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1. General information

"H NMR spectra were recorded on a Bruker DPX 400 MHz or 600 MHz spectrometer in
CDCls. Chemical shifts were reported in ppm with the internal TMS signal at 0.0 ppm as a
standard. The spectra are interpreted as: s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, dd = doublet of doublets, td = triplet of doublets, dt = doublet of triplets, ddd = doublet
of doublet of doublets, ddt = doublet of doublet of triplets, dtd = doublet of triplet of doublets,
brs = broad signals, coupling constant (s) J are reported in Hz and relative integrations are
reported. *C NMR spectra were recorded on a Bruker DPX 400 MHz or 600 MHz spectrometer
in CDCIls. Chemical shifts were reported in ppm with the internal chloroform signal at 77.16
ppm as a standard. '’F NMR (376 MHz) spectra were recorded on a Bruker DPX 400 MHz
spectrometer in CDCI; and referenced relative to CFCls. Melting points were obtained in open
capillary tubes using SGW X-4 micro melting point apparatus which were uncorrected. High-
resolution mass spectra (HRMS) were recorded on a JEOC AccuTOF LC-plus 4G mass
spectrometer using ESI (electrospray ionization). Anhydrous CH»Cl, was distilled from
calcium hydride. Anhydrous toluene was distilled from sodium/benzophenone. Other
anhydrous solvents (<30 ppm water, Karl-Fischer titration) were purchased from J&K and
stored over molecular sieves under an argon atmosphere. Lewis acids were purchased from
Laajoo, Adamas and Bide chemical company. Bicyclo[1.1.0]butanes (BCBs),!!! benzofuran-

derived oxadienes,””? (benzo)furan-derived azadienes!>*

and other a,f-unsaturated
compounds!® were synthesized according to the literature and spectral data of them were in

accordance with those reported in the literature.



2. Synthesis and Spectral Characterization of BCBs

BCBs 1 were synthesized according to the literature and spectral data of them was in

accordance with those reported in the literatures.!

These BCBs are stable at -20 °C and can be stored for several months without

decomposition.
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3. Synthesis and Spectral Characterization of Benzofuran-derived Oxadienes

Benzofuran-derived Oxadienes 2 were synthesized according to the literature and spectral

data of them was in accordance with those reported in the literatures.?!
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4. Synthesis and Spectral Characterization of (Benzo)furan-derived Azadienes

(Benzo)furan-derived Azadienes 5 were synthesized according to the literature and spectral

data of them was in accordance with those reported in the literatures.>

5§ 5k



5. Optimization studies

Table S1. Screening of benzofuran-derived azadienes of [21 + 25] cycloadditions

RN Ph
NR
BF3+Et,0 (10 mol%)
Ph%COZMe + @ﬁgz\ toluene. 25 °C @Eé@\cozwle + Ph—< >—CO,Me
(0] Ph R
Ph
1a 5 6 4a
Entry!® R Yield of 6 (%)™ Yield of 4a (%)™ Recovery of 5 (%)
1 Ts 33 40 -
2 Ns 27 42 8
3 Ms 99 42 -
4lel Ms 98 30 -
514l Ms 89 23 7
6L Ms 99 25 -
7t Ms 85 26 10

[a] Reaction conditions: 1a (0.20 mmol), 5 (0.10 mmol), BF;-Et,O (0.01 mmol, 10 mol%), toluene (2.0 mL), N, atmosphere, 25 <C,
10 mins. [b] Isolated yield. [c] with 1a (0.17 mmol). [d] with 1a (0.15 mmol). [e] toluene (1.5 mL) and the solution of 1a (0.30 M
in toluene, 0.15 mmol) was added dropwise within 5 mins. [f] toluene (1.5 mL) and the solution of 1a (0.24 M in toluene, 0.12

mmol) was added dropwise within 5 mins.



6. General procedure for the formal [2z + 26] cycloaddition

0 R!
BF3+Et,0 (10 mol%) N
R3_| \ e}
3 / toluene, 25 °C L o\
R¢ R?
1 3

General procedure A:

Under a nitrogen atmosphere, BCBs 1 (0.60 mmol, 3.0 equiv.) and benzofuran-derived
oxadienes 2 (0.20 mmol, 1.0 equiv.) were added sequentially into a flame-dried Schlenk tube
equipped with a magnetic stir bar. The tube was evacuated and back-filled with nitrogen for
five times. Then the anhydrous toluene (4.0 mL) was added via syringe sequentially. Then,
BF;-Et;O (2.8 mg, 0.02 mmol, 10 mol%) was added and the mixture was stirred at 25 °C until
2 was consumed (monitored by TLC) (10 mins were enough in all examples). Then, the reaction
mixture was quenched with water and extracted with ethyl acetate for three times. The resulted
filtrate was separated. The combined organic phase was dried over Na,SO4 and concentrated
under reduced pressure. The crude mixture was purified by column chromatography (petroleum

ether/ethyl acetate) to give the corresponding products 3.

O Ph

C:o‘\ @\COZMe

PR

methyl 3-o0x0-1',3'-diphenyl-3H-spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-4'-
carboxylate (3a): Following the general procedure A, compound 3a was obtained as a white
solid in 83% yield (68.1 mg); purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 20/1); Ry= 0.40 (petroleum ether/ethyl acetate = 10/1); m.p. = 161-163 °C;
'H NMR (400 MHz, CDCls) & 7.46 (dd, J = 7.7, 1.5 Hz, 1H), 7.36 (ddd, J = 8.5, 7.1, 1.5 Hz,
1H), 7.23 — 7.14 (m, 3H), 7.13 - 7.03 (m, 5H), 7.00 — 6.93 (m, 2H), 6.91 — 6.84 (m, 1H), 6.69
(d, J=8.4Hz, 1H), 4.34 (d, J = 2.3 Hz, 1H), 3.67 (s, 3H), 3.39 (dd, J = 9.5, 7.1 Hz, 1H), 3.13
(dd, J =9.5, 7.6 Hz, 1H), 2.53 (dd, J = 7.6, 2.4 Hz, 1H), 2.29 (d, J = 7.1 Hz, 1H); **C NMR
(100 MHz, CDCls) 6 202.3,172.1, 171.6, 138.0, 137.0, 136.2, 128.4(2C), 128.1(2C), 127.7(2C),
127.4, 126.9, 126.4(2C), 123.9, 121.7(2), 121.6(5), 112.8, 95.9, 58.5, 58.4, 52.1, 49.9, 44.5,
43.1; HRMS (ESI-TOF, m/z): calcd for C2;H2,04Na [M+Na]*: 433.1411, found: 433.1407.

In the reaction for preparation of 3a, methyl 3-phenylcyclobut-2-ene-1-carboxylate (4a)
was obtained as a colorless oil in 62% yield (35.0 mg); Ry= 0.80 (petroleum ether/ethyl acetate

=10/1); *H NMR (600 MHz, CDCls) § 7.39 — 7.31 (m, 4H), 7.30 — 7.26 (m, 1H), 6.28 (d, J =
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1.4 Hz, 1H), 3.72 (s, 3H), 3.69 — 3.65 (m, 1H), 3.08 (dd, J = 12.9, 4.8 Hz, 1H), 3.01 (dd, J =
12.9,2.1 Hz, 1H).1¢

methyl 3-oxo-3'-phenyl-1'-(o-tolyl)-3H-spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-
4'-carboxylate (3b): Following the general procedure A, compound 3b was obtained as a white
solid in 83% yield (70.5 mg); purified by silica gel column chromatography (petroleum
ether/ethyl acetate =20/1); Ry=0.35 (petroleum ether/ethyl acetate = 10/1); m.p. = 158-159 °C;
'H NMR (400 MHz, CDCls) 8 7.48 — 7.41 (m, 1H), 7.39 — 7.31 (m, 1H), 7.24 — 7.13 (m, 3H),
7.08 — 7.01 (m, 1H), 7.00 — 6.90 (m, 4H), 6.90 — 6.82 (m, 2H), 6.69 (d, J = 8.4 Hz, 1H), 4.36
(d, J=2.3 Hz, 1H), 3.67 (s, 3H), 3.48 (dd, /=9.6, 7.1 Hz, 1H), 3.26 (dd, J = 9.6, 7.6 Hz, 1H),
2.65 (dd, J = 7.6, 2.4 Hz, 1H), 2.35 — 2.27 (m, 4H); *C NMR (100 MHz, CDCls) § 202.5,
172.1, 171.4, 137.9, 136.7, 136.2, 135.1, 131.0, 128.4(2C), 128.2(2C), 127.7, 127.4, 126.9,
125.5, 124.0, 121.8, 121.5, 112.5, 97.2, 59.1, 58.1, 52.1, 50.2, 46.0, 44.4, 20.6; HRMS (ESI-
TOF, m/z): calcd for CosH2404Na [M+Na]": 447.1567, found: 447.1561.

methyl 1'-(3-methoxyphenyl)-3-oxo-3'-phenyl-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3¢): Following the general procedure A, compound 3¢
was obtained as a white solid in 86% yield (75.8 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
=10/1); m.p. = 164-166 °C; *H NMR (400 MHz, CDCl3) & 7.51 — 7.45 (m, 1H), 7.40 — 7.33
(m, 1H), 7.23 — 7.13 (m, 3H), 7.04 — 6.93 (m, 3H), 6.92 — 6.84 (m, 1H), 6.73 — 6.67 (m, 2H),
6.66 — 6.63 (m, 1H), 6.63 — 6.58 (m, 1H), 4.33 (d, /= 2.2 Hz, 1H), 3.67 (s, 3H), 3.64 (s, 3H),
3.36 (dd, J=9.5, 7.1 Hz, 1H), 3.11 (dd, J = 9.6, 7.6 Hz, 1H), 2.52 (dd, J = 7.5, 2.3 Hz, 1H),
2.28 (d, J = 7.2 Hz, 1H); ®C NMR (100 MHz, CDCls) § 202.2, 172.1, 171.6, 159.2, 138.5,
138.0, 136.2, 129.1, 128.4(2C), 127.7(2C), 126.9, 124.0, 121.8, 121.7, 118.9, 113.2, 112.7,
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111.9, 95.8, 58.5, 58.3, 55.2, 52.1, 49.7, 44.6, 43.2; HRMS (ESI-TOF, m/z): calcd for
C2sH240sNa [M+Na]': 463.1516, found: 463.1508.

methyl 3-o0x0-3'-phenyl-1'-(m-tolyl)-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3d): Following the general procedure A, compound 3d
was obtained as a white solid in 85% yield (72.2 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
= 10/1); m.p. = 159-160 °C; *H NMR (400 MHz, CDCl3) 6 7.49 — 7.45 (m, 1H), 7.38 — 7.32
(m, 1H), 7.23 — 7.13 (m, 3H), 7.00 — 6.93 (m, 3H), 6.93 — 6.82 (m, 4H), 6.69 (d, J = 8.4 Hz,
1H), 4.33 (d, /= 2.3 Hz, 1H), 3.66 (s, 3H), 3.36 (dd, /=9.6, 7.1 Hz, 1H), 3.12 (dd, J=9.6, 7.6
Hz, 1H), 2.51 (dd, J = 7.6, 2.4 Hz, 1H), 2.27 (d, J= 7.1 Hz, 1H), 2.16 (s, 3H); **C NMR (100
MHz, CDCls) 6 202.3, 172.1, 171.6, 137.9, 137.6, 136.9, 136.3, 128.4(2C), 128.1, 127.9,
127.7(2C), 127.2, 126.9, 123.9, 123.5, 121.7(1), 121.6(9), 112.7, 95.9, 58.5, 58.4, 52.1, 49.9,
445, 43.2, 21.4; HRMS (ESI-TOF, m/z): caled for Co3H2404sNa [M+Na]": 447.1567, found:
447.1563.

