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I. General experimental information

Commercial reagents were used without further purification. N-Arylsydnones (1), % allenyl acetates (2),*!
and [Cp*RhCl,], ! were prepared based on literature procedures. Melting points were recorded with a micro
melting point apparatus and uncorrected. The *H NMR spectra were recorded at 600 MHz and 400 MHz. The
13C NMR spectra were recorded at 150 MHz and 100 MHz. The °F NMR spectra were recorded at 565 MHz.
Chemical shifts were expressed in parts per million (6), and were reported as s (singlet), d (doublet), t (triplet),
dd (doublet of doublet), m (multiplet), etc. The coupling constants J were given in Hz. High resolution mass
spectra (HRMS) were obtained via ESI mode by using a MicrOTOF mass spectrometer. All reactions were
monitored by thin layer chromatography (TLC) using silica gel plates (silica gel 60 F254 0.25 mm), and

components were visualized by observation under UV light (254 and 365 nm).
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I1. Experimental procedures and spectroscopic data
1. Typical procedure for the synthesis of 3a and spectroscopic data of 3a-3nn

To a reaction tube equipped with a stir bar were charged with 3-phenyl-1,2,3-oxadiazol-3-ium-5-olate (1a,
32.4 mg, 0.2 mmol), DCE (2 mL), [Cp*RhCl;]; (3.1 mg, 0.005 mmol), AgOAc (6.7 mg, 0.04 mmol), TEMPO
(31.3 mg, 0.2 mmol) and 1-phenylbuta-2,3-dien-1-yl acetate (2a, 94.1 mg, 0.5 mmol). The tube was then
sealed, and the resulting mixture was stirred at 50 °C under argon for 24 h. Upon completion, it was cooled to
room temperature, quenched with water and extracted with dichloromethane for three times. The combined
organic phases were dried over anhydrous Na,SO, filtered and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography using petroleum ether/ethyl acetate (5:1) as eluent

to afford 3a. Other products 3b-3nn were obtained in a similar manner.

3b,5a-Di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3-olate
(3a)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (70.3 mg, 84%), mp 190.0-191.3 °C. 'H NMR
(CDCls, 600 MHz): & 8.15 (dd, J; = 7.8 Hz, J, = 1.2 Hz, 1H), 7.51-7.46 (m, 2H), 7.43 (d, J = 7.8 Hz, 2H),
7.35-7.27 (m, 6H), 7.24 (t, J = 7.8 Hz, 2H), 7.19 (t, J = 7.8 Hz, 1H), 6.79 (d, J = 16.2 Hz, 1H), 6.42 (d, J =
16.2 Hz, 1H), 6.33 (d, J = 16.8 Hz, 1H), 6.22 (d, J = 15.6 Hz, 1H), 2.79-2.72 (m, 2H), 2.59-2.54 (m, 1H),
2.36-2.31 (m, 1H). *C{*H} NMR (CDCls, 150 MHz): & 166.9, 136.4, 136.3, 134.2, 132.8, 132.3, 132.1, 129.6,
129.4, 129.0, 128.9, 128.62, 128.56, 128.2, 127.9, 127.3, 126.7, 126.6, 117.4, 104.5, 50.2, 45.4, 31.3, 31.1.

HRMS (ESI) m/z: [M+Na]" Calcd for CgH2N,NaO, 441.1573; Found 441.1557.
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7-Methyl-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-
3-olate (3b)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (64.9 mg, 75%), mp 164.6-165.9 °C. 'H NMR
(CDCls, 600 MHz): & 8.03 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 7.8 Hz, 2H), 7.31-7.28 (m,
3H), 7.27-7.21 (m, 3H), 7.18 (d, J = 7.2 Hz, 1H), 7.09 (s, 1H), 6.79 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 16.2 Hz,
1H), 6.33 (d, J = 16.2 Hz, 1H), 6.22 (d, J = 15.6 Hz, 1H), 2.77-2.69 (m, 2H), 2.57-2.52 (m, 1H), 2.36 (s, 3H),
2.32-2.29 (m, 1H). ®*C{*H} NMR (CDCls, 150 MHz): § 167.0, 142.9, 136.42, 136.37, 134.0, 132.7, 132.1,
129.6, 129.3, 129.1, 128.9, 128.5, 128.2, 127.9, 127.4, 127.3, 126.73, 126.68, 117.2, 104.2, 50.3, 45.4, 31.2,

31.0, 21.6. HRMS (ESI) m/z: [M+Na]" Calcd for Cp9H24N,NaO, 455.1730; Found 455.1721.

7-Ethyl-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]Joxadiazolo[3,4-a]quinolin-10-ium-3-
olate (3c)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (69.7 mg, 78%), mp 177.4-178.3 °C. 'H NMR
(CDCls, 600 MHz): & 8.06 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 7.8 Hz, 2H), 7.35 (t, J = 7.8 Hz, 2H), 7.31-7.28 (m,
4H), 7.24 (t, J = 7.8 Hz, 2H), 7.20-7.17 (m, 1H), 7.11 (d, J = 1.2 Hz, 1H), 6.80 (d, J = 16.2 Hz, 1H), 6.41 (d, J
= 16.2 Hz, 1H), 6.34 (d, J = 16.8 Hz, 1H), 6.22 (d, J = 15.6 Hz, 1H), 2.78-2.71 (m, 2H), 2.65 (g, J = 7.8 Hz,
2H), 2.58-2.53 (m, 1H), 2.36-2.30 (m, 1H), 1.21 (t, J = 7.8 Hz, 3H). *C{*H} NMR (CDCl;, 150 MHz): &

167.0, 149.1, 136.4, 134.1, 132.7, 132.1, 129.2, 128.9, 128.53, 128.48, 128.2, 128.1, 127.9, 127.5, 127.4,
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126.73, 126.67, 117.3, 104.2, 50.3, 45.5, 31.2, 31.0, 28.9, 15.3. HRMS (ESI) m/z: [M+Na]" Calcd for

CaoH26N2NaO, 469.1886; Found 469.1889.

7-(tert-Butyl)-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-i
um-3-olate (3d)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (68.3 mg, 72%), mp 106.3-107.3 °C. 'H NMR
(CDCls5, 600 MHz): & 8.07 (d, J = 8.4 Hz, 1H), 7.50 (dd, J; = 9.0 Hz, J, = 2.4 Hz, 1H), 7.43 (d, J = 7.2 Hz,
2H), 7.35 (t, J = 7.8 Hz, 2H), 7.31-7.28 (m, 4H), 7.26-7.23 (m, 2H), 7.19 (t, J = 7.2 Hz, 1H), 6.78 (d, J = 16.2
Hz, 1H), 6.41 (d, J = 15.6 Hz, 1H), 6.34 (d, J = 16.2 Hz, 1H), 6.22 (d, J = 15.6 Hz, 1H), 2.78-2.72 (m, 2H),
2.59-2.56 (m, 1H), 2.37-2.32 (m, 1H), 1.29 (s, 9H). *C{*H} NMR (CDCls, 150 MHz): § 167.0, 155.9, 136.44,
136.37, 133.7, 132.7, 132.2, 129.3, 128.9, 128.5, 128.1, 127.8, 127.4, 127.2, 126.7, 126.6, 125.9, 125.8, 117.0,
104.2, 50.5, 45.5, 35.3, 31.21, 31.17, 31.08. HRMS (ESI) m/z: [M+Na]" Calcd for Cs,HsoN,NaO, 497.2199;

Found 497.2194.

MeOzCHzC

7-(2-Methoxy-2-oxoethyl)-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]q
uinolin-10-ium-3-olate (3e)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (64.8 mg, 66%), mp 80.6-81.7 °C. *H NMR (CDCls,
600 MHz): & 8.12 (d, J = 8.4 Hz, 1H), 7.44-7.41 (m, 3H), 7.35 (t, J = 7.8 Hz, 2H), 7.31-7.28 (m, 3H),

7.26-7.23 (m, 2H), 7.21-7.18 (m, 2H), 6.80 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 6.32 (d, J = 16.2
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Hz, 1H), 6.21 (d, J = 15.6 Hz, 1H), 3.67 (s, 3H), 3.64 (s, 2H), 2.79-2.71 (m, 2H), 2.58-2.54 (m, 1H), 2.37-2.31
(m, 1H). *C{*H} NMR (CDCls, 150 MHz): & 170.9, 166.9, 138.5, 136.3, 136.2, 134.4, 132.9, 132.4, 130.2,
129.7, 128.9, 128.8, 128.64, 128.56, 128.3, 127.9, 127.2, 126.74, 126.70, 117.6, 104.4, 52.4, 50.2, 45.5, 40.8,

31.3, 31.0. HRMS (ESI) m/z: [M+Na]" Calcd for C3;H26N,NaO, 513.1785; Found 513.1776.

MeO

7-Methoxy-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobutalc][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium
-3-olate (3f)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (78.9 mg, 88%), mp 150.1-150.8 °C. 'H NMR
(CDCl3, 600 MHz): & 8.09 (d, J = 8.4 Hz, 1H), 7.43 (d, J = 7.8 Hz, 2H), 7.35-7.27 (m, 5H), 7.25-7.22 (m, 2H),
7.18 (t, J = 7.2 Hz, 1H), 6.96 (dd, J, = 9.0 Hz, J, = 2.4 Hz, 1H), 6.81-6.78 (m, 2H), 6.41 (d, J = 15.6 Hz, 1H),
6.33 (d, J = 16.2 Hz, 1H), 6.21 (d, J = 15.6 Hz, 1H), 3.79 (s, 3H), 2.76-2.71 (m, 2H), 2.57-2.53 (m, 1H),
2.36-2.31 (m, 1H). ®*C{"H} NMR (CDCls, 150 MHz): & 166.9, 162.2, 136.4, 136.3, 136.2, 132.7, 132.3,
128.90, 128.86, 128.5, 128.2, 127.9, 127.4, 126.73, 126.65, 122.9, 119.1, 114.2, 113.7, 103.7, 55.8, 50.5, 45.4,

31.1, 31.0. HRMS (ESI) m/z: [M+Na]" Calcd for Cp9H24N,NaOs 471.1679; Found 471.1672.

