;) spectrum of 21
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'H NMR (CDCl;) spectrum of 4ba
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19F NMR (CDCls) spectrum of 4ba
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I3C NMR (CDCl;) spectrum of 4ca
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I3C NMR (CDCl;) spectrum of 4da
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I3C NMR (CDCl;) spectrum of 4ea

20

G2'8C —
€€°2E —

LV~
98'8Y

NN.Nm/ . |

19°¢G —~ =
128k

96'99 — 4

6218 —

41158

LLeL —

€0'8€L — - 3

c0'9GL —

()
5
z8°05) — 3
O,

COOMe

18°0LL ~
8€'€LL

o
0]
=

uv
89C
69°¢
clL'e

elLe
gLe

vie
i.m;

50

60

SlL'eq
67°€E 1
1G°€
LG'€
1G°€
Nm.m;
[ARN
€9°€

70

S €N
GG'EN

100 90 80
£1 (ppm)

110

120

130

3
—4
0Z0LL~ \ W i
Zrell ~ -

140

vIEN
1€~

€T
vey’

[oT ol

'H NMR (CDCl;) spectrum of 4fa

6V L~
cS’L

66/

J JM‘ P oMl

£1 (ppm)

S50

OOMe

N
J

\Sisars

108’

COOMe

FsC



082 —
Y92

60°LY —
4314

622G

6665

0425 —

Ve 29

0€'2c8 —

L9711,
gL'och

AR A

v

§8°¢Cl

19vC1

1 |(prjmy

€672l |
9c¢'sel

65'GT) 1
65521
AA°T4\S
vvozL T
8v°9zl I

T
120

130

1357 &0_‘\

cz'Qz1

0

pLLEL

cS' Lyl ~

a)
v

85051 —

14

,COOWQ

/
lZOO\/I

~
v

T
160

(

142974

Bo
N<
K

f oo gy
ro ol

H

T
180

N
N

T
190

I3C NMR (CDCl;) spectrum of 4fa

)
FsC

T
200

19F NMR (CDCls) spectrum of 4fa

19°19-—

COOMe

Boc

COOMe

FsC

130 -140 -150 -160 -170 -180 -190 -200 -210

-120

£1 (ppm)

S51



'H NMR (CDCl;) spectrum of 4ga
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19F NMR (CDCl;) spectrum of 4ga
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13C NMR (CDCl;) spectrum of 4ha
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I3C NMR (CDCl;) spectrum of 4ia

166G~ - g _ mr.m,ﬁ = 701
1 re sv'e
k mv.L B *00'L

97 79— Ls o mtw ~ XA

W 1ve] - \J 6'C

— wel Awr.m

Log— _ = av'e | - _J 860
6v°c ﬁ

T
90
(=}
0
™

£1 (gpm)

T
100

vvecet
cevelL

W@o”_‘

J
A

e
A
mw.miw \FJ
28051 — m

COOMe

. _ [8]
09094 ol
m

6201~ v m

o8 €zt

N, ,COOMe
COOMe

]
u;'\u;
Boc

MR (CDCl;) spectrum of 4ja

£1 (ppm)

S55




I3C NMR (CDCIl;) spectrum of 4ja
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'H NMR (CDCl;) spectrum of 4ka
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9F NMR (CDCls) spectrum of 4la
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13C NMR (CDCl;) spectrum of 4na
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13C NMR (CDCl;) spectrum of 40a
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I3C NMR (CDCl;) spectrum of 4pa
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'H NMR (CDCl;) spectrum of 4qa
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19F NMR (CDCls) spectrum of 4qa

-190  -200 210

-180

-170

~160
L

0
N
Py
™

1 teeol|

-
/S
il
i

~140
<
-
(5]

~130
0
—
™
\
/

SLe ] »m JEV'9

-120

0€°GLL-— NN - — FEL'L

T
11
©
-
™

L180L-—

T
-100
£1 (ppm)
—

'o)
™

T

-90
[9ed
©
™

-70

-—= hve0

-30

()
3

- .
68°L O
®)

Boc
N ,COOMe
COOMe
COOMe
J

10

'H NMR (CDCl;) spectrum of 4ra

Cl

T . 0
IZc©

AN

£1 (ppm)

S65




I3C NMR (CDCl;) spectrum of 4ra

118z
egze”

ce0f

SL;

j23K4°] //

Lo
1745 araass

&

9€79

e b
L1271
621
8Y'L
€9°C
99°C1
99°C
69°C1
0L°€
L1'€E
cleq
e
cLe
1€
1432
9L°€

|
mv.m#
|

LG°€
29°€N

8528 —

vaT—
8L'¢€~

24
.»_._qVm

it (ppm)

100

110

20

D
g

30

(srA4
[444
vy
vy
969
869
002
20°L
0L
90°L
YLl
917/

140

OOMe

a
~

160

€6'691 ~
GlcLL—

(0]
N_,COOMe

B
Y

N
W

i

(

R

\f
LY
|

CI\[

i ’NLW“‘F‘

190|

'H NMR (CDCl;) spectrum of 5aa

200

2.0

.5

3.0

)

£1 (ppm)

S66

s
g3

0

Boc
N COOEt
COOMe




13C NMR (CDCl;) spectrum of 5aa
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13C NMR (CDCl;) spectrum of 5ba
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'H NMR (CDCl;) spectrum of 5¢ca