methyl 1'-(3-chlorophenyl)-3-oxo0-3'-phenyl-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3e): Following the general procedure A, compound 3e
was obtained as a white solid in 69% yield (61.4 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
= 10/1); m.p. = 167-169 °C; *H NMR (400 MHz, CDCls) § 7.52 — 7.45 (m, 1H), 7.43 — 7.34
(m, 1H), 7.24 — 7.14 (m, 3H), 7.12 — 7.07 (m, 1H), 7.07 — 6.92 (m, 5H), 6.95 — 6.86 (m, 1H),
6.75 - 6.68 (m, 1H), 4.33 (d, /J=2.2 Hz, 1H), 3.67 (s, 3H), 3.36 (dd, /= 9.5, 7.2 Hz, 1H), 3.12
(dd, J=9.6, 7.6 Hz, 1H), 2.52 (dd, J = 7.5, 2.4 Hz, 1H), 2.28 (d, J = 7.2 Hz, 1H); *C NMR
(100 MHz, CDCl3) 6 201.9, 171.8, 171.5, 139.0, 138.2, 135.9, 134.0, 129.4, 128.4(2C),
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127.7(2C), 127.6, 127.0, 126.8, 124.6, 124.0, 121.9, 121.5, 112.8, 95.6, 58.4, 57.8, 52.2, 49.9,
444, 43.2; HRMS (ESI-TOF, m/z): calcd for C»7H,1ClOsNa [M+Na]*: 467.1021, found:
467.1020.

methyl 3-oxo-3'-phenyl-1'-(p-tolyl)-3H-spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-
4'-carboxylate (3f): Following the general procedure A, compound 3f was obtained as a white
solid in 85% yield (72.2 mg); purified by silica gel column chromatography (petroleum
ether/ethyl acetate =20/1); Ry=0.40 (petroleum ether/ethyl acetate = 10/1); m.p. = 156-157 °C;
'H NMR (400 MHz, CDCls) 7.50 — 7.45 (m, 1H), 7.38 — 7.32 (m, 1H), 7.22 — 7.13 (m, 3H),
7.02 - 6.93 (m, 4H), 6.93 — 6.84 (m, 3H), 6.68 (d, J = 8.4 Hz, 1H), 4.32 (d, J = 2.2 Hz, 1H),
3.66 (s, 3H), 3.37 (dd, J=9.6, 7.1 Hz, 1H), 3.11 (dd, J = 9.6, 7.6 Hz, 1H), 2.49 (dd, J = 7.6, 2.3
Hz, 1H), 2.26 (d, J = 7.1 Hz, 1H), 2.15 (s, 3H); *C NMR (100 MHz, CDCls) § 202.4, 172.1,
171.6, 137.9, 136.9, 136.3, 134.0, 128.8(2C), 128.4(2C), 127.7(2C), 126.9, 126.3(2C), 123.9,
121.7,121.6,112.7,95.9, 58.7, 58.2,52.1,49.9,44.7,43.2,21.1; HRMS (ESI-TOF, m/z): calcd
for C2sH2404Na [M+Na]*: 447.1567, found: 447.1562.

methyl 1'-(4-fluorophenyl)-3-oxo-3'-phenyl-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3g): Following the general procedure A, compound 3g
was obtained as a white solid in 69% yield (59.1 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
= 10/1); m.p. = 162-164 °C; *H NMR (400 MHz, CDCls) & 7.51 — 7.44 (m, 1H), 7.42 — 7.33
(m, 1H), 7.25 — 7.13 (m, 3H), 7.12 — 7.01 (m, 2H), 7.01 — 6.91 (m, 2H), 6.94 — 6.86 (m, 1H),
6.83 —6.72 (m, 2H), 6.69 (d, /= 8.4 Hz, 1H), 4.33 (d, /= 2.3 Hz, 1H), 3.67 (s, 3H), 3.37 (dd,
J=9.6,7.1 Hz, 1H), 3.11 (dd, J=9.6, 7.6 Hz, 1H), 2.50 (dd, J= 7.6, 2.3 Hz, 1H), 2.27 (d, J =
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7.2 Hz, 1H); 3C NMR (100 MHz, CDCls) § 202.2, 171.9, 171.5, 162.1 (d, J c.r = 245.9 Hz),
138.2, 136.1, 132.8 (d, J cr = 3.2 Hz), 128.4(2C), 128.1 (d, J cr = 8.1 Hz)(2C), 127.7(2C),
127.0, 124.0, 121.9, 121.6, 115.0 (d, J cr = 21.3 Hz)(2C), 112.7, 95.8, 58.4, 57.7, 52.2, 49.8,
44.5, 43.1; F NMR (376 MHz, CDCl3) & -114.83; HRMS (ESI-TOF, m/z): calcd for
C7H2:FO4Na [M+Na]*: 451.1317, found: 451.1319.

methyl (25,3'S)-1'-methyl-3-0x0-3'-phenyl-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3h): Following the general procedure A, compound 3h
was obtained as colorless oil in 16% yield (11.1 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
=10/1); *H NMR (600 MHz, CDCls) 8 7.63 — 7.58 (m, 1H), 7.30 — 7.19 (m, 6H), 7.10 — 7.05
(m, 2H), 4.80 (d, /= 1.2 Hz, 1H), 3.64 (s, 3H), 2.77 — 2.71 (m, 2H), 2.70 — 2.65 (m, 1H), 2.53
—2.48 (m, 1H), 1.65 (s, 3H); *C NMR (150 MHz, CDCls) 5 174.7, 153.1, 138.2, 136.5, 135.6,
128.6(2C), 128.4(2C), 127.8, 124.7, 123.5, 122.2, 118.6, 111.3, 79.2, 52.1, 49.3, 45.4, 42.0,
36.9, 27.5; HRMS (ESI-TOF, m/z): calcd for C»H20sNa [M+Na]": 371.1254, found:
371.1256.

O Ph
@é@\coza
Ph
ethyl 3-ox0-1',3'-diphenyl-3H-spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-4'-

carboxylate (3i): Following the general procedure A, compound 3i was obtained as a white
solid in 84% yield (71.3 mg); purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 20/1); Ry= 0.40 (petroleum ether/ethyl acetate = 10/1); m.p. = 164-166 °C;
'H NMR (400 MHz, CDCls) & 7.46 (dd, J = 7.8, 1.4 Hz, 1H), 7.35 (ddd, J = 8.6, 7.2, 1.5 Hz,
1H), 7.24 — 7.16 (m, 3H), 7.13 — 7.02 (m, 5H), 7.02 — 6.97 (m, 2H), 6.91 — 6.83 (m, 1H), 6.70
(d, J=8.4 Hz, 1H), 4.33 (d, /= 2.2 Hz, 1H), 4.18 — 4.08 (m, 2H), 3.38 (dd, J = 9.6, 7.1 Hz,
1H), 3.14 (dd, J = 9.6, 7.6 Hz, 1H), 2.51 (dd, J = 7.6, 2.3 Hz, 1H), 2.28 (d, J = 7.1 Hz, 1H),
1.14 (t, J = 7.1 Hz, 3H); C NMR (100 MHz, CDCls) & 202.4, 171.6, 171.6, 138.0, 137.0,
136.2, 128.3(2C), 128.1(2C), 127.9(2C), 127.3, 126.9, 126.5(2C), 123.9, 121.7(0), 121.6(8),
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112.8, 96.0, 60.9, 58.6, 58.3, 50.1, 44.5, 43.1, 14.2; HRMS (ESI-TOF, m/z): calcd for
CasH2404Na [M+Na]*: 447.1567, found: 447.1564.

O Ph

ijid @\COZMe

Me

1

; X/,,

methyl 3-oxo-1'-phenyl-3'-(o-tolyl)-3H-spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-
4'-carboxylate (3j): Following the general procedure A, compound 3j was obtained as a white
solid in 78% yield (66.1 mg); purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 20/1); Ry=0.45 (petroleum ether/ethyl acetate = 10/1); m.p. = 157-159 °C;
'H NMR (400 MHz, CDCls) 8 7.41 — 7.34 (m, 1H), 7.37 — 7.27 (m, 2H), 7.23 — 7.14 (m, 1H),
7.15-7.07 (m, 1H), 7.09 — 6.96 (m, 6H), 6.86 — 6.76 (m, 1H), 6.71 (d, J = 8.4 Hz, 1H), 4.42
(d, J=2.1Hz, 1H), 3.65 (s, 3H), 3.39 (dd, J = 9.5, 7.1 Hz, 1H), 3.22 (dd, J = 9.6, 7.5 Hz, 1H),
2.57 (dd, J = 7.5, 2.3 Hz, 1H), 2.25 (d, J = 7.2 Hz, 1H), 1.79 (s, 3H); *C NMR (100 MHz,
CDCls) & 202.6, 172.2, 171.7, 137.8, 137.6, 136.6, 134.9, 130.6, 128.0(2C), 127.4, 126.9,
126.3(2C), 126.1, 125.9, 123.8, 121.7, 121.4, 112.7, 95.9, 58.7, 54.9, 52.1, 50.3, 43.9, 43.4,
19.9; HRMS (ESI-TOF, m/z): calcd for CosH2404Na [M+Na]'": 447.1567, found: 447.1565.

O Ph

@(N;\COZMG

Br

1

; &/,,

methyl 3'-(2-bromophenyl)-3-0xo0-1'-phenyl-3 H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3k): Following the general procedure A, compound 3k
was obtained as a white solid in 77% yield (75.4 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
=10/1); m.p. = 170-171 °C; *H NMR (400 MHz, CDCl3) 6 7.44 — 7.35 (m, 3H), 7.35 — 7.29
(m, 2H), 7.12 — 7.06 (m, 1H), 7.06 — 7.00 (m, 5H), 6.85 — 6.79 (m, 1H), 6.69 (d, J = 8.3 Hz,
1H), 4.55 (d, J = 2.2 Hz, 1H), 3.68 (s, 3H), 3.46 (dd, J = 9.5, 7.2 Hz, 1H), 3.14 (dd, J = 9.6, 7.6
Hz, 1H), 2.56 (dd, J = 7.6, 2.3 Hz, 1H), 2.27 (d, J = 7.2 Hz, 1H); *C NMR (100 MHz, CDCls)
0 202.0, 172.0, 171.5, 137.3, 136.5(3), 136.4(6), 133.1, 128.5, 128.1, 128.0(2C), 127.4(1),
127.3(6), 126.4(2C), 126.2, 123.8, 122.2, 121.7, 112.4,95.1, 58.6, 57.1, 52.3, 50.3, 43.5, 43.1;
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HRMS (ESI-TOF, m/z): calcd for Co7H21Br’?OsNa [M+Na]*: 511.0516, found: 511.0515; calcd
for Co7H21Br*'O4Na [M+Na]*: 513.0495, found: 513.0498.