7-Phenyl-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3
-olate (39)
Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (82.1 mg, 83%), mp 120.2-121.7 °C. 'H NMR

(CDCls, 600 MHz): & 8.22 (d, J = 8.4 Hz, 1H), 7.68 (dd, J; = 8.4 Hz, J, = 1.8 Hz, 1H), 7.52-7.51 (m, 3H),
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7.44-7.40 (m, 4H), 7.38-7.35 (m, 1H), 7.34-7.31 (m, 4H), 7.28-7.21 (m, 3H), 7.18 (t, J = 7.2 Hz, 1H), 6.83 (d,
J=16.2 Hz, 1H), 6.46 (d, J = 16.2 Hz, 1H), 6.39 (d, J = 16.2 Hz, 1H), 6.24 (d, J = 16.2 Hz, 1H), 2.81-2.76 (m,
2H), 2.60-2.57 (m, 1H), 2.42-2.35 (m, 1H). *C{*H} NMR (CDCls;, 150 MHz): 5 166.9, 145.3, 139.1, 136.4,
136.3, 134.8, 132.9, 132.5, 129.2, 129.0, 128.9, 128.7, 128.62, 128.59, 128.3, 127.9, 127.7, 127.33, 127.30,
127.2,126.8, 126.7, 117.9, 104.4, 50.5, 45.6, 31.3, 31.2. HRMS (ESI) m/z: [M+Na]* Calcd for CasH,sN2NaO,

517.1886; Found 517.1887.

N-O
1

N =0
\.Ph
\

Ph 3h
7-Fluoro-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3
-olate (3h)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (59.4 mg, 68%), mp 101.9-102.5 °C. 'H NMR
(CDCls, 600 MHz): & 8.17 (dd, J, = 9.0 Hz, J, = 3.0 Hz, 1H), 7.43 (d, J = 7.2 Hz, 2H), 7.35 (t, J = 7.8 Hz, 2H),
7.32-7.29 (m, 3H), 7.26-7.24 (m, 2H), 7.22-7.16 (m, 2H), 7.03 (dd, J; = 9.0 Hz, J, = 3.0 Hz, 1H), 6.82 (d, J =
16.2 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 6.31 (d, J = 16.8 Hz, 1H), 6.20 (d, J = 15.6 Hz, 1H), 2.79-2.72 (m,
2H), 2.59-2.55 (m, 1H), 2.37-2.32 (m, 1H). *C{*H} NMR (CDCls, 150 MHz): 5 166.7, 164.3 (d, *Jc.r = 253.8
Hz), 137.2 (d, %Jc.r = 7.7 Hz), 136.1 (d, 2Jc.r = 33.9 Hz), 133.0 (d, 2Jc.r = 31.8 Hz), 129.0, 128.6, 128.5,
128.02, 128.00, 126.9, 126.74, 126.69, 125.8 (d, *Jc.r = 3.3 Hz), 119.8 (d, 3Jcr=9.9 Hz), 116.3, 116.1, 115.9,
104.3, 50.3, 45.4, 31.3, 31.0. *F NMR (565 MHz, CDCls) &: -105.18 — -105.22 (m). HRMS (ESI) m/z:
[M+Na]" Calcd for CagH,1FN,NaO, 459.1479; Found 459.1474.

N-O

N =0
N\

Ph 3i
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7-Chloro-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-
3-olate (3i)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (59.8 mg, 66%), mp 167.4-168.5 °C. 'H NMR
(CDCl3, 600 MHz): & 8.10 (d, J = 9.0 Hz, 1H), 7.46-7.44 (m, 3H), 7.35 (t, J = 7.8 Hz, 2H), 7.31-7.30 (m, 4H),
7.26-7.24 (m, 2H), 7.20 (t, J = 7.2 Hz, 1H), 6.82 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 6.30 (d, J =
16.2 Hz, 1H), 6.19 (d, J = 15.6 Hz, 1H), 2.79-7.72 (m, 2H), 2.58-2.54 (m, 1H), 2.36-2.30 (m, 1H). C{*H}
NMR (CDCls;, 150 MHz): 6 166.6, 138.2, 136.2, 136.05, 136.00, 133.2, 132.9, 129.3, 129.0, 128.9, 128.6,
128.5, 128.1, 128.0, 127.9, 126.8, 126.7, 118.9, 104.5, 50.2, 45.5, 31.3, 31.0. HRMS (ESI) m/z: [M+Na]"

Calcd for CygH,1CIN,NaO, 475.1184; Found 475.1176.

7-Bromo-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3
-olate (3))

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (75.6 mg, 76%), mp 117.7-118.1 °C. 'H NMR
(CDCl3, 600 MHz): & 8.03 (d, J = 9.0 Hz, 1H), 7.61 (dd, J, = 9.0 Hz, J, = 2.4 Hz, 1H), 7.45-7.44 (m, 3H), 7.36
(t, J = 7.8 Hz, 2H), 7.32-7.30 (m, 3H), 7.26-7.24 (m, 2H), 7.20 (t, J = 7.2 Hz, 1H), 6.82 (d, J = 16.2 Hz, 1H),
6.41 (d, J = 16.2 Hz, 1H), 6.30 (d, J = 16.2 Hz, 1H), 6.18 (d, J = 16.2 Hz, 1H), 2.79-2.72 (m, 2H), 2.58-2.54
(m, 1H), 2.36-2.30 (m, 1H). *C{*H} NMR (CDCls, 150 MHz): & 166.6, 136.2, 136.1, 136.0, 133.2, 132.9,
132.3, 131.9, 129.0, 128.58, 128.56, 128.45, 128.0, 127.9, 126.8, 126.7, 126.4, 119.0, 104.5, 50.1, 45.5, 31.4,

31.0. HRMS (ESI) m/z: [M+Na]" Calcd for CasH,:BrN,NaO; 519.0679; Found 519.0672.
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7-lodo-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3-0
late (3K)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (50.1 mg, 46%), mp 146.3-146.8 °C. 'H NMR
(CDCls, 600 MHz): & 7.87 (d, J = 8.4 Hz, 1H), 7.81 (dd, J; = 9.0 Hz, J, = 1.8 Hz, 1H), 7.64 (d, J = 1.8 Hz,
1H), 7.44 (d, J = 7.2 Hz, 2H), 7.36 (t, J = 7.2 Hz, 2H), 7.32-7.29 (m, 3H), 7.26-7.23 (m, 2H), 7.21-7.19 (m,
1H), 6.80 (d, J = 16.2 Hz, 1H), 6.40 (d, J = 16.2 Hz, 1H), 6.29 (d, J = 16.2 Hz, 1H), 6.18 (d, J = 16.2 Hz, 1H),
2.79-2.72 (m, 2H), 2.57-2.53 (m, 1H), 2.35-2.27 (m, 1H). *C{*H} NMR (CDCls, 150 MHz): & 166.6, 138.2,
137.8, 136.2, 136.04, 135.99, 133.1, 132.9, 129.2, 129.0, 128.6, 128.4, 128.03, 128.01, 126.9, 126.8, 126.7,
118.8, 104.5, 98.4, 49.9, 45.5, 31.4, 31.0. HRMS (ESI) m/z: [M+Na]" Calcd for CygH1IN;NaO, 567.0540;

Found 567.0536.

3b,5a-Di((E)-styryl)-7-(trifluoromethyl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinoli
n-10-ium-3-olate (31)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (59.4 mg, 61%), mp 122.4-123.9 °C. 'H NMR
(CDCls5, 600 MHz): 6 8.30 (d, J = 9.0 Hz, 1H), 7.75 (dd, J, = 9.0 Hz, J, = 1.8 Hz, 1H), 7.59 (s, 1H), 7.44 (d, J
= 7.8 Hz, 2H), 7.36 (t, J = 7.8 Hz, 2H), 7.32-7.30 (m, 3H), 7.26-7.24 (m, 2H), 7.22-7.19 (m, 1H), 6.85 (d, J =
16.2 Hz, 1H), 6.43 (d, J = 16.2 Hz, 1H), 6.32 (d, J = 16.2 Hz, 1H), 6.20 (d, J = 16.2 Hz, 1H), 2.84-2.77 (m,
2H), 2.61-2.56 (m, 1H), 2.38-2.33 (m, 1H). **C{*H} NMR (CDCls, 150 MHz): § 166.6, 136.1, 135.9, 135.3,

134.0 (q, s = 34.1 Hz), 133.38, 133.35, 131.9, 129.0, 128.6, 128.5, 128.1, 127.7, 126.8, 126.7, 126.62,
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126.57, 125.7 (q, *Jc.r = 3.3 Hz), 123.0 (q, *Jc.r = 271.4 Hz), 118.2, 105.1, 50.2, 45.5, 31.4, 31.1. *F NMR

(565 MHz, CDCls) &: -62.9 (s). HRMS (ESI) m/z: [M+Na]" Calcd for CagH:F3N2NaO, 509.1447; Found

509.1447.
N-O
N _/—0
EtO,C \—ph
\
Ph 3m

7-(Ethoxycarbonyl)-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinoli

n-10-ium-3-olate (3m)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (83.4 mg, 85%), mp 92.9-93.8 °C. *H NMR (CDCls,
600 MHz): & 8.23 (d, J = 8.4 Hz, 1H), 8.14 (dd, J; = 9.0 Hz, J, = 1.8 Hz, 1H), 8.01 (d, J = 1.8 Hz, 1H),
7.43-7.42 (m, 2H), 7.34-7.31 (m, 4H), 7.29-7.27 (m, 1H), 7.25-7.23 (m, 2H), 7.20-7.18 (m, 1H), 6.80 (d, J =
16.2 Hz, 1H), 6.46 (d, J = 16.2 Hz, 1H), 6.33 (d, J = 16.2 Hz, 1H), 6.22 (d, J = 16.2 Hz, 1H), 4.39-4.33 (m,
2H), 2.82-2.77 (m, 2H), 2.58-2.55 (m, 1H), 2.38-2.32 (m, 1H), 1.35 (t, J = 7.2 Hz, 3H). *C{*H} NMR (CDCl;,
150 MHz): ¢ 166.6, 164.8, 136.3, 136.2, 134.7, 133.9, 133.1, 133.0, 132.4, 130.9, 129.7, 128.9, 128.6, 128.5,
128.3, 128.0, 126.9, 126.8, 117.5, 105.0, 61.9, 50.2, 45.4, 31.33, 31.25, 14.3. HRMS (ESI) m/z: [M+Na]"

Calcd for C31HoN2oNaO4 513.1785; Found 513.1765.