9¢ L) F¢ Lo
12711
621 1 Lo
LY © Ls
992 | 8Lyl —
99°Z1 re .
69°¢C FS
. i °
oLe] i = o
Leql o o e 81'8¢g s
avef =y 8v'ze —
zZLe = - | <
ere Lo vy )
vLE .‘ h Sy 8P
vLe) 0£'2S -
w_..m; Lo
el ~ = 780 =
mv.fﬁ L2 €819 — - N
1G°€ ~ == Ao ) — =
ese| | oo, SI'Z9 B
8L€Y ~ =] H\@o.r\m
AN [— 7E+°€ :
C.L B %m.r‘m 8848 = - -
m:\;w — =] gZTT
(A L2 1 Le
Lz ~ ~
€TV e~ 5>
ey h
YTy Lo 3 B
. = -
szv 3
+ ° 18°GLL— - =
Szv Lo <
9z’ & « E E
. Q LLvZh
ad ) gz~ N N
oe ) S g8z~ e
0z'L o = :
- ° 62:2€l m
el — — T g L2
€T'L — == A, . -
¢zl VL B seenl= o =
g 2 3 W
8Ly - o s g0l 8, sL0sk O
18, S (e ks ©n N
~ Purd
(@) A
-
0 C O @)
Bz a
T [ S
[a
& 5

S69



=0l'e

fosst-

89Vl —

61'8¢—
8¥'2¢ —

30

40

VA2

ov'8¥ ~\.

b ¢

)i

»02'L

¥8'19 —
L1729 —

¥6'L8 —

PL|e
AR

90

100

110

£1 (ppm)|

20

CDCl;) spectrum of Sda

NMR (
— 0 0 © WV
VMMM ™M
INNNNN

'H
]
[oe)
~

COOEt

Boc
N

COOMe

Br

L1
080

140

50

OOEt

60

~
o/

COOMe

.
>

08'691 —~

Boc
7NZ

170

90 €Lt

X
=

180

J

Br

200

S70



//J// /(

/7
COOEt
COOMe

'H NMR (CDCl;) spectrum of 5ea
N

Me

60

70

90

100

"1 (ppm)

S71

110

30

140

1k

DOMe

160

~
o

(

170

80|

B ozvL’
b ¥8°0Z —
G282
L2 8£'2¢
6l°¢
HGgl -
oe'Ly
- 681
0225~
=0¢]
Hg0| v919—
M/oo.r .
€80 o
/86T Le'18 —
gL
s
Le SOVl —
<
- D 85¥Zh
re W 91671
Gy
. o 790El—
he £ 99zel
00} | © m TTTVT —
oL " o
B L 8805 —
b o
175
! Hwmw.o‘m MJ/
Q
A ve0LL~
[« Q BrEl—
N
Fa DMA
- Q
b= on

190

200




'H NMR (CDCl;) spectrum of 5fa
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'H NMR (CDCl;) spectrum of 5ga
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13C NMR (CDCl;) spectrum of Sha
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I3C NMR (CDCl;) spectrum of 5ia
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I3C NMR (CDCl;) spectrum of 6al

0€'ze~\
€2'8¢

L ee

GgPEL

crge /.

206¢

¥S'LS

6157
mﬁ.vn\

50

V.99 —

60

80°18 —

110

£1 (pgn

SV

l8'ccl

P e2L —

(4 14

130

8¢ cel ™

140

6C vyl —
SO'LSL —

150

v0'CLL ~

€8°¢€Ll

0

T
190

T
200

'H NMR (CDCl;) spectrum of 6am

1483
Syl
8V'L
2571
€971
€121
4Xa
08¢
28T
82 {

98¢

1v'6

6€°¢
6€°€

0v'€
LY €
Zre
ev'e
124
1243
VAN

/

/

680

H1L

98T

o€~ —

oge’

SL'v
9LV

LL'Y

=191

Fgg0

£1 (ppm)

8Ly

8LV
6LY
08'v
86'9
669
102
€0°.
G0'L
9C' L~

1672
€6°L
G6°L

o @

N N

NN

—
| s

Boc

N_,COOMe,
\f

Lo M s JJJAk |

i

60
sz

F00'}

S93
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I3C NMR (CDCl;) spectrum of 6an
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13C NMR (CDCl;) spectrum of 6ao

n

g L

0c'8¢

60

70

80

£1 | (prpm)

10

8V’ GLL~
6vr'ecl

c0'sel

oGzl -~

12'6ZL 7~

10

D|
%
his
S
i

-
©
=}
e}
2
I

160

01991 —

00—

T
200

SPLy

——

CDCl;) spectrum of 6ap

—

o

£1 (ppm)

S96



//

»
N
Q
o

|

RS
- S

i
N
— —

70

]

8C'18—

80

90

1| (ppm)

1

Jyh\
S £

160

O

)

-
N~
-+

< O
o
~
=

N

170

COOMe

%

n\c)‘\

~
v

CDCl;) spectrum of 6aq

)

)Y

Bo¢
X

H

[

13C NMR (CDCl;) spectrum of 6ap

19

X
Z

200

£1 (ppm)

S97




13C NMR (CDCl;) spectrum of 6aq
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I3C NMR (CDCl;) spectrum of 6ar
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13C NMR (CDCl;) spectrum of 6as
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