O Ph

@(&E\COZMG

1

& X/,,

methyl 3-o0xo0-1'-phenyl-3'-(m-tolyl)-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (31): Following the general procedure A, compound 31
was obtained as a white solid in 76% yield (64.5 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
= 10/1); m.p. = 157-159 °C; *H NMR (400 MHz, CDCls) 6 7.50 — 7.43 (m, 1H), 7.39 — 7.30
(m, 1H), 7.14 — 7.02 (m, 6H), 6.99 — 6.95 (m, 1H), 6.90 — 6.82 (m, 1H), 6.80 — 6.75 (m, 1H),
6.75-6.72 (m, 1H), 6.72 — 6.68 (m, 1H), 4.30 (d, J = 2.3 Hz, 1H), 3.67 (s, 3H), 3.38 (dd, J =
9.5,7.1 Hz, 1H), 3.13 (dd, J=9.6, 7.6 Hz, 1H), 2.52 (dd, J=7.5, 2.4 Hz, 1H), 2.28 (d, J=7.1
Hz, 1H), 2.18 (s, 3H); *C NMR (100 MHz, CDCl5) § 202.4, 172.1, 171.6, 137.9(0), 137.8(8),
137.0, 136.1, 128.5, 128.2, 128.0(2C), 127.7, 127.3, 126.4(2C), 124.7, 123.9, 121.7, 121.6,
112.8, 95.9, 58.5, 58.3, 52.1, 49.9, 44.6, 43.1, 21.5; HRMS (ESI-TOF, m/z): calcd for
C2sH2404Na [M+Na]": 447.1567, found: 447.1567.

O Ph
\/::o‘\ @\: CO,Me
F
methyl 3'-(3-fluorophenyl)-3-oxo-1'-phenyl-3 H-spiro[benzofuran-2,2'-

bicyclo[2.1.1]hexane]-4'-carboxylate (3m): Following the general procedure A, compound
3m was obtained as a white solid in 72% yield (61.7 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
= 10/1); m.p. = 163-165 °C; *H NMR (400 MHz, CDCls) & 7.49 — 7.42 (m, 1H), 7.41 — 7.32
(m, 1H), 7.18 — 7.11 (m, 1H), 7.11 — 7.03 (m, 5H), 6.92 — 6.83 (m, 2H), 6.78 — 6.68 (m, 3H),
431(d,J=2.2 Hz, 1H), 3.68 (s, 3H), 3.36 (dd, J=9.6, 7.2 Hz, 1H), 3.12 (dd, /= 9.6, 7.7 Hz,
1H), 2.53 (dd, J= 7.7, 2.3 Hz, 1H), 2.30 (d, J = 7.2 Hz, 1H); *C NMR (100 MHz, CDCls) &
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202.0, 171.7, 171.5, 162.8 (d, J c-r = 245.6 Hz), 138.8 (d, J cr = 7.3 Hz), 138.2, 136.7, 129.8
(d, J cr= 8.4 Hz), 128.1(2C), 127.5, 126.4(2C), 124.0, 123.7 (d, J cr = 2.9 Hz), 121.9, 121.5,
114.7 (d, J cr=22.0 Hz), 114.0 (d, J cr = 21.0 Hz), 112.7, 95.6, 58.4, 58.0 (d, J cr = 1.8 Hz),
52.2,50.0, 44.5, 43.0; F NMR (376 MHz, CDCls) § -112.94; HRMS (ESI-TOF, m/z): caled
for Co7H1FO4Na [M+Na]": 451.1317, found: 451.1316.

O Ph

C:o“ @\COZMe

Me
methyl 3-oxo-1'-phenyl-3'-(p-tolyl)-3H-spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-

1

1y

4'-carboxylate (3n): Following the general procedure A, compound 3n was obtained as a white
solid in 75% yield (63.7 mg); purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 20/1); Ry= 0.40 (petroleum ether/ethyl acetate = 10/1); m.p. = 153-155 °C;
'H NMR (400 MHz, CDCls) 4 7.45 (dd, J = 7.7, 1.4 Hz, 1H), 7.35 (ddd, J = 8.5, 7.2, 1.5 Hz,
1H), 7.13 — 7.01 (m, 5H), 7.05 — 6.97 (m, 2H), 6.90 — 6.82 (m, 3H), 6.75 — 6.69 (m, 1H), 4.31
(d, J=2.3 Hz, 1H), 3.66 (s, 3H), 3.38 (dd, J=9.6, 7.1 Hz, 1H), 3.12 (dd, /= 9.6, 7.5 Hz, 1H),
2.51 (dd, J = 7.5, 2.3 Hz, 1H), 2.30 — 2.24 (m, 4H); *C NMR (100 MHz, CDCls) § 202 .4,
172.1, 171.6, 137.9, 137.0, 136.5, 133.1, 129.1(2C), 128.0(2C), 127.6(2C), 127.3, 126.4(2C),
123.9,121.7(2C), 112.8, 95.9, 58.4, 58.2, 52.1, 50.0, 44.5, 43.1, 21.2; HRMS (ESI-TOF, m/z):
calcd for C,sH2404Na [M+Na]™: 447.1567, found: 447.1567.

O Ph

@O\\%\COZMG

1

; &1,/

methyl 3'-(4-iodophenyl)-3-oxo-1'-phenyl-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (30): Following the general procedure A, compound 30
was obtained as a white solid in 76% yield (81.5 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Rs=0.35 (petroleum ether/ethyl acetate
=10/1); m.p. = 178-180 °C; *H NMR (400 MHz, CDCls) 7.55 — 7.49 (m, 2H), 7.47 — 7.43 (m,
1H), 7.42 — 7.36 (m, 1H), 7.14 - 7.01 (m, 5H), 6.92 — 6.84 (m, 1H), 6.77 — 6.70 (m, 3H), 4.25
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(d,J=2.2 Hz, 1H), 3.67 (s, 3H), 3.36 (dd, J = 9.6, 7.2 Hz, 1H), 3.07 (dd, J = 9.6, 7.6 Hz, 1H),
2.51(dd, J=7.7, 2.3 Hz, 1H), 2.29 (d, J = 7.2 Hz, 1H); *C NMR (100 MHz, CDCls) 5 202.0,
171.8, 171.5, 138.2, 137.5(2C), 136.7, 136.0, 129.8(2C), 128.1(2C), 127.5, 126.4(2C), 124.0,
121.9,121.5,112.8,95.6,92.5,58.5,57.9,52.2,49.9, 44.5, 43.0; HRMS (ESI-TOF, m/z): calcd
for C27H21104Na [M+Na]*: 559.0377, found: 559.0373.

O Ph

C:o“ @\COZMe

Fs;C

1

; &1,,

methyl  3-oxo-1'-phenyl-3'-(4-(trifluoromethyl)phenyl)-3H-spiro[benzofuran-2,2'-
bicyclo|2.1.1]hexane]-4'-carboxylate (3p): Following the general procedure A, compound 3p
was obtained as a white solid in 72% yield (68.9 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Rs=0.40 (petroleum ether/ethyl acetate
= 10/1); m.p. = 167-169 °C; *H NMR (400 MHz, CDCl3) 6 7.50 — 7.43 (m, 3H), 7.42 — 7.32
(m, 1H), 7.14 — 7.02 (m, 7H), 6.93 — 6.85 (m, 1H), 6.69 (dd, J = 8.4, 0.8 Hz, 1H), 4.40 — 4.35
(m, 1H), 3.69 (s, 3H), 3.39 (dd, /= 9.6, 7.2 Hz, 1H), 3.10 (dd, J=9.6, 7.7 Hz, 1H), 2.56 (dd, J
=7.7,2.3 Hz, 1H), 2.32 (d,J= 7.3 Hz, 1H); *C NMR (100 MHz, CDCl3) $ 201.8,171.7, 171.4,
140.4 (d,J cr= 1.4 Hz), 138.3, 136.5, 129.2 (q, J c-r = 32.5 Hz), 128.1(2C), 128.1(2C), 127.5,
126.4(2C), 125.4 (q,J cr=3.7 Hz)(2C), 124.2 (d, J c.r =272.1 Hz), 124.0, 122.0, 121.5, 112.7,
95.6, 58.5, 58.0, 52.3, 49.9, 44.5, 43.0; ’F NMR (376 MHz, CDCls) § -62.52; HRMS (ESI-
TOF, m/z): calcd for CosHziF304Na [M+Na]™: 501.1258, found: 501.1260.

0 Ph
\/::o‘\ :‘;\COZMe

Me

1

& X/,,

Me
methyl 3'-(3,5-dimethylphenyl)-3-oxo-1'-phenyl-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3q): Following the general procedure A, compound 3q
was obtained as a white solid in 70% yield (61.4 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.45 (petroleum ether/ethyl acetate
=10/1); m.p. = 168-169 °C; *H NMR (400 MHz, CDCl3) & 7.50 — 7.43 (m, 1H), 7.40 — 7.31
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(m, 1H), 7.16 — 7.00 (m, 5H), 6.91 — 6.81 (m, 1H), 6.81 — 6.77 (m, 1H), 6.75 — 6.68 (m, 1H),
6.56 —6.51 (m, 2H), 4.26 (d, J = 2.3 Hz, 1H), 3.67 (s, 3H), 3.37 (dd, /= 9.6, 7.1 Hz, 1H), 3.11
(dd, J=9.5,7.5 Hz, 1H), 2.51 (dd, J = 7.6, 2.4 Hz, 1H), 2.27 (d, J = 7.1 Hz, 1H), 2.15 (s, 6H);
13C NMR (100 MHz, CDCls) § 202.5, 172.2, 171.7, 137.8, 137.7(2C), 137.1, 136.0, 128.6,
128.0(2C), 127.3, 126.5(2C), 125.5(2C), 123.9, 121.8,121.6, 112.8,96.0, 58.5, 58.3, 52.1,49.8,
44.6,43.1,21.4(2C); HRMS (ESI-TOF, m/z): calcd for CaoHa60sNa [M+Na]': 461.1724, found:
461.1726.

O Ph

de%\COQMG

Cl

1

& &1,,

Cl

methyl 3'-(3,4-dichlorophenyl)-3-oxo-1'-phenyl-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3r): Following the general procedure A, compound 3r
was obtained as a white solid in 68% yield (65.2 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry= 0.40 (petroleum ether/ethyl acetate
=10/1); m.p. = 175-177 °C; *H NMR (400 MHz, CDClz) & 7.49 — 7.42 (m, 1H), 7.45 — 7.35
(m, 1H), 7.29 — 7.23 (m, 1H), 7.15 — 7.10 (m, 1H), 7.13 — 7.04 (m, 5H), 6.94 — 6.85 (m, 1H),
6.82 (dd, J=8.4,2.2 Hz, 1H), 6.76 (d, J = 8.4 Hz, 1H), 4.24 (d, /= 2.2 Hz, 1H), 3.69 (s, 3H),
3.35(dd, J=9.6, 7.3 Hz, 1H), 3.08 (dd, J = 9.7, 7.7 Hz, 1H), 2.53 (dd, J = 7.7, 2.3 Hz, 1H),
2.30 (d, J = 7.3 Hz, 1H); ®C NMR (100 MHz, CDCls) § 201.7, 171.5, 171.4, 138.3, 136.6,
136.5, 132.5, 131.1, 130.3, 129.8, 128.2(2C), 127.6, 127.5, 126.4(2C), 124.1, 122.1, 121.4,
112.8,95.4,58.4,57.5,52.3,50.1,44.5, 43.0; HRMS (ESI-TOF, m/z): calcd for C27H20C1.O4Na
[M+Na]": 501.0631, found: 501.0626.