8-Methyl-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-
3-olate (3n)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (58.8 mg, 68%), mp 190.9-191.4 °C. 'H NMR
(CDCls, 600 MHz): & 7.97 (s, 1H), 7.42 (d, J = 7.2 Hz, 2H), 7.35-7.29 (m, 6H), 7.28-7.23 (m, 2H), 7.21-7.18

(m, 2H), 6.76 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 6.32 (d, J = 16.2 Hz, 1H), 6.22 (d, J = 16.2 Hz,
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1H), 2.77-2.70 (m, 2H), 2.57-2.53 (m, 1H), 2.45 (s, 3H), 2.33-2.28 (m, 1H). *C{*H} NMR (CDCls, 150
MHz): § 167.0, 139.1, 136.4, 136.3, 132.9, 132.7, 132.1, 131.2, 129.5, 129.23, 129.18, 128.9, 128.5, 128.2,
127.9, 127.3, 126.7, 126.6, 117.6, 104.6, 50.1, 45.4, 31.2, 31.1, 21.2. HRMS (ESI) m/z: [M+Na]" Calcd for

Ca9H24N2NaO, 455.1730; Found 455.1726.

8-Chloro-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-

3-olate (30)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (59.8 mg, 66%), mp 111.1-112.2 °C. 'H NMR
(CDCl3, 600 MHz): & 8.17 (d, J = 2.4 H, 1H), 7.47 (dd, J. = 8.4 Hz, J, = 1.8 Hz, 1H), 7.42 (d, J = 7.2 Hz, 2H),
7.35 (t, J = 7.2 Hz, 2H), 7.32-7.29 (m, 4H), 7.28-7.24 (m, 2H), 7.21 (t, J = 7.2 Hz, 1H), 6.78 (d, J = 16.2 Hz,
1H), 6.41 (d, J = 16.2 Hz, 1H), 6.29 (d, J = 16.2 Hz, 1H), 6.19 (d, J = 16.2 Hz, 1H), 2.79-2.72 (m, 2H),
2.59-2.54 (m, 1H), 2.35-2.29 (m, 1H). *C{*H} NMR (CDCl;, 150 MHz): § 166.6, 136.2, 136.0, 134.7, 133.1,
132.8, 132.6, 132.1, 130.7, 130.3, 128.9, 128.6, 128.4, 128.3, 128.0, 126.8, 126.7, 126.6, 117.7, 104.8, 50.0,

45.4,31.3, 31.1. HRMS (ESI) m/z: [M+Na]" Calcd for CsH,;CIN,NaO, 475.1184; Found 475.1174.

N-O
! -
Me N* —0
Ve \_Ph
Ph 3p

7,8-Dimethyl-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-i
um-3-olate (3p)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (67.9 mg, 76%), mp 99.1-99.7 °C. *H NMR (CDCls,
600 MHz): & 7.92 (s, 1H), 7.44-7.43 (m, 2H), 7.34 (t, J = 7.8 Hz, 2H), 7.31-7.27 (m, 3H), 7.25-7.22 (m, 2H),

7.19-7.17 (m, 1H), 7.03 (s, 1H), 6.76 (d, J = 16.2 Hz, 1H), 6.40 (d, J = 16.2 Hz, 1H), 6.32 (d, J = 16.2 Hz, 1H),
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6.21 (d, J = 16.2 Hz, 1H), 2.76-2.69 (m, 2H), 2.56-2.51 (m, 1H), 2.34 (s, 3H), 2.32-2.27 (m, 1H), 2.26 (s, 3H).
BC{*H} NMR (CDCls, 150 MHz): & 167.0, 141.7, 137.7, 136.5, 136.4, 132.6, 131.9, 131.4, 129.9, 129.4,
128.9, 128.5, 128.1, 127.8, 127.5, 127.4, 126.7, 126.6, 117.9, 104.2, 50.0, 45.5, 31.14, 31.08, 20.0, 19.7.

HRMS (ESI) m/z: [M+Na]* Calcd for CsoH2sN2NaO, 469.1886; Found 469.1875.

N-O
Nt =0
\_Ph
0
0 \
Ph 3q

9c,11a-Di((E)-styryl)-9¢,10,11,11a-tetrahydrocyclobuta[c][1,3]dioxolo[4,5-f][1,2,3]oxadiazolo[3,4-a]quin
olin-4-ium-1-olate (3q)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (64.8 mg, 70%), mp 198.5-199.4 °C. 'H NMR
(CDCl3, 600 MHz): & 7.75 (d, J = 9.0 Hz, 1H), 7.38 (d, J = 7.2 Hz, 2H), 7.30-7.25 (m, 6H), 7.22-7.20 (m, 2H),
6.94 (d, J = 8.4 Hz, 1H), 6.74 (d, J = 16.2 Hz, 1H), 6.31-6.23 (m, 3H), 6.03 (d, J = 30.0 Hz, 2H), 2.87-2.81 (m,
1H), 2.72-2.68 (m, 1H), 2.46-2.41 (m, 2H). *C{*H} NMR (CDCls;, 150 MHz): & 166.4, 150.6, 146.2, 136.6,
136.5, 132.7, 131.8, 129.1, 128.7, 128.6, 127.9, 127.8, 126.9, 126.5, 126.1, 124.3, 117.6, 111.7, 108.1, 103.3,
102.8, 48.1, 45.2, 31.2, 29.9. HRMS (ESI) m/z: [M+Na]" Calcd for CyoH,,N,NaO, 485.1472; Found

485.1463.

3b,5a-Di((E)-styryl)-3b,4,5,5a-tetrahydrobenzo[g]cyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-12-ium-3
-olate (3r)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (70.3 mg, 75%), mp 116.1-116.7 °C. 'H NMR
(CDCls, 600 MHz): & 8.70 (s, 1H), 7.97-7.96 (m, 1H), 7.79-7.77 (m, 1H), 7.74 (s, 1H), 7.59-7.55 (m, 2H),

751 (d, J = 7.8 Hz, 2H), 7.38 (t, J = 7.8 Hz, 2H), 7.33-7.29 (m, 3H),7.24-7.22 (m, 2H), 7.18 (t, J = 7.2 Hz,
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1H), 6.95 (d, J = 16.2 Hz, 1H), 6.46 (d, J = 16.2 Hz, 1H), 6.40 (d, J = 16.2 Hz, 1H), 6.25 (d, J = 16.2 Hz, 1H),
2.83-2.73 (m, 2H), 2.60-2.57 (m, 1H), 2.38-2.33 (m, 1H). *C{*H} NMR (CDCls, 150 MHz): & 167.1, 136.4,
136.3, 134.5, 132.9, 132.2, 131.8, 131.0, 129.0, 128.88, 128.86, 128.8, 128.7, 128.6, 128.3, 128.2, 128.0,
127.9, 127.44, 127.36, 126.75, 126.73, 117.0, 105.7, 50.4, 45.9, 31.1, 30.8. HRMS (ESI) m/z: [M+Na]" Calcd

for C32H24N2NaO, 491.1730; Found 491.1727.

3b,5a-Di((E)-styryl)-3b,4,5a,11-tetrahydro-5H-cyclobuta[c]indeno[1,2-g][1,2,3]oxadiazolo[3,4-a]quinolin
-13-ium-3-olate (3s)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (70.9 mg, 70%), mp 141.1-142.5 °C. 'H NMR
(CDCl3, 600 MHz): & 8.33 (s, 1H), 7.74-7.73 (m, 1H), 7.65 (s, 1H), 7.59-7.57 (m, 1H), 7.47 (d, J = 7.2 Hz,
2H), 7.37-7.35 (m, 4H), 7.33-7.30 (m, 3H), 7.26-7.23 (m, 2H), 7.20-7.18 (m, 1H), 6.85 (d, J = 16.2 Hz, 1H),
6.46-6.41 (m, 2H), 6.25 (d, J = 16.2 Hz, 1H), 4.01 (s, 2H), 2.82-2.76 (M, 2H), 2.62-2.58 (M, 1H), 2.41-2.36 (m,
1H). BC{"H} NMR (CDCls, 150 MHz): § 167.0, 145.7, 144.0, 143.5, 139.7, 136.41, 136.40, 133.4, 132.8,
132.2, 129.4, 128.9, 128.54, 128.51, 128.2, 128.0, 127.9, 127.4, 127.3, 126.7, 125.4, 121.0, 120.0, 114.1,
104.4, 50.7, 45.5, 36.9, 31.3, 31.2. HRMS (ESI) m/z: [M+Na]" Calcd for CssH26N2NaO, 529.1886; Found

529.1885.

3b,5a-Di((E)-styryl)-3b,4,5,5a-tetrahydrobenzo[4,5]thieno[2,3-g]cyclobuta[c][1,2,3]oxadiazolo[3,4-a]qui

nolin-13-ium-3-olate (3t)
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Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (75.5 mg, 72%), mp 154.2-155.8 °C. 'H NMR
(CDCl3, 600 MHz): & 8.91 (s, 1H), 8.24-8.21 (m, 1H), 7.87-7.84 (m, 1H), 7.76 (s, 1H), 7.55-7.53 (m, 2H),
7.49 (d, J = 7.2 Hz, 2H), 7.38 (t, J = 7.8 Hz, 2H), 7.33-7.31 (m, 3H), 7.26-7.23 (m, 2H), 7.19 (t, J = 7.2 Hz,
1H), 6.91 (d, J = 16.8 Hz, 1H), 6.45-6.42 (m, 2H), 6.25 (d, J = 16.2 Hz, 1H), 2.83-2.76 (m, 2H), 2.63-2.59 (m,
1H), 2.43-2.37 (m, 1H). BC{*H} NMR (CDCls, 150 MHz): & 167.0, 143.2, 140.3, 136.3, 136.2, 135.5, 134.4,
133.0, 132.5, 132.3, 129.0, 128.7, 128.6, 128.4, 128.2, 128.0, 127.2, 126.8, 126.7, 125.3, 123.10, 123.08,
122.3, 110.5, 105.0, 50.7, 45.8, 31.3, 31.0. HRMS (ESI) m/z: [M+Na]" Calcd for C34H2sN;NaO,S 547.1451;

Found 547.1444.

3b,5a-Bis((E)-4-methylstyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-
3-olate (3u)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (72.3 mg, 81%), mp 187.2-187.7 °C. 'H NMR
(CDCls, 600 MHz): & 8.15 (dd, J; = 7.8 Hz, J, = 1.8 Hz, 1H), 7.50-7.45 (m, 2H), 7.33-7.32 (m, 3H), 7.20 (d, J
= 8.4 Hz, 2H), 7.15 (d, J = 7.8 Hz, 2H), 7.05 (d, J = 7.8 Hz, 2H), 6.75 (d, J = 16.2 Hz, 1H), 6.36 (d, J = 15.6
Hz, 1H), 6.27 (d, J = 16.2 Hz, 1H), 6.16 (d, J = 15.6 Hz, 1H), 2.77-2.69 (m, 2H), 2.57-2.54 (m, 1H), 2.35 (s,
3H), 2.33-2.30 (m, 4H). *C{*H} NMR (CDCls, 150 MHz): 5 167.0, 138.2, 137.7, 134.3, 133.6, 133.5, 132.6,
132.1, 132.0, 129.7, 129.6, 129.4, 129.2, 128.5, 127.9, 126.6, 126.5, 126.3, 117.3, 104,7, 50.2, 45.4, 31.4, 31.0,

21.22, 21.21. HRMS (ESI) m/z: [M+Na]" Calcd for C5oH2sN,NaO, 469.1886; Found 469.1880.

S15



3b,5a-Bis((E)-4-ethylstyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3-
olate (3v)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (78.8 mg, 83%), mp 155.5-156.9 °C. 'H NMR
(CDCls, 600 MHz): & 8.15-8.14 (m, 1H), 7.49-7.45 (m, 2H), 7.36 (d, J = 7.8 Hz, 2H), 7.33 (dd, J, = 7.8 Hz, J,
= 1.8 Hz, 1H), 7.24-7.23 (m, 2H), 7.18 (d, J = 7.8 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 6.76 (d, J = 16.2 Hz, 1H),
6.38 (d, J = 16.2 Hz, 1H), 6.29 (d, J = 16.2 Hz, 1H), 6.18 (d, J = 16.2 Hz, 1H), 2.77-2.70 (m, 2H), 2.65 (q, J =
7.8 Hz, 2H), 2.61-2.54 (m, 3H), 2.34-2.28 (m, 1H), 1.24 (t, J = 7.8 Hz, 3H), 1.19 (t, J = 7.8 Hz, 3H). *C{*H}
NMR (CDCl3, 150 MHz): 6 167.0, 144.6, 144.1, 134.3, 133.9, 133.8, 132.7, 132.1, 132.0, 129.7, 129.4, 128.5,
128.4, 128.1, 128.0, 126.74, 126.65, 126.3, 117.3, 104.7, 50.3, 45.4, 31.4, 31.0, 28.7, 28.6, 15.6, 15.5. HRMS

(ESI) m/z: [M+Na]" Calcd for C3,H3N,NaO, 497.2199; Found 497.2190.

3b,5a-Bis((E)-2-([1,1'-biphenyl]-4-yl)vinyl)-3b,4,5,5a-tetrahydrocyclobutalc][1,2,3]oxadiazolo[3,4-a]quin
olin-10-ium-3-olate (3w)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (77.6 mg, 68%), mp 239.8-240.3 °C. 'H NMR
(CDCls3, 600 MHz): 6 8.17 (dd, J; = 8.4 Hz, J, = 1.8 Hz, 1H), 7.59-7.54 (m, 6H), 7.52-7.47 (m, 6H), 7.44-7.38
(m, 6H), 7.36-7.29 (m, 3H), 6.82 (d, J = 16.2 Hz, 1H), 6.48 (d, J = 16.2 Hz, 1H), 6.39 (d, J = 16.2 Hz, 1H),

6.28 (d, J = 16.2 Hz, 1H), 2.82-2.74 (m, 2H), 2.61-2.58 (m, 1H), 2.38-2.33 (m, 1H). *C{*H} NMR (CDCls,
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150 MHz): 6 166.9, 141.1, 140.65, 140.60, 140.5, 135.4, 135.3, 134.2, 132.4, 132.1, 131.9, 129.7, 129.4, 129.1,
128.9, 128.8, 128.7, 127.59, 127.57, 127.4, 127.3, 127.24, 127.19, 127.1, 127.00, 126.95, 117.4, 104.5, 50.4,

45.5, 31.3, 31.1. HRMS (ESI) m/z: [M+Na]" Calcd for C4oH3N2NaO, 593.2199; Found 593.2192.

3b,5a-Bis((E)-4-fluorostyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3
-olate (3x)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (64.5 mg, 71%), mp 220.1-220.9 °C. 'H NMR
(CDCls, 600 MHz): § 8.17 (dd, J; = 8.4 Hz, J, = 1.8 Hz, 1H), 7.54-7.48 (m, 2H), 7.39-7.36 (m, 2H), 7.33 (dd,
J1= 7.8 Hz, J, = 1.8 Hz, 1H), 7.29-7.26 (m, 2H), 7.05-7.01 (m, 2H), 6.96-6.93 (m, 2H), 6.72 (d, J = 16.2 Hz,
1H), 6.40 (d, J = 16.2 Hz, 1H), 6.23 (d, J = 16.2 Hz, 1H), 6.12 (d, J = 15.6 Hz, 1H), 2.77-2.71 (m, 2H),
2.58-2.54 (m, 1H), 2.37-2.32 (m, 1H). *C{*H} NMR (CDCls, 150 MHz): & 166.8, 162.7 (d, *Jc.r = 247.2 Hz),
162.5 (d, *Jc.r = 246.2 Hz), 134.1, 132.47 (d, “Jcr = 3.3 Hz), 132.37 (d, “Jcr = 3.3 Hz), 132.1, 131.7, 131.2,
129.6, 129.3, 128.8, 128.7, 128.2 (d, %Jc.r = 7.7 Hz), 128.1 (d, *Jc.r = 7.7 Hz), 126.9 (d, Jc.r = 2.3 Hz), 117.4,
115.8 (d, 2Jc.r = 21.9 Hz), 115.5 (d, 2Jc.r = 20.9 Hz), 104.3, 50.1, 45.3, 31.15, 31.12. °F NMR (565 MHz,
CDCls) &: -113.25 — -113.30, -113.78 — -113.83 (m). HRMS (ESI) m/z: [M+Na]* Calcd for CysHa0F2NoNaO,

477.1385; Found 477.1379.
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3b,5a-Bis((E)-4-chlorostyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3
-olate (3y)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (74.1 mg, 76%), mp 204.5-205.3 °C. 'H NMR
(CDCl3, 600 MHz): 8.16 (d, J, = 8.4 Hz, J, = 1.8 Hz, 1H), 7.54-7.48 (m, 2H), 7.33-7.29 (m, 5H), 7.24-7.21 (m,
4H), 6.71 (d, J = 15.6 Hz, 1H), 6.40 (d, J = 15.6 Hz, 1H), 6.28 (d, J = 16.2 Hz, 1H), 6.17 (d, J = 16.2 Hz, 1H),
2.76-2.71 (m, 2H), 2.58-2.53 (m, 1H), 2.38-2.31 (m, 1H). *C{*H} NMR (CDCls, 150 MHz): & 166.8, 134.8,
134.6, 134.0, 133.9, 133.7, 132.2, 131.7, 131.2, 129.7, 129.6, 129.3, 129.1, 128.8, 128.7, 127.9, 127.74,
127.71, 117.4, 104.1, 50.2, 45.3, 31.2, 31.0. HRMS (ESI) m/z: [M+Na]" Calcd for C,gH20Cl,N,NaO, 509.0794;

Found 509.0788.