O Ph

ij[cf @\: CO,Me
.
0
s

methyl 3'-(furan-2-yl)-3-oxo-1'-phenyl-3H-spiro[benzofuran-2,2'-

bicyclo[2.1.1]hexane]-4'-carboxylate (3s): Following the general procedure A, compound 3s

was obtained as a white solid in 64% yield (51.3 mg); purified by silica gel column

chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
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= 10/1); m.p. = 149-151 °C; *H NMR (400 MHz, CDCls) § 7.46 — 7.43 (m, 1H), 7.43 — 7.37
(m, 1H), 7.26 — 7.24 (m, 1H), 7.14 — 7.03 (m, 5H), 6.92 — 6.84 (m, 1H), 6.84 (d, J = 8.4 Hz,
1H), 6.27 (dd, J = 3.3, 1.8 Hz, 1H), 6.15 (d, J= 3.2 Hz, 1H), 4.27 (d, J = 2.2 Hz, 1H), 3.69 (s,
3H), 3.35 (dd, J = 9.6, 7.3 Hz, 1H), 3.19 (dd, J = 9.6, 7.6 Hz, 1H), 2.44 (dd, J=7.5, 2.3 Hz,
1H),2.27 (d,J= 7.3 Hz, 1H); $3C NMR (100 MHz, CDCls) § 201.8, 171.7, 171.4, 150.7, 142.1,
138.0, 136.7, 128.1(2C), 127.4, 126.5(2C), 124.0, 121.8, 121.3, 112.7, 110.1, 107.7, 95.2, 58.7,
52.6,52.2,49.8,43.9, 43.4; HRMS (ESI-TOF, m/z): calcd for CasHyoOsNa [M+Na]*: 423.1203,
found: 423.1203.

O Ph

methyl 3'-(naphthalen-1-yl)-3-oxo-1'-phenyl-3 H-spiro[benzofuran-2,2'-

1

1y

bicyclo[2.1.1]hexane]-4'-carboxylate (3t): Following the general procedure A, compound 3t
was obtained as a white solid in 60% yield (55.3 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Rs=0.40 (petroleum ether/ethyl acetate
=10/1); m.p. = 162-164°C; *H NMR (400 MHz, CDCl3) § 7.75 — 7.67 (m, 2H), 7.52 — 7.37 (m,
4H), 7.25 - 7.19 (m, 1H), 7.14 — 6.97 (m, 7H), 6.76 — 6.68 (m, 1H), 6.30 (d, J = 8.4 Hz, 1H),
4.96 (d, J=2.1 Hz, 1H), 3.66 (s, 3H), 3.56 (dd, J=9.5, 7.2 Hz, 1H), 3.28 (dd, J=9.6, 7.6 Hz,
1H), 2.63 (dd, J = 7.6, 2.2 Hz, 1H), 2.36 (d, J = 7.2 Hz, 1H); 3C NMR (100 MHz, CDCls) &
203.3, 172.4, 171.9, 137.6, 136.7, 133.7, 132.9, 132.5, 128.6, 128.0(2C), 127.7, 127.4,
126.4(2C), 125.6, 125.5, 125.3, 123.6(3), 123.6(0), 123.2, 121.8, 121.4, 112.3, 96.0, 58.6, 54.7,
52.2, 50.1, 44.1, 43.3; HRMS (ESI-TOF, m/z): calcd for C3;H2404Na [M+Na]": 483.1567,
found: 483.1565.

O Ph

C:o‘\ :‘;LCOZMe

)
Ph
methyl (25,3'S)-3-0xo0-1'-phenyl-3'-((E)-styryl)-3H-spiro[benzofuran-2,2'-

1

1y

bicyclo[2.1.1]hexane]-4'-carboxylate (3u): Following the general procedure A, compound 3u
was obtained as colorless oil in 41% yield (35.8 mg); purified by silica gel column
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chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
= 10/1); *H NMR (400 MHz, CDCls) 8 7.41 (dd, J = 7.7, 1.3 Hz, 2H), 7.39 — 7.17 (m, 5H),
7.17 —7.04 (m, 5H), 6.97 (dd, J = 8.6, 1.2 Hz, 1H), 6.89 — 6.82 (m, 1H), 6.44 — 6.30 (m, 2H),
3.74 (dd, J=8.4,2.2 Hz, 1H), 3.68 (s, 3H), 3.31 (dd, /J=9.5, 7.3 Hz, 1H), 3.01 (dd, J=9.5, 7.7
Hz, 1H), 2.34 (dd, J=17.7, 2.3 Hz, 1H), 2.22 (d, J= 7.3 Hz, 1H); **C NMR (100 MHz, CDCl5)
0 202.2, 171.5(2), 171.5(1), 138.0, 137.0, 136.9, 134.5, 128.6(2C), 128.1(2C), 127.7, 127.4,
126.6(2C), 126.5(2C), 123.9,123.8,121.8,121.6, 112.9,96.2, 58.6, 57.8, 52.0, 51.2, 43.2, 42.6;
HRMS (ESI-TOF, m/z): caled for C29H2404Na [M+Na]*: 459.1567, found: 459.1569.

O Ph

Br\@%\
O\\ COZMG

Ph

methyl 5-bromo-3-oxo0-1',3'-diphenyl-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3v): Following the general procedure A, compound 3v
was obtained as a white solid in 86% yield (84.2 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
=10/1); m.p. = 169-171 °C; *H NMR (400 MHz, CDCls) § 7.57 (dd, J = 2.2, 0.5 Hz, 1H), 7.42
(dd, J=8.8,2.2 Hz, 1H), 7.24 — 7.15 (m, 3H), 7.14 — 7.05 (m, 5H), 7.00 — 6.90 (m, 2H), 6.60
(dd, J=8.8,0.5 Hz, 1H), 4.33 (d, J=2.3 Hz, 1H), 3.67 (s, 3H), 3.34 (dd, J=9.6, 7.2 Hz, 1H),
3.11 (dd, J = 9.6, 7.7 Hz, 1H), 2.53 (dd, J = 7.6, 2.4 Hz, 1H), 2.29 (d, J = 7.7 Hz, 1H); 13C
NMR (100 MHz, CDCls) 6 200.9, 171.9, 170.2, 140.5, 136.6, 135.9, 128.5(2C), 128.2(2C),
127.7(2C), 127.6, 127.1, 126.5, 126.4(2C), 123.3, 114.5, 114.3, 96.9, 58.8, 58.5, 52.2, 49.9,
44.6, 43.1; HRMS (ESI-TOF, m/z): calcd for Co7H2Br’?OsNa [M+Na]*: 511.0516, found:
511.0513; calcd for Co7H21Br¥'O4Na [M+Na]": 513.0495, found: 513.0498.

O Ph
M e/@d@\COZMe
Ph
methyl 6-methyl-3-oxo-1',3'-diphenyl-3H-spiro[benzofuran-2,2'-

bicyclo[2.1.1]hexane]-4'-carboxylate (3w): Following the general procedure A, compound
3w was obtained as a white solid in 44% yield (37.4 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Rs=0.40 (petroleum ether/ethyl acetate
= 10/1); m.p. = 159-161 °C; *H NMR (400 MHz, CDCls) & 7.34 (d, J = 7.9 Hz, 1H), 7.24 —
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7.14 (m, 3H), 7.14 —7.02 (m, 5H), 6.97 (dd, J=7.6, 1.9 Hz, 2H), 6.68 (dd, /= 7.9, 1.3 Hz, 1H),
6.48 (s, 1H), 4.33 (d, J=2.2 Hz, 1H), 3.66 (s, 3H), 3.39 (dd, J=9.5, 7.1 Hz, 1H), 3.12 (dd, J=
9.6,7.5 Hz, 1H), 2.51 (dd, J=17.5,2.4 Hz, 1H), 2.27 (d,J=7.2 Hz, 1H), 2.23 (s, 3H); *C NMR
(100 MHz, CDCl3) 6 201.6, 172.2, 172.1, 150.0, 137.1, 136.4, 128.4(2C), 128.0(2C), 127.8(2C),
127.3, 126.8, 126.5(2C), 123.5, 123.4, 119.3, 112.7, 96.0, 58.4, 58.3, 52.1, 49.9, 44.6, 43.1,
22.6; HRMS (ESI-TOF, m/z): calcd for C2sH2404Na [M+Na]": 447.1567, found: 447.1560.

methyl 6-fluoro-3-oxo-1',3'-diphenyl-3H-spiro|benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3x): Following the general procedure A, compound 3x
was obtained as a white solid in 85% yield (72.8 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry= 0.40 (petroleum ether/ethyl acetate
=10/1); m.p. = 161-163 °C; *H NMR (400 MHz, CDCls) & 7.46 (dd, J = 8.5, 5.8 Hz, 1H), 7.24
—7.18 (m, 3H), 7.14 — 7.04 (m, 5H), 7.00 — 6.94 (m, 2H), 6.64 — 6.55 (m, 1H), 6.37 (dd, J =
9.2,2.1 Hz, 1H), 4.34 (d, J=2.3 Hz, 1H), 3.67 (s, 3H), 3.36 (dd, J=9.6, 7.1 Hz, 1H), 3.11 (dd,
J=9.6,7.6 Hz, 1H), 2.53 (dd, J = 7.6, 2.4 Hz, 1H), 2.29 (d, J = 7.2 Hz, 1H); *C NMR (100
MHz, CDCls) & 200.2, 172.9 (d, J cr = 15.2 Hz), 171.9, 169.3 (d, J c¢ = 258.1 Hz), 136.7,
136.0, 128.5(2C), 128.2(2C), 127.6(2C), 127.5, 127.1, 126.4(2C), 125.9 (d, J c.r = 12.2 Hz),
118.3 (d, J cr = 1.5 Hz), 110.7 (d, J c.r = 24.5 Hz), 100.1 (d, J c.r = 26.0 Hz), 97.3, 58.4(4),
58.4(2),52.2,49.9, 44.5, 43.0; **F NMR (376 MHz, CDCl;) § -96.76; HRMS (ESI-TOF, m/z):
caled for C,7H» FO4Na [M+Na]*: 451.1317, found: 451.1319.