3b,5a-Bis((E)-4-bromostyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-
3-olate (32)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (76.1 mg, 66%), mp 204.5-205.3 °C. 'H NMR
(CDCls, 600 MHz): & 8.16 (dd, J; = 8.4 Hz, J, = 1.8 Hz, 1H), 7.54-7.48 (m, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.37
(d, J = 8.4 Hz, 2H), 7.31 (dd, J; = 7.8 Hz, J, = 1.8 Hz, 1H), 7.27-7.25 (m, 2H), 7.16 (d, J = 8.4 Hz, 2H), 6.69
(d, J = 16.2 Hz, 1H), 6.38 (d, J = 16.2 Hz, 1H), 6.29 (d, J = 16.2 Hz, 1H), 6.18 (d, J = 16.2 Hz, 1H), 2.76-2.71
(m, 2H), 2.57-2.53 (m, 1H), 2.38-2.31 (m, 1H). *C{*H} NMR (CDCl;, 150 MHz): 5 166.8, 135.2, 135.1,
133.9, 132.2, 132.0, 131.8, 131.7, 131.3, 129.8, 129.6, 129.3, 128.8, 128.2, 128.0, 127.8, 122.2, 121.8, 117.4,
104.0, 50.2, 45.3, 31.2, 31.0. HRMS (ESI) m/z: [M+Na]" Calcd for CygH,BroN.NaO, 596.9784; Found

596.9782.
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3b,5a-Bis((E)-4-(trifluoromethyl)styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinoli
n-10-ium-3-olate (3aa)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (58.8 mg, 53%), mp 96.9-97.5 °C. *H NMR (CDCls,
600 MHz): & 8.20-8.18 (m, 1H), 7.59 (d, J = 8.4 Hz, 2H), 7.56-7.49 (m, 6H), 7.41 (d, J = 7.8 Hz, 2H),
7.33-7.31 (m, 1H), 6.80 (d, J = 16.2 Hz, 1H), 6.52 (d, J = 16.2 Hz, 1H), 6.42 (d, J = 16.2 Hz, 1H), 6.30 (d, J =
16.2 Hz, 1H), 2.81-2.75 (m, 2H), 2.62-2.58 (m, 1H), 2.42-2.37 (m, 1H). *C{*H} NMR (CDCls, 150 MHz): &
166.7, 139.6, 139.5, 133.6, 132.3, 131.74, 131.68, 131.2, 130.2 (q, 2Jor = 32.9), 129.8 (q, 2Jor = 31.8 Hz),
129.5, 129.4, 129.3, 128.9, 126.8, 126.7, 125.9 (q, 3Jc.r = 4.4 Hz), 125.6 (q, 3Jc.r = 4.4 Hz), 124.1 (g, Ydcr =
270.2 Hz), 124.0 (g, “Jcr = 270.2 Hz), 117.5, 103.7, 50.2, 45.4, 31.2, 30.9. *°F NMR (565 MHz, CDCls) &:

-62.56 (s), -62.60 (s). HRMS (ESI) m/z: [M+Na]" Calcd for CsoHa0FsN,NaO, 577.1321; Found 577.1317.

3b,5a-Bis((E)-4-cyanostyryl)-3b,4,5,5a-tetrahydrocyclobutalc][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3
-olate (3bb)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (57.2 mg, 61%), mp 145.4-146.2 °C. 'H NMR
(CDCls, 600 MHz): & 8.19 (dd, J; = 7.8 Hz, J, = 1.2 Hz, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.58-7.53 (m, 4H), 7.48
(d, J=8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 7.31 (dd, J; = 7.8 Hz, J, = 1.8 Hz, 1H), 6.76 (d, J = 16.2 Hz, 1H),

6.53 (d, J = 16.2 Hz, 1H), 6.44 (d, J = 16.2 Hz, 1H), 6.34 (d, J = 16.2 Hz, 1H), 2.82-2.74 (m, 2H), 2.61-2.57
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(m, 1H), 2.44-2.40 (m, 1H). ®*C{*H} NMR (CDCls, 150 MHz): § 166.6, 140.5, 140.3, 133.4, 133.0, 132.7,
132.5, 132.4, 131.5, 131.1, 130.5, 129.5, 129.3, 129.1, 127.1, 127.0, 118.7, 118.6, 117.5, 111.7, 111.3, 103.3,

50.3, 45.4, 31.4, 30.8. HRMS (ESI) m/z: [M+Na]" Calcd for C3oH2oNsNaO, 491.1478; Found 491.1472.

3b,5a-Bis((E)-3-methylstyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-
3-olate (3cc)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (69.7 mg, 78%), mp 175.2-176.9 °C. 'H NMR
(CDCl3, 600 MHz): § 8.15-8.14 (m, 1H), 7.51-7.45 (m, 2H), 7.33 (dd, J; = 7.8 Hz, J, = 1.8 Hz, 1H), 7.25-7.21
(m, 3H), 7.15-7.10 (m, 4H), 7.01 (d, J = 6.6 Hz, 1H), 6.76 (d, J = 16.2 Hz, 1H), 6.39 (d, J = 16.2 Hz, 1H), 6.32
(d, J = 15.6 Hz, 1H), 6.21 (d, J = 15.6 Hz, 1H), 2.78-2.71 (m, 2H), 2.58-2.54 (m, 1H), 2.35-2.30 (m, 4H), 2.27
(s, 3H). *C{*H} NMR (CDCls, 150 MHz): & 166.9, 138.5, 138.1, 136.4, 136.3, 134.2, 132.9, 132.3, 132.1,
129.7, 129.4, 129.01, 128.96, 128.8, 128.7, 128.6, 128.4, 127.5, 127.4, 127.2, 123.92, 123.87, 117.3, 104.6,
50.3, 45.4, 31.2, 31.0, 21.40, 21.35. HRMS (ESI) m/z: [M+Na]" Calcd for C3oHsN2NaO, 469.1886; Found

469.1877.

3b,5a-Bis((E)-3-chlorostyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3

-olate (3dd)

S20



Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (69.2 mg, 71%), mp 184.2-185.3 °C. 'H NMR
(CDCls, 600 MHz):  8.16 (dd, J; = 7.8 Hz, J, = 1.2 Hz, 1H), 7.55-7.49 (m, 2H), 7.39 (s, 1H), 7.32-7.30 (m,
2H), 7.28-7.24 (m, 3H), 7.19-7.17 (m, 3H), 6.71 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 6.32 (d, J =
16.2 Hz, 1H), 6.21 (d, J = 16.2 Hz, 1H), 2.77-2.72 (m, 2H), 2.58-2.55 (m, 1H), 2.39-2.33 (m, 1H). C{*H}
NMR (CDCl3, 150 MHz): 6 166.7, 138.1, 138.0, 134.9, 134.5, 133.8, 132.2, 131.7, 131.2, 130.6, 130.1, 129.8,
129.5, 129.3, 128.8, 128.5, 128.2, 127.9, 126.7, 126.6, 124.9, 124.7, 117.4, 103.9, 50.2, 45.3, 31.2, 30.9.

HRMS (ESI) m/z: [M+Na]" Calcd for CogH20CI2N,NaO, 509.0794; Found 509.0788.

3b,5a-Bis((E)-2-methylstyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-
3-olate (3ee)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (62.5 mg, 70%), mp 180.2-181.5 °C. *H NMR
(CDCls, 600 MHz): § 8.16 (dd, J; = 7.8 Hz, J, = 1.2 Hz, 1H), 7.53 (td, J, = 7.8 Hz, J, = 1.8 Hz, 1H), 7.48 (td,
J1=8.4Hz, J, =18Hz,1H), 7.43 (d, J = 7.2 Hz, 1H), 7.38 (dd, J; = 7.8 Hz, J, = 1.8 Hz, 1H), 7.33(d,J = 7.8
Hz, 1H), 7.20-7.18 (m. 2H), 7.16-7.06 (m, 4H), 6.99 (d, J = 16.2 Hz, 1H), 6.70 (d, J = 16.2 Hz, 1H), 6.21 (d, J
= 16.2 Hz, 1H), 6.07 (d, J = 15.6 Hz, 1H), 2.81-2.76 (m, 2H), 2.60-2.57 (m, 1H), 2.39 (s, 3H), 2.38-2.34 (m,
1H), 2.27 (s, 3H). *C{*H} NMR (CDCl;, 150 MHz): & 166.8, 135.9, 135.61, 135.58, 134.3, 132.1, 131.2,
130.8, 130.5, 130.3, 130.2, 129.7, 129.4, 128.6, 128.4, 128.1, 127.8, 126.4, 126.06, 126.03, 125.98, 117.3,
104.4, 50.2, 45.5, 31.4, 31.1, 19.9, 19.8. HRMS (ESI) m/z: [M+Na]" Calcd for C3oHxsN,NaO, 469.1886;

Found 469.1884.
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3b,5a-Bis((E)-2-chlorostyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3
-olate (3ff)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (74.1 mg, 76%), mp 170.3-171.4 °C. 'H NMR
(CDCls, 600 MHz): & 8.17 (dd, J; = 8.4 Hz, J, = 1.2 Hz, 1H), 7.55 (td, J; = 7.8 Hz, J, = 1.2 Hz, 1H), 7.51-7.49
(m, 1H), 7.47-7.45 (m, 2H), 7.38 (td, J; = 7.2 Hz, J, = 1.2 Hz, 2H), 7.30-7.29 (m, 1H), 7.22-7.17 (m, 2H),
7.16-7.11 (m, 3H), 6.90 (d, J = 16.2 Hz, 1H), 6.27 (d, J = 16.2 Hz, 1H), 6.21 (d, J = 15.6 Hz, 1H), 2.87-2.80
(m, 2H), 2.59-2.55 (m, 1H), 2.41-2.37 (m, 1H). ®*C{*H} NMR (CDCl;, 150 MHz): & 166.8, 134.8, 134.7,
134.0, 133.3, 132.3, 132.2, 129.9, 129.8, 129.63, 129.58, 129.5, 129.2, 129.0, 128.9, 128.7, 127.5, 127.2,
127.1, 126.9, 117.3, 104.0, 50.4, 45.4, 31.6, 30.7. HRMS (ESI) m/z: [M+Na]* Calcd for CasHa0Cl.N,NaO,

509.0794; Found 509.0795.

3b,5a-Bis((E)-4-fluoro-3-methylstyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin
-10-ium-3-olate (3gg)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (70.4 mg, 73%), mp 209.1-210.0 °C. *H NMR
(CDCls, 600 MHz): & 8.15-8.14 (m, 1H), 7.53-7.47 (m, 2H), 7.34 (d, J, = 7.8 Hz, J, = 1.2 Hz, 1H), 7.25-7.19
(m, 2H), 7.14 (d, J = 7.2 Hz, 1H), 7.11-7.09 (m, 1H), 6.96 (t, J = 9.0 Hz, 1H), 6.87 (t, J = 9.0 Hz, 1H), 6.70 (d,

J=16.2 Hz, 1H), 6.37 (d, J = 16.2 Hz, 1H), 6.22 (d, J = 16.2 Hz, 1H), 6.11 (d, J = 16.2 Hz, 1H), 2.77-2.71 (m,
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2H), 2.57-2.52 (m, 1H), 2.36-2.31 (m, 1H), 2.23 (s, 3H), 2.19 (s, 3H). *C{*H} NMR (CDCls;, 150 MHz): §
166.9, 161.3 (d, "Jc.r = 245.1 Hz), 161.1 (d, JJc.r = 245.1 Hz), 134.2, 132.3 (d, *Jc.r = 3.3 Hz), 132.2 (d, “Jcr
= 4.4 Hz), 132.1, 131.8, 131.3, 129.8 (d, *Jc.r = 5.4 Hz), 129.7 (d, *Jc.r = 5.6 Hz), 129.6, 129.4, 128.7, 128.6,
126.8, 125.6 (d, *Jc.r = 7.7 Hz), 125.5 (d, *Jc.r = 7.7 Hz), 125.3 (d, 2Jc.r = 17.4 Hz), 124.8 (d, 2Jc.r = 17.6 Hz),
117.3,115.4 (d, Yc.r = 23.1 Hz), 115.1 (d, Yc.r = 23.0 Hz), 104.4, 50.2, 45.3, 31.12, 31.05, 14.6 (d, %Jc.r = 3.3
Hz), 14.5 (d, *Jcr = 3.3 Hz). *°F NMR (565 MHz, CDCl3) &: -117.59 — -117.60 (m), -118.12 — -118.16 (m).

HRMS (ESI) m/z: [M+Na]" Calcd for CsoH24F2NoNaO, 505.1698; Found 505.1697.

3b,5a-Bis((E)-3,4-difluorostyryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-iu
m-3-olate (3hh)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (54.0 mg, 55%), mp 224.2-225.9 °C. 'H NMR
(DMSO-ds, 600 MHz): & 8.16-8.14 (m, 1H), 7.67-7.64 (m, 1H), 7.62-7.58 (m, 2H), 7.54-7.50 (m, 1H),
7.40-7.32 (m, 4H), 7.25 (br s, 1H), 6.86 (d, J = 16.2 Hz, 1H), 6.54-6.49 (m, 2H), 6.44 (d, J = 16.2 Hz, 1H),
2.76-2.69 (m, 2H), 2.42-2.37 (m, 2H). C{*H} NMR (DMSO-dg, 150 MHz): § 166.3, 150.2 (dd, *Jc.F = 243.9
Hz, 2Jcr = 21.9 Hz), 150.1 (d, Y. = 240.6 Hz), 149.34 (d, e = 243.9 Hz), 149.27 (d, Yc.r = 245.1 Hz),
134.9, 134.3, 132.9, 131.5, 129.9, 129.8, 129.72, 129.69, 129.5, 129.2, 124.01, 123.98, 118.1 (d, 2Jer =176
Hz), 118.0 (d, 2Jc.r = 17.6 Hz), 117.4, 115.4 (d, 2Jcr = 21.9 Hz), 115.3 (d, 2Jc.r = 21.9 Hz), 104.4, 50.0, 45.0,
30.8, 29.8. 9F NMR (565 MHz, DMSO-dg) &: -138.63 — -138.70 (m), -138.76 — -138.84 (m), -139.70 —
-139.78(m), -139.84 — -139.92 (m). HRMS (ESI) m/z: [M+Na]* Calcd for CagH15FsN,NaO, 513.1197; Found

513.1195.
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3b,5a-Bis((E)-2-(naphthalen-1-yl)vinyl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinoli
n-10-ium-3-olate (3ii)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (98.5 mg, 95%), mp 169.3-170.9 °C. 'H NMR
(CDCls, 600 MHz): & 8.16 (d, J = 7.8 Hz, 1H), 8.09 (d, J = 8.4 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.83 (d, J =
8.4 Hz, 1H), 7.77-7.75 (m, 2H), 7.69 (d, J = 8.4 Hz, 1H), 7.56-7.44 (m, 7H), 7.41-7.38 (m, 2H), 7.34-7.27 (m,
4H), 6.39 (d, J = 15.6 Hz, 1H), 6.26 (d, J = 15.6 Hz, 1H), 2.96-2.90 (m, 2H), 2.69-2.64 (m, 1H), 2.46-2.41 (m,
1H). BC{*H} NMR (CDCls, 150 MHz): & 167.0, 134.7, 134.4, 134.2, 133.7, 133.5, 132.9, 132.2, 131.3, 131.2,
130.9, 130.4, 130.0, 129.7, 129.5, 128.8, 128.7, 128.6, 128.4, 128.3, 126.5, 126.3, 126.1, 125.9, 125.7, 125.5,
1245, 124.4, 124.3, 123.7, 117.4, 104.3, 50.5, 45.7, 31.7, 31.2. HRMS (ESI) m/z: [M+Na]* Calcd for

C36H25N2Na02 541.1886; Found 541.1873.

3b,5a-Bis((E)-2-(thiophen-2-yl)vinyl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-1
0- ium-3-olate (3jj)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (41.3 mg, 48%), mp 110.0-111.9 °C. 'H NMR
(CDCls, 600 MHz): & 8.15 (dd, J; = 8.4 Hz, J, = 1.8 Hz, 1H), 7.53-7.47 (m, 2H), 7.34 (dd, J, = 7.8 Hz, J, =
1.2 Hz, 1H), 7.21 (d, J = 4.8 Hz, 1H), 7.12 (dd, J; = 5.4 Hz, J, = 1.2 Hz, 1H), 7.06 (d, J = 3.6 Hz, 1H),
7.02-7.01 (m, 1H), 6.92-6.89 (m, 3H), 6.52 (d, J = 15.6 Hz, 1H), 6.17 (d, J = 16.2 Hz, 1H), 6.05 (d, J = 16.2

Hz, 1H), 2.74-2.69 (m, 1H), 2.67-2.63 (m, 1H), 2.57-2.53 (m, 1H), 2.34-2.29 (m, 1H). *C{*H} NMR (CDCls,
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150 MHz): ¢ 166.9, 141.4, 133.8, 132.1, 129.6, 129.3, 128.7, 128.4, 127.7, 127.4, 126.7, 126.4, 126.0, 125.7,
125.1, 124.8, 117.4, 104.1, 50.3, 45.4, 31.3, 30.9. HRMS (ESI) m/z: [M+Na]" Calcd for Cp4H1sN2Na0,S;

453.0702; Found 453.0699.

3kk Ph

7-(2-(((8R,9S,13S,14S)-13-Methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenant
hren-3-yl)oxy)-2-oxoethyl)-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobutalc][1,2,3]oxadiazolo[3,4-a]
quinolin-10-ium-3-olate (3kk)

Eluent: petroleum ether/ethyl acetate (3:1). Yellow solid (99.1 mg, 68%), mp 141.6-142.4 °C. 'H NMR
(CDCl3, 600 MHz): & 8.16 (d, J = 8.4 Hz, 1H), 7.51 (dd, J; = 8.4 Hz, J, = 1.8 Hz, 1H), 7.42 (d, J = 7.2 Hz,
2H), 7.34-7.28 (M, 6H), 7.26-7.23 (m, 2H), 7.21-7.18 (m, 2H), 6.79 (d, J = 16.2 Hz, 1H), 6.75-6.72 (m, 2H),
6.42 (d, J = 16.2 Hz, 1H), 6.34 (d, J = 16.2 Hz, 1H), 6.21 (d, J = 16.2 Hz, 1H), 3.87 (s, 2H), 3.72 (t, J = 8.4 Hz,
1H), 2.81-2.73 (m, 3H), 2.59-2.54 (m, 1H), 2.38-2.26 (m, 2H), 2.20-2.07 (m, 2H), 1.96-1.93 (m, 1H),
1.87-1.83 (m, 1H), 1.71-1.66 (m, 1H), 1.52-1.44 (m, 2H), 1.42-1.39 (m, 1H), 1.36-1.33 (m, 1H), 1.30-1.26 (m,
2H), 1.19-1.14 (m, 1H), 0.76 (s, 3H). *C{*H} NMR (CDCls, 150 MHz): 5 169.2, 166.9, 148.2, 138.42, 138.39,
138.1, 136.3, 136.2, 134.5, 132.9, 132.5, 130.3, 129.7, 128.9, 128.8, 128.5, 128.3, 127.9, 127.1, 126.73,
126.72, 126.5, 121.2, 118.2, 117.7, 104.5, 81.8, 50.3, 50.1, 45.5, 44.1, 43.2, 41.0, 38.5, 36.7, 31.2, 31.1, 30.6,

29.5, 27.0, 26.2, 23.1, 11.0. HRMS (ESI) m/z: [M+Na]* Calcd for C4gHasN,NaOs 751.3142; Found 751.3169.
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7-(2-(2-1sopropyl-5-methylphenoxy)-2-oxoethyl)-3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1

,2,3]Joxadiazolo[3,4-a]quinolin-10-ium-3-olate (3lI)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (74.3 mg, 61%), mp 86.4-87.1 °C. *H NMR (CDCls,
600 MHz): 6 8.17 (d, J = 8.4 Hz, 1H), 7.53 (dd, J, = 8.4 Hz, J, = 1.8 Hz, 1H), 7.42-7.40 (m, 2H), 7.33-7.30 (m,
5H), 7.29-7.23 (m, 3H), 7.20-7.18 (m, 1H), 7.14 (d, J = 7.8 Hz, 1H), 7.00 (d, J = 7.8 Hz, 1H), 6.80 (d, J = 16.2
Hz, 1H), 6.74 (d, J = 0.6 Hz, 1H), 6.42 (d, J = 15.6 Hz, 1H), 6.33 (d, J = 16.2 Hz, 1H), 6.22 (d, J = 16.2 Hz,
1H), 3.90 (s, 2H), 2.80-2.73 (m, 3H), 2.59-2.56 (m, 1H), 2.37-2.32 (m, 1H), 2.26 (s, 3H), 1.05 (t, J = 7.2 Hz,
6H). *C{*H} NMR (CDCls, 150 MHz): 5 169.1, 166.9, 147.7, 138.1, 136.8, 136.7, 136.3, 136.2, 134.6, 133.0,
132.6, 130.4, 129.7, 128.9, 128.8, 128.7, 128.6, 128.3, 128.0, 127.5, 127.1, 126.75, 126.71, 126.5, 122.5,
117.7, 1045, 50.3, 455, 41.1, 31.3, 31.1, 27.1, 22.9, 20.8. HRMS (ESI) m/z: [M+Na]® Calcd for

CaoH3sN2NaO,4 631.2567; Found 631.2562.