OMe Ph

methyl 7-methoxy-3-oxo-1',3'-diphenyl-3H-spiro|benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3y): Following the general procedure A, compound 3y
was obtained as a white solid in 65% vyield (57.3 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.35 (petroleum ether/ethyl acetate
=10/1); m.p. = 165-167°C; *H NMR (400 MHz, CDCl3) § 7.23 — 7.04 (m, 9H), 7.03 — 6.96 (m,
2H), 6.91 — 6.85 (m, 1H), 6.78 (t, /= 7.7 Hz, 1H), 4.32 (d, J = 2.2 Hz, 1H), 3.66 (s, 3H), 3.50
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(s, 3H), 3.38 (dd, /=9.6, 7.1 Hz, 1H), 3.21 (dd, J=9.6, 7.6 Hz, 1H), 2.53 (dd, J=7.6, 2.3 Hz,
1H), 2.30 (d, /= 7.1 Hz, 1H); *C NMR (100 MHz, CDCls3) § 202.3, 172.0, 161.9, 145.8, 136.9,
136.2, 128.4(2C), 128.1(2C), 127.8(2C), 127.4, 126.9, 126.4(2C), 123.3, 122.2, 121.9, 115.9,
96.3, 58.9, 58.3, 57.3, 52.1, 50.0, 44.7, 43.2; HRMS (ESI-TOF, m/z): calcd for C,sH»4OsNa
[M+Na]": 463.1516, found: 463.1516.

methyl 7-bromo-3-oxo0-1',3'-diphenyl-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (3z): Following the general procedure A, compound 3z
was obtained as a white solid in 87% yield (85.1 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1); Ry=0.40 (petroleum ether/ethyl acetate
=10/1); m.p. = 168-170 °C; *H NMR (400 MHz, CDCls) § 7.50 (dd, J= 7.7, 1.2 Hz, 1H), 7.37
(dd, J=17.6, 1.3 Hz, 1H), 7.26 — 7.14 (m, 3H), 7.16 — 7.09 (m, 4H), 7.12 — 6.99 (m, 3H), 6.79
—6.70 (m, 1H), 4.32 (d, J=2.2 Hz, 1H), 3.65 (s, 3H), 3.33 (dd, /= 9.6, 7.0 Hz, 1H), 3.26 (dd,
J=9.6,7.4 Hz, 1H), 2.53 (dd, J = 7.5, 2.4 Hz, 1H), 2.32 (d, J = 7.0 Hz, 1H); *C NMR (100
MHz, CDCls) 6 201.6, 171.7, 167.9, 140.2, 136.6, 135.6, 128.4(2C), 128.2(2C), 128.0(2C),
127.5, 127.2, 126.3(2C), 123.1, 122.8(4), 122.7(5), 106.1, 97.1, 58.9, 58.3, 52.1, 50.4, 44.5,
43.2; HRMS (ESI-TOF, m/z): calcd for Co7Hai1Br?0O4Na [M+Na]": 511.0516, found: 511.0514;
calcd for Co7H,1Br¥'O4Na [M+Na]": 513.0495, found: 513.0500.

NMs

BF3°Et,0 (10 mol%) N
Ph%COZMe LY RS-
R°T — toluene, 25 °C pZ

= o] RG

1a 5 6

General procedure B:

Under a nitrogen atmosphere, benzofuran-derived azadienes 5 (0.20 mmol, 1.0 equiv.) was
added into a flame-dried Schlenk tube equipped with a magnetic stir bar. The tube was
evacuated and back-filled with nitrogen for five times. Then the anhydrous toluene (3.0 mL)
were added via syringe sequentially. Then, BF;-EtO (2.8 mg, 0.02 mmol, 10 mol%) was added
and the mixture was stirred at 25 °C. Then, BCB 1a (0.30 mmol, 1.5 equiv.) in toluene (1.0 mL)
was added dropwise during 5 minutes. Until 5 was consumed (monitored by TLC) (10 minutes

were enough in all examples). Then, the reaction mixture was quenched with water and
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extracted with ethyl acetate for three times. The resulted filtrate was separated. The combined
organic phase was dried over Na>SO4 and concentrated under reduced pressure. The crude
mixture was purified by column chromatography (petroleum ether/ethyl acetate) to give the

corresponding products 6.

MsN Ph

o) \ 3 CO,Me
Ph

methyl (2)-3-((methylsulfonyl)imino)-1',3'-diphenyl-3H-spiro[benzofuran-2,2'-
bicyclo[2.1.1]hexane]-4'-carboxylate (6a): Following the general procedure B, compound 6a
was obtained as a white solid in 99% yield (96.5 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 10/1); Rs=0.40 (petroleum ether/ethyl acetate
=4/1); m.p. = 171-173 °C; *"H NMR (400 MHz, CDCls) 6 8.23 — 8.18 (m, 1H), 7.35 — 7.30 (m,
1H), 7.23 — 7.16 (m, 3H), 7.13 — 7.03 (m, 5H), 7.01 — 6.96 (m, 2H), 6.89 — 6.83 (m, 1H), 6.64
—6.57 (m, 1H), 4.41 (d, J= 2.4 Hz, 1H), 3.69 (s, 3H), 3.42 (dd, J/=9.8, 7.3 Hz, 1H), 3.39 (s,
3H), 3.21 (dd, J=9.7, 7.6 Hz, 1H), 2.58 (dd, J= 7.6, 2.5 Hz, 1H), 2.31 (d, /= 7.1 Hz, 1H); C
NMR (100 MHz, CDCls) 6 182.4, 171.9, 169.9, 138.9, 136.4, 135.9, 130.2, 128.5(2C),
128.1(2C), 127.7,127.5(2C), 127.1, 126.4(2C), 122.1, 118.1, 112.0,98.1, 61.4, 60.4, 52.2, 49.6,
44.8,43.7,43.4; HRMS (ESI-TOF, m/z): calcd for C2sH,sNOsSNa [M+Na]*: 510.1346, found:

510.1350.

MsN Ph
0 Y —CO,Me
Cre
methyl (£)-3'-(2-chlorophenyl)-3-((methylsulfonyl)imino)-1'-phenyl-3H-

spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-4'-carboxylate (6b): Following the general
procedure B, compound 6b was obtained as a white solid in 90% yield (94.0 mg); purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 10/1); Ry= 0.45 (petroleum
ether/ethyl acetate = 4/1); m.p. = 179-181 °C; *H NMR (400 MHz, CDCl;) 8.17 — 8.10 (m, 1H),
7.38 —7.13 (m, 5H), 7.09 — 6.99 (m, 5H), 6.88 — 6.77 (m, 1H), 6.66 — 6.59 (m, 1H), 4.60 (d, J
= 2.4 Hz, 1H), 3.70 (s, 3H), 3.53 (dd, J = 9.6, 7.2 Hz, 1H), 3.39 (s, 3H), 3.18 (dd, J = 9.7, 7.7
Hz, 1H), 2.62 (dd, J = 7.6, 2.5 Hz, 1H), 2.30 (d, J = 7.2 Hz, 1H); *C NMR (100 MHz, CDCls)

20



0 182.7,171.8,169.9, 138.2, 135.9, 135.6, 134.7, 130.3, 129.8, 128.3, 128.0(2C), 127.7, 127.6,
126.7, 126.3(2C), 121.9, 118.4, 111.6, 97.2, 60.6, 57.7, 52.3, 49.6, 43.8, 43.5, 43.4; HRMS
(ESI-TOF, m/z): calcd for C2sH24CINOsSNa [M+Na]*: 544.0956, found: 544.0955.

MsN Ph
O\\ N COzMe
OMe
methyl (£2)-3'-(3-methoxyphenyl)-3-((methylsulfonyl)imino)-1'-phenyl-3H-

spiro[benzofuran-2,2'-bicyclo|2.1.1]hexane]-4'-carboxylate (6¢): Following the general
procedure B, compound 6¢ was obtained as a white solid in 85% yield (88.0 mg); purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 10/1); Ry= 0.30 (petroleum
ether/ethyl acetate = 4/1); m.p. = 176-178 °C; *H NMR (400 MHz, CDCl3) & 8.26 — 8.19 (m,
1H), 7.39 — 7.30 (m, 1H), 7.16 — 7.02 (m, 6H), 6.92 — 6.83 (m, 1H), 6.75 — 6.68 (m, 1H), 6.65
(d, J=8.5Hz, 1H), 6.59 — 6.52 (m, 1H), 6.54 — 6.48 (m, 1H), 4.37 (d,J=2.4 Hz, 1H), 3.71 (s,
3H), 3.60 (s, 3H), 3.46 — 3.37 (m, 4H), 3.20 (dd, /=9.7, 7.6 Hz, 1H), 2.57 (dd, J= 7.6, 2.5 Hz,
1H), 2.30 (d, J=7.1 Hz, 1H); *C NMR (100 MHz, CDCls) 5 182.3, 171.8, 169.9, 159.5, 138.8,
137.3, 136.3, 130.2, 129.4, 128.0(2C), 127.6, 126.3(2C), 121.9, 119.8, 118.1, 112.8, 112.7,
111.9, 98.0, 61.4, 60.2, 55.0, 52.1, 49.4, 44.8, 43.6, 43.3; HRMS (ESI-TOF, m/z): calcd for
C20H27NOsSNa [M+Na]": 540.1452, found: 540.1452.

MsN Ph
0 Y CO,Me
Br
methyl (2)-3'-(3-bromophenyl)-3-((methylsulfonyl)imino)-1'-phenyl-3H-

spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-4'-carboxylate (6d): Following the general
procedure B, compound 6d was obtained as a white solid in 96% yield (108.8 mg); purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 10/1); Ry= 0.35 (petroleum
ether/ethyl acetate = 4/1); m.p. = 188-189 °C; 'H NMR (400 MHz, CDCls) 5 8.21 (dd, J=8.2,
1.4 Hz, 1H), 7.40 — 7.28 (m, 2H), 7.21 — 7.18 (m, 1H), 7.14 — 7.01 (m, 6H), 6.93 — 6.83 (m,
2H), 6.66 (d, J = 8.4 Hz, 1H), 4.34 (d, J = 2.4 Hz, 1H), 3.70 (s, 3H), 3.44 — 3.35 (m, 4H), 3.19
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(dd, J=9.7, 7.8 Hz, 1H), 2.58 (dd, J = 7.7, 2.5 Hz, 1H), 2.31 (d, J = 7.2 Hz, 1H); *C NMR
(100 MHz, CDCl3) 6 182.0, 171.5, 169.7, 139.0, 138.2, 136.0, 130.4(2C), 130.3, 130.0,
128.1(2C), 127.8, 126.8, 126.4(2C), 122.5, 122.2, 118.0, 112.0, 97.8, 60.6, 60.4, 52.3, 49.6,
44.7, 43.6, 43.4; HRMS (ESI-TOF, m/z): calcd for CosH24Br’’NOsSNa [M+Na]": 588.0451,
found: 588.0454; calcd for CosH24Br¥'NOsSNa [M+Na]*: 590.0431, found: 590.0436.

MsN Ph
0 Y —CO,Me
MeO
methyl (Z2)-3'-(4-methoxyphenyl)-3-((methylsulfonyl)imino)-1'-phenyl-3 H-

spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-4'-carboxylate (6e): Following the general
procedure B, compound 6e was obtained as a white solid in 83% yield (85.9 mg); purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 10/1); Ry= 0.40 (petroleum
ether/ethyl acetate = 4/1); m.p. = 179-180 °C; *H NMR (400 MHz, CDCl3) & 8.20 (dd, J = 8.6,
1.2 Hz, 1H), 7.38 — 7.31 (m, 1H), 7.15 — 7.03 (m, 5H), 6.97 — 6.91 (m, 2H), 6.90 — 6.84 (m,
1H), 6.76 — 6.70 (m, 2H), 6.66 (d, J = 8.2 Hz, 1H), 4.33 (d, /= 2.3 Hz, 1H), 3.75 (s, 3H), 3.69
(s, 3H), 3.44 —3.36 (m, 4H), 3.21 (dd, J=9.7, 7.6 Hz, 1H), 2.55 (dd, /= 7.6, 2.5 Hz, 1H), 2.28
(d, J=7.1 Hz, 1H); C NMR (100 MHz, CDCls) 5 182.6, 172.0, 169.9, 158.6, 138.8, 136.5,
130.2, 128.8(2C), 128.1(2C), 127.9, 127.7, 126.4(2C), 122.1, 118.1, 113.8(2C), 112.1, 98.2,
61.1,60.4,55.3,52.2,49.9,44.9,43.7, 43.4; HRMS (ESI-TOF, m/z): calcd for C20H27NOsSNa
[M+Na]": 540.1452, found: 540.1452.