3mm

3b,5a-Bis((E)-4-((2-isopropyl-5-methylphenoxy)carbonyl)styryl)-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]

oxadiazolo[3,4-a]quinolin-10-ium-3-olate (3mm)

Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (100.2 mg, 65%), mp 128.5-129.9 °C. 'H NMR
(CDCls, 600 MHz): & 8.20-8.18 (m, 3H), 8.12 (d, J = 7.8 Hz, 2H), 7.57-7.51 (m, 4H), 7.47 (d, J = 8.4 Hz, 2H),
7.35 (dd, J, = 7.8 Hz, J, = 1.2 Hz, 1H), 7.24-7.21 (m, 2H), 7.07-7.04 (m, 2H), 6.92 (d, J = 9.0 Hz, 2H), 6.87 (d,
J=16.2 Hz, 1H), 6.60 (d, J = 16.2 Hz, 1H), 6.52 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 3.06-3.00 (m,
2H), 2.85-2.80 (M, 2H), 2.64-2.61 (m, 1H), 2.44-2.40 (m, 1H), 2.33 (s, 3H), 2.32 (s, 3H), 1.21-1.18 (m, 12H).
Bc{*H} NMR (CDCls, 150 MHz): & 166.8, 165.1, 165.0, 148.2, 148.1, 141.3, 141.1, 137.23, 137.18, 136.75,

136.67, 133.7, 132.4, 132.2, 132.1, 131.6, 130.8, 130.6, 130.0, 129.6, 129.3, 129.2, 129.0, 128.9, 137.3, 127.2,
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126.9, 126.8, 126.6, 126.5, 122.93, 122.89, 117.5, 103.8, 50.4, 45.5, 31.3, 31.0, 27.4, 27.3, 23.1, 20.92, 20.91.

HRMS (ESI) m/z: [M+H]" Calcd for CsoH47N,Og 771.3429; Found 771.3419.

3b,5a-Bis((E)-4-((((2)-3,7-dimethylocta-2,6-dien-1-yl)oxy)carbonyl)styryl)-3b,4,5,5a-tetrahydrocyclobut
a[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3-olate (3nn)
Eluent: petroleum ether/ethyl acetate (5:1). Yellow solid (93.5 mg, 60%), mp 55.3-56.2 °C. *H NMR (CDCls,
600 MHz): 6 8.17 (dd, J; = 8.4 Hz, J, = 1.8 Hz, 1H), 8.01 (d, J = 8.4 Hz, 2H), 7.93 (d, J = 8.4 Hz, 2H),
7.55-7.49 (m, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 9.0 Hz, 2H), 7.33 (dd, J; = 7.8 Hz, J, = 1.8 Hz, 1H),
6.81 (d, J = 16.2 Hz, 1H), 6.51 (d, J = 16.2 Hz, 1H), 6.44 (d, J = 15.6 Hz, 1H), 6.33 (d, J = 15.6 Hz, 1H),
5.50-5.46 (m, 2H), 5.13-5.09 (M, 2H), 4.82-4.78 (m, 4H), 2.81-2.76 (m, 2H), 2.60-2.57 (m, 1H), 2.42-2.37 (m,
1H), 2.20-2.16 (m, 4H), 2.13-2.09 (m, 4H), 1.80 (s, 3H), 1.79 (s, 3H), 1.67 (s, 3H), 1.66 (s, 3H), 1.60 (s, 3H),
1.59 (s, 3H). “C{*H} NMR (CDCls, 150 MHz): & 166.8, 166.3, 166.2, 142.8, 142.7, 140.5, 140.3, 133.7,
132.3, 132.22, 132.20, 132.1, 131.7, 131.6, 130.2, 130.1, 130.0, 129.8, 129.53, 129.50, 129.3, 128.8, 126.5,
126.4, 123.6, 119.3, 119.2, 117.4, 103.9, 61.7, 61.6, 50.3, 45.4, 32.25, 32.23, 31.17, 31.0, 26.7, 25.7, 23.6,
23.5, 17.7. HRMS (ESI) m/z: [M+H]" Calcd for CsoHssN.Og 779.4055; Found 779.4057.
2. Structural elaborations of 3a
2.1 Synthesis of 4%

To a reaction tube equipped with a stir bar were charged with 3a (41.8 mg, 0.1 mmol), toluene (1 mL) and
dimethyl but-2-ynedioate (14.8 pL, 0.12 mmol). The tube was then sealed, and the resulting mixture was
stirred at 115 °C for 12 h. Upon completion, it was quenched with saturated brine and extracted with ethyl

acetate for three times. The combined organic layers were dried over anhydrous Na,SO,, filtered and
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concentrated under reduced pressure. The residue was purified by column chromatography on silica gel with

petroleum ether/ethyl acetate (10:1) as the eluent to give 4 (42.9 mg, 83%).

Dimethyl 3b,5a-di((E)-styryl)-3b,4,5,5a-tetrahydrocyclobuta[c]pyrazolo[1,5-a]quinoline-2,3-
dicarboxylate (4)

Eluent: petroleum ether/ethyl acetate (10:1). Yellow solid (42.9 mg, 83%), mp 61.1-62.5 °C. *H NMR (CDCls,
600 MHz):  8.26 (dd, J; = 8.4 Hz, J, = 1.2 Hz, 1H), 7.39-7.37 (m, 3H), 7.31 (t, J = 7.8 Hz, 2H), 7.28-7.23 (m,
6H), 7.22-7.18 (m, 2H), 6.67 (d, J = 16.2 Hz, 1H), 6.34 (d, J = 16.2 Hz, 1H), 6.30-6.27 (m, 2H), 3.99 (s, 3H),
3.60 (s, 3H), 2.89-2.84 (m, 1H), 2.71-2.67 (m, 2H), 2.36-2.31 (m, 1H). *C{*H} NMR (CDCls, 150 MHz): 5
163.1, 162.7, 144.1, 144.0, 136.6, 136.5, 133.4, 131.6, 131.2, 130.8, 130.7, 129.4, 128.8, 128.61, 128.58,
128.3, 127.9, 127.8, 127.4, 126.54, 126.48, 117.2, 114.4, 52.7, 52.0, 50.2, 48.4, 32.8, 30.8. HRMS (ESI) m/z:
[M+Na]* Calcd for Ca3H2sN2NaO, 539.1941; Found 539.1932.

2.2 Synthesis of 5!

To a reaction tube equipped with a stir bar were charged with 3a (41.8 mg, 0.1 mmol), THF (1 mL), aryne
precursor (35.8 mg, 0.12 mmol) and TBAF (0.16 mL, 1 mol/L in THF). The tube was then sealed, and the
resulting mixture was stirred at room temperature under argon for 12 h. Upon completion, the reaction mixture
was poured into saturated aqueous NaHCO3 and extracted with EtOAc for three times. The combined organic
layers were dried over anhydrous Na,SOy, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel with petroleum ether/ethyl acetate (30:1) as the eluent to give

5 (29.1 mg, 64%).
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2a,12c¢-Di((E)-styryl)-1,2,2a,12c-tetrahydrocyclobuta[c]indazolo[2,3-a]quinoline (5)

Eluent: petroleum ether/ethyl acetate (30:1). White solid (29.1 mg, 64%), mp 211.7-212.1 °C. *H NMR
(CDCl3, 600 MHz): & 8.46 (d, J = 7.8 Hz, 1H), 7.76 (d, J = 9.0 Hz, 1H), 7.50 (d, J = 8.4 Hz, 1H), 7.44-7.41 (m,
1H), 7.38 (d, J = 7.2 Hz, 2H), 7.34-7.20 (m, 11H), 6.93 (t, J = 7.8 Hz, 1H), 6.63 (d, J = 15.6 Hz, 1H),
6.57-6.50 (M, 2H), 6.41 (d, J = 16.8 Hz, 1H), 2.90-2.86 (m, 1H), 2.80-2.76 (m, 1H), 2.62-2.57 (m, 1H),
2.42-2.38 (m, 1H). *C{*H} NMR (CDCls, 150 MHz): & 149.5, 136.8, 136.7, 135.0, 133.3, 132.0, 131.5, 131.4,
131.3, 130.1, 129.0, 128.8, 128.7, 128.3, 127.80, 127.78, 127.22, 127.19, 126.6, 126.5, 121.7, 121.0, 120.5,
118.0, 117.8, 50.6, 48.6, 31.6, 31.4. HRMS (ESI) m/z: [M+H]" Calcd for Ca3HxN, 451.2169; Found
451.2172.