MsN Ph
O Y~ —CO,Me
F
methyl (2)-3'-(4-fluorophenyl)-3-((methylsulfonyl)imino)-1'-phenyl-3 H-

spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-4'-carboxylate (6f): Following the general
procedure B, compound 6f was obtained as a white solid in 94% yield (95.0 mg); purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 10/1); Ry= 0.40 (petroleum
ether/ethyl acetate = 4/1); m.p. = 176-178 °C; 'H NMR (400 MHz, CDCl3) & 8.24 — 8.17 (m,
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1H), 7.39 — 7.30 (m, 1H), 7.16 — 7.02 (m, 5H), 7.03 — 6.94 (m, 2H), 6.94 — 6.83 (m, 3H), 6.64
(d, J=8.4 Hz, 1H), 4.36 (d, J = 2.3 Hz, 1H), 3.69 (s, 3H), 3.45 — 3.35 (m, 4H), 3.19 (dd, J =
9.7,7.7 Hz, 1H), 2.57 (dd, J = 7.6, 2.5 Hz, 1H), 2.31 (d, J = 7.2 Hz, 1H); °C NMR (100 MHz,
CDCl3) 6 182.2, 171.7, 169.8, 161.8 (d, J c_r = 245.8 Hz), 139.0, 136.2, 131.6 (d, J cr = 3.3
Hz), 130.3, 129.3 (d, J cr = 8.0 Hz)(2C), 128.1(2C), 127.8, 126.4(2C), 122.2, 118.0, 115.4 (d,
J cr=21.4Hz)(2C), 112.0, 97.9, 60.8, 60.4, 52.2, 49.8, 44.8, 43.6, 43.4; *’F NMR (376 MHz,
CDCl3) 6 -115.17; HRMS (ESI-TOF, m/z): caled for C,sH24FNOsSNa [M+Na]™: 528.1252,
found: 528.1255.

MsN Ph
0 Y —CO,Me
C
S
=
methyl (2)-3-((methylsulfonyl)imino)-1'-phenyl-3'-(thiophen-2-yl)-3H-

spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-4'-carboxylate (6g): Following the general
procedure B, compound 6g was obtained as a white solid in 67% yield (66.1 mg); purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 10/1); Ry= 0.40 (petroleum
ether/ethyl acetate = 4/1); m.p. = 165-167 °C; 'H NMR (400 MHz, CDCls) 5 8.18 (dd, J = 8.3,
1.4 Hz, 1H), 7.42 — 7.34 (m, 1H), 7.19 (dd, J=4.7, 1.7 Hz, 1H), 7.16 — 7.04 (m, 5H), 6.94 —
6.79 (m, 4H), 4.58 (d, J = 2.4 Hz, 1H), 3.65 (s, 3H), 3.44 — 3.35 (m, 4H), 3.27 (dd, /=9.8, 7.9
Hz, 1H), 2.49 (dd, J= 7.9, 2.5 Hz, 1H), 2.27 (d, J = 7.3 Hz, 1H); *C NMR (100 MHz, CDCl5)
6 182.0, 171.1, 169.8, 138.9, 137.6, 136.1, 130.3, 128.1(2C), 127.8, 127.1, 126.5(2C), 126.2,
125.5, 122.3, 118.0, 112.1, 97.2, 60.7, 57.7, 52.1, 51.9, 44.0, 43.6, 43.4; HRMS (ESI-TOF,
m/z): caled for C26H23NOsS:Na [M+Na]*: 516.0910, found: 516.0919.

MsN Ph
O\\ = COzMe
methyl (2)-3-((methylsulfonyl)imino)-3'-(naphthalen-2-yl)-1'-phenyl-3H-

spiro[benzofuran-2,2'-bicyclo[2.1.1]hexane]-4'-carboxylate (6h): Following the general
procedure B, compound 6h was obtained as a white solid in 90% yield (96.8 mg); purified by

silica gel column chromatography (petroleum ether/ethyl acetate = 10/1); Ry= 0.35 (petroleum
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ether/ethyl acetate = 4/1); m.p. = 175-177 °C; *H NMR (400 MHz, CDCl3) & 8.26 — 8.18 (m,
1H), 7.79 — 7.69 (m, 2H), 7.61 (d, J = 8.5 Hz, 1H), 7.56 (d, J = 1.7 Hz, 1H), 7.49 — 7.39 (m,
2H), 7.31 — 7.23 (m, 1H), 7.15 — 7.03 (m, 5H), 6.97 (dd, J = 8.5, 1.9 Hz, 1H), 6.85 (ddd, J =
8.1,7.1, 1.0 Hz, 1H), 6.55 - 6.50 (m, 1H), 4.57 (d, J=2.4 Hz, 1H), 3.68 (s, 3H), 3.48 (dd, J =
9.7, 7.1 Hz, 1H), 3.42 (s, 3H), 3.33 (dd, J = 9.7, 7.6 Hz, 1H), 2.66 (dd, J = 7.6, 2.5 Hz, 1H),
2.35 (d, J= 7.1 Hz, 1H); *C NMR (100 MHz, CDCls) & 182.4, 172.0, 169.9, 138.9, 136.3,
133.7, 133.4, 132.5, 130.2, 128.0(9)(2C), 128.0(6)(2C), 127.7(3), 127.6(5), 126.5, 126.4(2C),
126.2, 125.9, 125.5, 122.1, 118.0, 112.0, 98.1, 61.3, 60.7, 52.2, 49.7, 44.8, 43.7, 43.4; HRMS
(ESI-TOF, m/z): calcd for C3H,7NOsSNa [M+Na]*: 560.1503, found: 560.1501.

MsN Ph
Me

methyl (£)-5-methyl-3-((methylsulfonyl)imino)-1',3'-diphenyl-3 H-spiro|benzofuran-
2,2'-bicyclo[2.1.1]hexane]-4'-carboxylate (6i): Following the general procedure B, compound
6i was obtained as a white solid in 84% yield (84.3 mg); purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 10/1); Rs=0.40 (petroleum ether/ethyl acetate
=4/1); m.p. = 167-169 °C; 'H NMR (400 MHz, CDCls) 6 8.01 — 7.96 (m, 1H), 7.23 — 7.13 (m,
3H), 7.17 — 7.03 (m, 6H), 6.97 (dd, J="7.5, 2.0 Hz, 2H), 6.51 (d, /= 8.5 Hz, 1H), 4.39 (d, J =
2.4 Hz, 1H), 3.68 (s, 3H), 3.43 (dd, J=9.7, 7.1 Hz, 1H), 3.38 (s, 3H), 3.20 (dd, /=9.7, 7.7 Hz,
1H), 2.57 (dd, J=17.6, 2.5 Hz, 1H), 2.30 (d, J= 7.1 Hz, 1H), 2.20 (s, 3H); 3C NMR (100 MHz,
CDCl») 6 182.5, 172.0, 168.6, 140.6, 136.5, 135.9, 131.6, 129.3, 128.4(2C), 128.1(2C), 127.7,
127.5(2C), 127.0, 126.4(2C), 118.0, 111.6, 98.2, 61.6, 60.3, 52.2, 49.5, 44.9, 43.7, 43 .4, 21.0;
HRMS (ESI-TOF, m/z): caled for C29H27NOsSNa [M+Na]*: 524.1503, found: 524.1489.

MsN Ph
Cl

0 Y= —Co,Me
Ph
methyl (Z)-5-chloro-3-((methylsulfonyl)imino)-1',3'-diphenyl-3H-spiro[benzofuran-
2,2'-bicyclo[2.1.1]hexane]-4'-carboxylate (6j): Following the general procedure B,
compound 6j was obtained as a white solid in 99% yield (103.4 mg); purified by silica gel
column chromatography (petroleum ether/ethyl acetate = 10/1); Ry = 0.40 (petroleum

ether/ethyl acetate = 4/1); m.p. = 176-178 °C; *H NMR (400 MHz, CDCls) & 8.21 (d, J = 2.3
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Hz, 1H), 7.31 —7.23 (m, 1H), 7.26 — 7.16 (m, 3H), 7.18 — 7.07 (m, 3H), 7.07 (dd, J = 7.5, 2.1
Hz, 2H), 6.97 (dd, J = 7.6, 2.0 Hz, 2H), 6.58 (d, J= 8.9 Hz, 1H), 4.39 (d, J= 2.4 Hz, 1H), 3.69
(s, 3H), 3.44 — 3.34 (m, 4H), 3.19 (dd, J= 9.7, 7.7 Hz, 1H), 2.59 (dd, J=7.7, 2.5 Hz, 1H), 2.31
(d, J= 7.2 Hz, 1H); ®°C NMR (100 MHz, CDCls) & 181.2, 171.8, 168.2, 138.9, 136.1, 135.6,
129.3, 128.6(2C), 128.2(2C), 127.9, 127.5(2C), 127.2(7), 127.2(5), 126.3(2C), 119.0, 113.2,
99.1, 61.8, 60.6, 52.2, 49.6, 44.9, 43.7, 43.4; HRMS (ESI-TOF, m/z): calcd for
CasH24CINOsSNa [M+Na]*: 544.0956, found: 544.0963.

TN TsN Ph
BF3°Et,0 (10 mol%) o
Ph—@—cone + 0
s toluene, 25 °C = CO,Me
Ph Ph Ph
Ph
1a 5k 6k

General procedure C:

Under a nitrogen atmosphere, BCB 1a (0.40 mmol, 2.0 equiv.) and furan-derived
azadiene Sk (0.20 mmol, 1.0 equiv.) were added sequentially into a flame-dried Schlenk tube
equipped with a magnetic stir bar. The tube was evacuated and back-filled with nitrogen for
five times. Then the anhydrous toluene (4.0 mL) was added via syringe sequentially. Then,
BF;-Et;O (2.8 mg, 0.02 mmol, 10 mol%) was added and the mixture was stirred at 25 °C until
Sk was consumed (monitored by TLC). Then, the reaction mixture was quenched with water
and extracted with ethyl acetate for three times. The resulted filtrate was separated. The
combined organic phase was dried over Na,SO4 and concentrated under reduced pressure. The
crude mixture was purified by column chromatography (petroleum ether/ethyl acetate = 20:1)

to give the corresponding product 6k.

TsN Ph
@Al
Js\>t-co,Mme
Ph
methyl (E)-1,3,5'-triphenyl-2'-(tosylimino)-2'H-spiro[bicyclo[2.1.1]hexane-2,3'-

Ph

furan]-4-carboxylate (6k): Following the general procedure C, compound 6k was obtained as
a white solid in 84% yield (99.1 mg); purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 20/1); Ry= 0.35 (petroleum ether/ethyl acetate = 10/1); m.p. = 164-165 °C;
'H NMR (400 MHz, CDCls) & 8.01 — 7.94 (m, 2H), 7.32 (d, J = 8.1 Hz, 2H), 7.29 — 7.19 (m,
5H), 7.20 — 7.16 (m, 1H), 7.15 — 7.10 (m, 2H), 7.10 — 6.99 (m, 5H), 6.93 — 6.87 (m, 2H), 5.21
(s, 1H), 4.44 (d, J=2.0 Hz, 1H), 3.65 (s, 3H), 3.53 (dd, /=9.7, 7.4 Hz, 1H), 2.72 (dd, J= 9.7,
8.0 Hz, 1H), 2.56 (dd, J = 8.0, 2.2 Hz, 1H), 2.45 (s, 3H), 2.19 (d, J = 7.3 Hz, 1H); *C NMR
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(100 MHz, CDCls) 8 175.6, 172.0, 153.3, 144.0, 138.3, 137.9, 137.2, 130.0, 129.6(2C),
128.9(2C), 128.6(2C), 128.1(2C), 127.8(2C), 127.6, 127.3(2C), 127.2, 127.0, 126.1(2C),
125.2(2C), 104.3, 68.0, 61.0, 60.4, 52.2, 50.3, 45.1, 43.0, 21.8; HRMS (ESI-TOF, m/z): calcd
for C3¢H31NOsSNa [M+Na]*: 612.1816, found: 612.1819.

PPhAUCI (10 mol%) TsN Ph ToN
Phae T AgOTf (10 mol%) o
Ph$COzMe + X~ BF3*Et,0 (10 mol%) — + o + Ph%}COQMe
_PTaEl® (10 molw) CO,Me )=
toluene, 25 °C Ph Ph Ph
07 NH Ph
1a Ts 6k 5k 4a
<5% yield 82% yield 87% yield

Under a nitrogen atmosphere, Ph;PAuCl (9.9 mg, 0.02 mmol, 10 mol%) and AgOTf (5.1
mg, 0.02 mmol, 10 mol%) were added sequentially into a flame-dried Schlenk tube equipped
with a magnetic stir bar. The tube was evacuated and back-filled with nitrogen for five times.
Then the anhydrous toluene (4.0 mL) was added via syringe sequentially. In case of turbidity
(AgCl precipitation) in the solution of tube, the allylenamide (80.3 mg, 0.20 mmol, 1.0 equiv)
was added and stirred for 30 seconds. Then, BCB 1a (37.6 mg, 0.40 mmol, 2.0 equiv.) and
BF;-Et,0 (2.8 mg, 0.02 mmol, 10 mol%) was added and the mixture was stirred at 25 °C. After
10 mins, 1a was consumed (monitored by TLC). Then, the solvent was evaporated, and
analyzed by '"H NMR using 1,3,5-trimethoxybenzene as an internal standard. Only trace amount
(<5% yield) of the desired product 6k was detected. However, the furan-derived azadiene Sk
could generate in high yield (82% yield) and most of the BCB 1la transformed into
the-cyclobutene 4a (87% yield).
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Following the general procedure A, The BCB containing the trifluoromethyl group gave

only trace amount of the desired products with the cyclobutene as byproduct. N,N-dimethyl-3-

phenylbicyclo[1.1.0]butane-1-carboxamide,

monosubstituted

BCB sulfone and

monosubstituted BCB ketone have been evaluated and the reactions didn’t occur. Moreover,

disubstituted BCB ketone and BCB containing an acyl pyrazole group gave complex reaction

mixtures.

other BCBs

Fac%cozm

Ph

BF3+Et,0 (10 mol%)
_BTarEkO (10 mole)

toluene, 25 °C, 24 h
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CF3

o

CLXQ
o CO,Me

Ph
trace
conversion of BCB: 95%

O Ph

O
(0]
Ph N~
Me” Me
not detected
conversion of BCB: 85%

0
o
11
S $~Ph
PR O

not detected
conversion of BCB: 5%

(0]

O

Ph Ph
not detected
conversion of BCB: 4%

O Ph

O
(0]

Ph Ph

complex mixture
conversion of BCB: 97%

O Ph
O
(0]
Ph N<

complex mixture
conversion of BCB: 23%

+ FBCCOZMe

90% yield

76% yield



Benzofuran-derived oxadiene with aliphatic group (cyclohexyl) gave a complex reaction
mixture. The 6-OMe substituted benzofuran-derived oxadiene failed to give the desire product

and gave cyclobutene 4a as byproduct.

other benzofuran-derived oxadienes
O Ph

o
— o CO,Me
] Ph%}coznﬂe
+
[}
Meom_\ Ph

complex mixture
BF3*Et,0 (10 mol%) conversion of BCB: 96%
— e

toluene, 25 °C, 10 min

62% yield
Ph%ooznﬂe +

1a o Ph

Ph%}COZMe
MeO o CO,Me

Ph
not detected
conversion of BCB: 94%

88% yield
In addition, acyclic oxadiene afforded ideal product in 9% yield. Encouragely, monocyclic

oxadiene without dearomatization driving force was investigated, but no target product was

observed.
Ph
Q o)
Ph*/\ph PH COMe Ph{ >—CO,Me
Ph
? 75% yield
BF3+Et,0 (10 mol%) 9% yield
Ph%cozm + —_— " +
toluene, 25 °C, 10 min
* 2 0 Ph
ﬂ ph— >—come
P~ O Ph pr” O CO,Me
Ph
not detected 0
conversion of BCB: 99% 90% yield
PH CO,Me

methyl 3-benzoyl-2,4-diphenylbicyclo[2.1.1]hexane-1-carboxylate (7): Following the
general procedure A, compound 7 was obtained as a white solid in 9% yield (7.1 mg); purified
by silica gel column chromatography (petroleum ether/ethyl acetate = 50/1); Ry = 0.40
(petroleum ether/ethyl acetate = 20/1); m.p. = 121-123 °C; 'H NMR (400 MHz, CDCl3) § 7.56
—7.50 (m, 2H), 7.37 - 7.20 (m, 6H), 7.19 — 7.01 (m, 7H), 4.37 (dd, /=4.9, 1.9 Hz, 1H), 4.23
(dd, J=4.9, 1.7 Hz, 1H), 3.64 (s, 3H), 3.08 (dd, /= 9.6, 6.8 Hz, 1H), 2.70 (dd, J=9.6, 7.4 Hz,
1H), 2.34 (dd,J=7.4,1.9 Hz, 1H), 2.19 (dd, J= 6.8, 1.7 Hz, 1H); *C NMR (100 MHz, CDCls)
0 201.4, 172.7, 141.2, 140.3, 137.9, 132.8, 128.8(2C), 128.4(2C), 128.3(2C), 128.2(2C),
127.6(2C), 126.9, 125.9(2C), 59.1, 55.5, 52.5, 52.0, 51.8, 45.2, 43.9; HRMS (ESI-TOF, m/z):
caled for C,7H2403Na [M+Na]*: 419.1618, found: 419.1620.
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To further expand the substrate scope of BF;-Et,O-Catalyzed formal [2m + 20]

cycloaddition reaction, several other a,f-unsaturated compounds were tested following the

general procedure A.
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7. Scale-up experiment

O Ph

o)
) BF3Et,0 (10 mol%)
Ph@—/{ + ; 3
OMe — toulene, 25 °C o CO,Me
(0] Ph PH
1a 2a 3a

Under a nitrogen atmosphere, BCB 1a (1.13 g, 6.0 mmol, 3.0 equiv.) and benzofuran-
derived oxadiene 2a (0.44 g, 2.0 mmol, 1.0 equiv.) were added sequentially into a flame-dried
Schlenk flask equipped with a magnetic stir bar. The flask was evacuated and back-filled with
nitrogen for five times. Then the anhydrous toluene (40.0 mL) was added via syringe
sequentially. Then, BF3-Et,O (28.4 mg, 0.2 mmol, 10 mol%) was added and the mixture was
stirred at 25 °C. After completion (10 mins), the reaction mixture was quenched with water and
extracted with ethyl acetate for three times. The resulted filtrate was separated. The combined
organic phase was dried over Na>SO4 and concentrated under reduced pressure. The crude
mixture was purified by column chromatography (petroleum ether/ethyl acetate = 20:1) to give

the corresponding product 3a in 81% yield (665 mg).
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8. Synthetic transformations of products

O Ph Me OH Ph

@E%;L MeMgBr (3.0 equiv) on
0 Y~ CO,Me THF (0.1 M) 0 Me
P 25°C,0.5h PR Me
3a 8

A flame-dried Schlenk tube was charged compound 3a (82.1 mg, 0.2 mmol, 1.0 equiv.).
Then purged with nitrogen. Anhydrous THF (2.0 mL) was added via syringe to the reaction
tube. Then MeMgBr (0.2 mL, 0.6 mmol, 3.0 equiv., 3.0 M in Et,O) was added dropwise. The
resultant solution was stirred at 25 °C for 30 minutes. Then the reaction mixture was quenched
with saturated NH4Cl aqueous solution and extracted with ethyl acetate for three times. The
combined organic phase was washed with brine, dried over Na;SO4 and concentrated under
reduced pressure. The crude mixture was purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 4:1) to give the corresponding product 8 as a white solid in
83% yield (70.8 mg, dr > 20:1). m.p. = 152-154 °C; 'H NMR (400 MHz, CDCIl3) 6 7.61 (brs,
2H), 7.34 — 7.25 (m, 4H), 7.27 — 7.18 (m, 1H), 7.14 — 6.94 (m, 4H), 6.85 (dd, /= 7.4, 1.4 Hz,
1H), 6.66 (d, J= 8.0 Hz, 1H), 6.64 — 6.56 (m, 1H), 3.92 (d, J= 2.4 Hz, 1H), 3.20 (dd, /= 9.6,
7.5 Hz, 1H), 2.31 (dd, J=9.6, 7.0 Hz, 1H), 2.13 (d, /= 7.0 Hz, 1H), 2.08 (d, /= 1.1 Hz, 1H),
1.94 (dd, J = 7.5, 2.5 Hz, 1H), 1.56 (s, 3H), 1.18 (s, 1H), 1.15 (s, 3H), 0.96 (s, 3H); 3C NMR
(100 MHz, CDCls) 8 157.4, 141.3, 138.7, 133.6, 132.1(2C), 129.5, 128.4(2C), 128.1(2C),
127.3(2C), 127.3, 126.7, 122.3, 120.6, 109.6, 101.3, 83.0, 71.4, 56.9, 56.0, 53.9, 42.7, 42.6,
28.7, 26.6(1), 26.5(5); HRMS (ESI-TOF, m/z): calcd for C9H30O3Na [M+Na]™: 449.2088,
found: 449.2089.

O Ph OH Ph

@E%;I\ DIBAL-H (4.5 equiv)

0 Y ~CO,Me DCM (0.1 M) o\
Ph -78°C,0.5h Ph OH

3a 9

A flame-dried Schlenk tube was charged 3a (82.1 mg, 0.2 mmol, 1.0 equiv.) and purged
with nitrogen. Anhydrous DCM (2.0 mL) was added via syringe to the reaction tube. The
mixture was cooled to -78°C. Then DIBAL-H (0.6 mL, 0.9 mmol, 1.5 M in toluene) was added
dropwise. The resultant solution was stirred at -78 °C for 30 minutes. After the Ireaction was
completed, the mixture was warmed to room temperature and saturated aqueous Roche salt (5.0
mL) was added slowly to quench the reaction, and the resulting mixture was stirred overnight.
The reaction mixture was extracted with DCM for three times. The combined organic phase
was washed with brine, dried over Na,SO4 and concentrated under reduced pressure. The crude
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mixture was purified by silica gel column chromatography (petroleum ether/ethyl acetate = 1:1)
to give the corresponding product 9 as a white solid in 90% yield (69.2 mg). m.p. = 135-137 °C;
'"H NMR (400 MHz, CDCl3)  7.47 — 7.40 (m, 2H), 7.23 — 7.07 (m, 9H), 7.03 — 6.95 (m, 1H),
6.78 — 6.69 (m, 1H), 6.42 (d, J= 8.1 Hz, 1H), 5.45 (d, /= 11.0 Hz, 1H), 3.78 — 3.65 (m, 2H),
3.49 (d, J=2.3 Hz, 1H), 3.09 — 2.98 (m, 1H), 2.29 — 2.23 (m, 2H), 1.90 (dd, J = 7.3, 2.3 Hz,
1H), 1.32 (s, 1H), 1.20 (d,J=11.4 Hz, 1H); ¥C NMR (100 MHz, CDCls) 5 158.8, 141.3, 137.0,
130.5, 129.6(2C), 129.1, 128.3(2C), 127.8(2C), 127.3(2C), 126.7, 126.6, 125.1, 120.7, 110.0,
98.4, 81.0, 62.8, 62.2, 54.7, 51.2, 43.9, 43.2; HRMS (ESI-TOF, m/z): calcd for C;6H2403Na
[M+Na]": 407.1618, found: 407.1615.