2.3 Synthesis of 6!

To a reaction tube equipped with a stir bar were charged with 3a (41.8 mg, 0.1 mmol), toluene (1 mL) and
N-methylmaleimide (22.2 mg, 0.2 mmol). The tube was then sealed, and the resulting mixture was stirred at
115 °C for 12 h. Upon completion, it was quenched with saturated brine and extracted with ethyl acetate for
three times. The combined organic layers were dried over anhydrous Na,SO,, filtered and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel with petroleum ether/ethyl

acetate (20:1) as the eluent to give 6 (30.4 mg, 51%).
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10,14-Dimethyl-2a,11c-di((E)-styryl)-1,2,2a,8a,11a,11c-hexahydro-9H-8,11b-[3,4]epipyrrolocyclobutalc]
pyrrolo[3',4':3,4]pyrazolo[1,5-a]quinoline-9,11,13,15(10H)-tetraone (6)

Eluent: petroleum ether/ethyl acetate (20:1). Yellow solid (30.4 mg, 51%), mp 197.6-198.1 °C. 'H NMR
(CDCl3, 600 MHz): & 7.52-7.50 (m, 4H), 7.47 (dd, J; = 8.4 Hz, J, = 1.2 Hz, 1H), 7.35 (t, J = 7.8 Hz, 2H),
7.29-7.23 (m, 3H), 7.22-7.16 (m, 3H), 7.11-7.09 (m, 1H), 6.97 (dd, J; = 7.8 Hz, J, = 1.2 Hz, 1H), 6.81-6.78 (m,
1H), 6.51-6.45 (m, 2H), 4.10 (d, J = 7.2 Hz, 1H), 4.07 (d, J = 6.0 Hz, 1H), 3.15 (d, J = 6.6 Hz, 1H), 2.99-2.97
(m, 4H), 2.81-2.75 (m, 1H), 2.54-2.50 (m, 1H), 2.30 (s, 3H), 2.07-2.02 (m, 1H), 1.61-1.58 (m, 1H). *C{*H}
NMR (CDClIs3, 150 MHz): 6 173.63, 173.56, 172.5, 172.1, 138.7, 137.8, 137.5, 134.4, 132.7, 132.0, 130.1,
129.1, 128.68, 128.67, 128.3, 127.6, 127.5, 127.3, 126.7, 126.5, 123.4, 117.9, 82.2, 71.1, 69.7, 54.1, 51.7, 51.5,
50.1, 30.3, 26.1, 25.3, 24.4. HRMS (ESI) m/z: [M+Na]" Calcd for C3;H3,N4NaO, 619.2316; Found 619.2320.
2.4 Synthesis of 71!

To a reaction tube equipped with a stir bar were charged with 3a (41.8 mg, 0.1 mmol), ethyl acetate (2 mL)
and Pd/C (42.6 mg, 0.04mmol). The tube was then sealed, and the resulting mixture was stirred at rt under H,
(balloon) for 24 h. Upon completion, the mixture was filtered over celite. The filtrate was concentrated under
reduced pressure, and the residue was purified by silica gel column chromatography with petroleum

ether/ethyl acetate (10:1) as eluent to afford 7 (32.1 mg, 76%).

N-O
Nt /O

Ph

Ph 7
3b,5a-Diphenethyl-3b,4,5,5a-tetrahydrocyclobuta[c][1,2,3]oxadiazolo[3,4-a]quinolin-10-ium-3-olate (7)
Eluent: petroleum ether/ethyl acetate (10:1). White solid (32.1 mg, 76%), mp 147.6-148.3 °C. 'H NMR
(CDCls, 600 MHz): 6 8.14 (dd, J; = 7.8 Hz, J, = 1.2 Hz, 1H), 7.65-7.62 (m, 1H), 7.55-7.54 (m, 1H), 7.50-7.47

(m, 1H), 7.29-7.27 (m, 4H), 7.25-7.22 (m, 2H), 7.20-7.15 (m, 2H), 7.03 (d, J = 7.2 Hz, 2H), 2.87-2.77 (m, 2H),
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2.69-2.63 (m, 1H), 2.56-2.50 (m, 1H), 2.46-2.35 (m, 3H), 2.27-2.14 (m, 4H), 2.11-2.07 (m, 1H). *C{*H}
NMR (CDCls, 150 MHz): 6 166.5, 141.9, 141.0, 136.6, 132.3, 130.6, 128.6, 128.5, 128.3, 128.1, 127.9, 126.3,
126.1, 117.1, 105.7, 47.1, 41.8, 38.7, 35.6, 35.0, 32.2, 32.0, 31.4. HRMS (ESI) m/z: [M+Na]* Calcd for
CasH26N2NaO, 445.1886; Found 445.1882.
3. Gram-scale synthesis of 3a

To a reaction tube equipped with a stir bar were charged with 3-phenyl-1,2,3-oxadiazol-3-ium-5-olate (1a,
648.6 mg, 4 mmol), DCE (40 mL), [Cp*RhCl;], (61.8 mg, 0.1 mmol), AgOAc (133.5 mg, 0.8 mmol),
TEMPO (625 mg, 4 mmol) and 1-phenylbuta-2,3-dien-1-yl acetate (2a, 1882.3 mg, 10 mmol). The tube was
then sealed, and the resulting mixture was stirred at 50 °C under argon for 24 h. Upon completion, it was
cooled to room temperature, quenched with water and extracted with dichloromethane for three times. The
combined organic phases were dried over anhydrous Na,SOy, filtered and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography with petroleum ether/ethyl acetate (5:1) as

eluent to afford 3a (1039.4 mg, 62%).
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I11. Mechanistic studies
1. H/D exchange experiment (I)

To a reaction tube equipped with a stir bar were charged with 1a (32.4 mg, 0.2 mmol), DCE (2 mL), D,0O
(36 uL, 2 mmol), [Cp*RhCI;]; (3.1 mg, 0.005 mmol), AgOAc (6.7 mg, 0.02 mmol) and TEMPO (31.3 mg, 0.2
mmol). The resulting mixture was stirred at 50 °C under argon for 5 h. Afterwards, it was cooled to room
temperature, quenched with water and extracted with dichloromethane for three times. The combined organic
phases were dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography using petroleum ether/ethyl acetate (3:1) as eluent to give a
mixture of 1a and la-d,. Upon analyzing the *H NMR spectrum of the mixture, the deuteration ratio at the
4-position of the sydnone moiety of 1a was determined to be about 60%. Meanwhile, H/D exchange at the

ortho-positions of the phenyl ring of 1a was not observed.

613 (O

’\/lu\/e\o_
©/ H/D

1aMa-d,
(400 MHz, CDCly)

b -

T T T T T T T T T T T T T T T T T
8 6 4 2 PPM

2. H/D exchange experiment (I1)
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To a reaction tube equipped with a stir bar were charged with 1a (32.4 mg, 0.2 mmol), 2a (94.1 mg, 0.5
mmol), DCE (2 mL), D,0 (36 uL, 2 mmol), [Cp*RhClI;], (3.1 mg, 0.005 mmol), AgOAc (6.7 mg, 0.02 mmol),
and TEMPO (31.3 mg, 0.2 mmol). The resulting mixture was stirred at 50 °C under argon for 5 h. Afterwards,
it was cooled to room temperature, quenched with water and extracted with dichloromethane for three times.
The combined organic phases were dried over anhydrous Na,SO,, filtered and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography using petroleum ether/ethyl acetate
(3:1) as eluent to give 3a and a mixture of la with 1a-d,. Upon analyzing the *"H NMR spectrum of the
mixture of 1a and la-d,, the deuteration ratio at the 4-position of the sydnone moiety of 1a was determined to
be about 50%. Meanwhile, H/D exchange at the unreacted phenyl ortho-position of product 3a was not

observed.

N-O
N* /O
©/ H/D
1a/1a-d,
301 (400 MHz, CDCl5)
f
|
2[00
I
I
“‘ 050
J Lk
‘8 T T T ‘6 T T T ‘4 T T T ‘2 T T T ‘OPPM

3. Kinetic isotope effect study
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To a reaction tube equipped with a stir bar were charged with 1a (32.4 mg, 0.2 mmol), 1a-ds (33.4 mg, 0.2

mmol), 2a (75.3 mg, 0.4 mmol), DCE (2 mL), [Cp*RhCI;], (3.1 mg, 0.005 mmol), AgOAc (6.7 mg, 0.04

mmol) and TEMPO (31.3 mg, 0.2 mmol). The resulting mixture was stirred at 50 °C under argon for 30 min.

Afterwards, it was cooled to room temperature, quenched with water and extracted with dichloromethane (10

mL > 3). The combined organic phases were dried over anhydrous Na,SO,, filtered and concentrated under

reduced pressure. The residue was purified by silica gel column chromatography using petroleum ether/ethyl

acetate (5:1) as eluent to give a mixture of 3a and 3a-d.. Upon analyzing the *H NMR spectrum of the mixture,

the ratio of 3a to 3a-d4 was determined to be about 0.63:0.37. Accordingly, the intermolecular KIE (kun/Kp)

was calculated to be about 1.7.

&S BBOEE3RNEERRER YN SRRNRILNIRE
o0 od D NSNS SN

\8l2\ T \8.0\ T \7.8\ \7.6\ T \7'4\ T \7'2\ T T 3al3a_d4
(400 MHz, DMSO-dg)

2.10

I
PPM
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IV. X-ray crystal structure and data for 3a

N-O
’\il_'_ / O_
c \.Ph
H
Qv ‘ \
@ PH 3a

Figure S1. X-ray crystal structure of 3a with 50% ellipsoid probability

X-ray structure determination. Single crystals suitable for X-ray diffraction were obtained by slow
evaporation of the solvent from an ethyl acetate/dichloromethane (10:1) solution of 3a. Crystal data collection
and refinement parameters of 3a are summarized in Table S1. Intensity data were collected at 293 K on a
SuperNova Dual diffractometer using mirror-monochromated Cu Ka radiation, A = 1.54184 A. The data were
corrected for decay, Lorentz, and polarization effects as well as absorption and beam corrections based on the
multi-scan technique. Using Olex2, the structure was solved with the SHELXS structure solution program
using Direct Methods and refined with the SHELXL refinement package using Least Squares minimisation.
Nonhydrogen atoms were refined with anisotropic displacement parameters. The H-atoms were either located

or calculated and subsequently treated with a riding model.

Table S1. Crystallographic data and structure refinement results of 3a

Empirical formula CaH22N,0;
Formula weight 418.47
Temp, K 293 (2)
Crystal system monoclinic
Space group P2;/c

a, A 9.1597(2)
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b, A 20.6723(4)
c, A 11.5149(2)
a (9 90

B (9 100.930(2)
y (9 90
Volume, A 2140.82(7)
Z 4

Deale, g €M > 1.298

A A 1.54184

u, mm* 0.651

No. of data collected 9658

No. of unique data 4041

Rint 0.0285
Goodness-of-fit on F? 1.070

R1, WR, (1> 26(1))

0.0543, 0.1318

R1, WR; (all data)

0.0706, 0.1384
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V. NMR spectra of 3a-3nn
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