O Ph O Ph

KOH (4.0 equiv)
@E%;I\ MeOH (0.1 M) @E%;I\
O Y CO,Me 60 °C, 12 h [OJ COOH
Ph Ph
3a 10

3a (82.1 mg, 0.2 mmol, 1.0 equiv.) was dissolved in MeOH (2.0 mL), then 1 M KOH
solution (0.8 mL, 0.8 mmol, 4.0 equiv.) was added. The reaction mixture was stirred at 60 °C
for 12 hours. After the reaction was completed, then ethyl acetate (3 mL) was added to extract
the reaction solution and the organic phase was removed. Acidified the aqueous phase with 2
M HCI to pH = 1, then the reaction mixture was quenched with saturated NH4Cl aqueous
solution and extracted with ethyl acetate for three times. The combined organic phase was
washed with brine, dried over Na>SO4 and concentrated under reduced pressure. The crude
mixture was purified by silica gel column chromatography (DCM/MeOH = 20:1) to give the
corresponding product 10 as a white solid in 93% yield (73.7 mg). m.p. = 141-143 °C; '"H NMR
(400 MHz, CDCls) 6 9.77 (brs, 1H), 7.46 (d, J= 7.7 Hz, 1H), 7.39 — 7.31 (m, 1H), 7.22 — 6.95
(m, 10H), 6.91 — 6.83 (m, 1H), 6.68 (d, J= 8.4 Hz, 1H), 4.35 (s, 1H), 3.47 — 3.32 (m, 1H), 3.20
~3.06 (m, 1H), 2.49 (d, J=17.5 Hz, 1H), 2.31 (d, J= 7.0 Hz, 1H); 3C NMR (100 MHz, CDCl5)
0 202.3, 177.6, 171.6, 138.0, 136.8, 136.0, 128.4(2C), 128.1(2C), 127.8(2C), 127.4, 127.0,
126.4(2C), 124.0, 121.7, 121.6, 112.7, 95.9, 58.4, 58.3, 49.9, 44.8, 42.9; HRMS (ESI-TOF,
m/z): caled for Co¢Hz00sNa [M+Na]*: 419.1254, found: 419.1256.

MsN Ph MsNH Ph
NaBH, (3.0 equiv) 2

MeOH:THF = 3:1, (0.1 M) \
O Y~ ~CO;Me 40°C,5h O Y ~CO;Me
Ph Ph
6a 1"

A flame-dried Schlenk tube was charged 6a (97.5 mg, 0.2 mmol, 1.0 equiv) and purged
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with nitrogen. Anhydrous MeOH and THF (3:1 v:v, 2.0 mL) was added via syringe to the
reaction tube. The mixture was stirred at 0 °C (ice bath) for 2.0 minutes. Then NaBH4 (22.7 mg,
0.6 mmol, 3.0 equiv) was added in three portions. The resultant solution was warmed to 40 °C
and stirred for 5 hours. After the reaction was completed, the reaction mixture was quenched
with water and extracted with ethyl acetate for three times. The combined organic phase was
washed with brine, dried over Na>SO4 and concentrated under reduced pressure. The crude
mixture was purified by silica gel column chromatography (petroleum ether/ethyl acetate =4:1)
to give the corresponding product 11 as colorless oil in 91% yield (89.1 mg); '"H NMR (400
MHz, CDCl3) 6 7.40 — 7.33 (m, 2H), 7.26 — 7.08 (m, 7H), 7.10 — 6.97 (m, 3H), 6.84 — 6.76 (m,
1H), 6.45 (d, J= 8.1 Hz, 1H), 5.60 (d, /= 10.3 Hz, 1H), 4.12 - 4.01 (m, 2H), 3.61 (s, 3H), 3.12
(dd, J=9.5, 7.5 Hz, 1H), 3.03 (s, 3H), 2.74 (dd, /=9.5, 7.3 Hz, 1H), 2.56 (d, /= 7.3 Hz, 1H),
2.31(dd,J=7.5,2.4 Hz, 1H); *C NMR (100 MHz, CDCls) 6 172.3, 158.3, 139.6, 136.6, 130.7,
128.6(2C), 128.1(2C), 128.0(2C), 127.4(2C), 127.2, 126.8, 126.4, 124.2, 121.2, 110.3, 95.9,
63.7,63.5,55.1,52.0,49.5,45.4,44.9, 42.7; HRMS (ESI-TOF, m/z): calcd for C,sH»7NOsSNa
[M+Na]": 512.1503, found: 512.1504.
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9. Crystallographic data for compounds 3a, 6a and 9

Preparations:

The corresponding compound (20.0 mg) was dissolved in 5.0 mL CH,Cl, or acetone. The
solution was filtered by millipore filter and transferred to a vial. Then, drops of hexane were
added subsequently. A single crystal was obtained by natural volatilization at room temperature.

Crystals of 3a, 6a and 9 were prepared through the above method.

Methods:

The data set was collected by a Bruker APEX-II CCD at 293(2) K equipped with micro-
focus Cu radiation source (Ka = 1.54178 A). Applied with face-indexed numerical absorption
correction, the structure solution was solved and refinement was processed by SHELXTL

program package.

Date of 3a: Details of the X-ray experiments and crystal data are summarized below.
CCDC 2331074 contains the supplementary crystallographic data, and can be obtained free of

charge via www.ccdc.cam.ac.uk/conts/retrieving.html.

Ellipsoids are drawn at the 30% probability level

Date of 6a: Details of the X-ray experiments and crystal data are summarized below.
CCDC 2331076 contains the supplementary crystallographic data, and can be obtained free of

charge via www.ccdc.cam.ac.uk/conts/retrieving.html.
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Ellipsoids are drawn at the 30% probability level

Date of 9: Details of the X-ray experiments and crystal data are summarized below. CCDC
2356085 contains the supplementary crystallographic data, and can be obtained free of charge

via www.ccdc.cam.ac.uk/conts/retrieving.html.

Ellipsoids are drawn at the 30% probability level
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10. H NMR, C NMR, and °F NMR spectra

'"H NMR of 3a in CDCl; (400 MHz)
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"H NMR of 3b in CDCI; (400 MHz)
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'"H NMR of 3¢ in CDCl; (400 MHz)
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'H NMR of 3d in CDCl; (400 MHz)
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'"H NMR of 3e in CDCl; (400 MHz)
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'"H NMR of 3f in CDCl; (400 MHz)
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"H NMR of 3g in CDCIl; (400 MHz)
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F NMR of 3g in CDCl; (376 MHz)
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'H NMR of 3h in CDCl; (600 MHz)
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'H NMR of 3i in CDCl; (400 MHz)
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O Ph

'"H NMR of 3j in CDCl; (400 MHz)
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'H NMR of 3k in CDCl; (400 MHz)
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'H NMR of 31 in CDCl; (400 MHz)
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'"H NMR of 3m in CDCl; (400 MHz)
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19F NMR of 3m in CDCl; (376 MHz)
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13C NMR of 3n in CDCl; (100 MHz)
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'"H NMR of 30 in CDCl; (400 MHz)
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"H NMR of 3p in CDCl; (400 MHz)
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“F NMR of 3p in CDCl; (376 MHz)
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"H NMR of 3q in CDCl; (400 MHz)

=

Me

Me

200'9
o00'L

¥00'}

Yoot
001

H\éo.m

1 (ppm)

BC NMR of 3q in CDCI; (100 MHz)

9yl —

9LL'EV ~.
VLS VY
0186V~
€80°2S —
L0€°8S

€81'8S V

€v8'9L
owr.hhw
8LV’ LL

986°G6 —

8LLTLL —
665°12ZL
viLLZL
L06°€ZL —
vev'szl /f
zov'ozL
60€°22L
zvo'szL
185°821
Lb0°9EL
€Ll gL
ZurLsL
seg'lel

6S9°LLL~
s8LzLL”

L6v'2c0C —

i

T T
190 180

T
200

T
210

1 (ppm)

55



'"H NMR of 3r in CDCl; (400 MHz)
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'"H NMR of 3s in CDCl; (400 MHz)
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"H NMR of 3t in CDCl; (400 MHz)
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"H NMR of 3u in CDCI; (400 MHz)
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'"H NMR of 3v in CDCl; (400 MHz)
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'"H NMR of 3w in CDCl; (400 MHz)

O Ph

H0

s

I

1 (ppm)

H/Oo.r
00'L

H\éo.m

00’1
001

0z
J00°
$00°€
#00'L

8.5 8.0 7.5 7.0 6.5

9.0

13C NMR of 3w in CDCl; (100 MHz)

165¢C —

290°EY ~\.
685 vy —
988°6¥ ~
coL'es —
92¢'8S
Lev'es

€v8'9L

O ZE

8LV’ LL

0v0°96
6LLZLL
LLE6LL
sirezl
zos'czl
vL¥9ZL
Sv8°9zZ1
862°L2Z)
1827221
050°8Z1
sie8zL”
ZLE9EL
oLLLeL”

L€0°0SL —

LIzl
voLcLi V

195°10C —

T T
190 180

T
200

T
210

1 (ppm)

61



"H NMR of 3x in CDCl; (400 MHz)
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19F NMR of 3x in CDCl; (376 MHz)
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"H NMR of 3z in CDCI; (400 MHz)
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'H NMR of 4a in CDCl; (600 MHz)
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'"H NMR of 6a in CDCl; (400 MHz)
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'H NMR of 6b in CDCl; (400 MHz)
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'"H NMR of 6¢ in CDCl; (400 MHz)
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'H NMR of 6d in CDCl; (400 MHz)
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'"H NMR of 6e in CDCl; (400 MHz)
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'H NMR of 6f in CDCl; (400 MHz)
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19F NMR of 6f in CDCl; (376 MHz)
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'"H NMR of 6g in CDCl; (400 MHz)
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BC NMR of 6g in CDCI; (100 MHz)
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'H NMR of 6h in CDCl; (400 MHz)
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'H NMR of 6i in CDCl; (400 MHz)
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'H NMR of 6 in CDCl; (400 MHz)
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'H NMR of 6k in CDCl; (400 MHz)
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'H NMR of 7 in CDCl; (400 MHz)
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'H NMR of 8 in CDCl; (400 MHz)
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'H NMR of 9 in CDCl; (400 MHz)
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'"H NMR of 10 in CDCl; (400 MHz)
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'H NMR of 11 in CDCl; (400 MHz)
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