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1. General methods and materials

NMR spectra were acquired on a BRUKER AVANCE 300, BRUKER AVANCE-II 300 or BRUKER
AVANCE NEO 500 spectrometer running at 300 or 500 MHz for H and 75 or 125 MHz for *C and
were internally referenced to residual solvent signals (CDClIs referenced at & 7.26 ppm for *H NMR
and & 77.0 ppm for *C-NMR. Data for *H NMR are reported as follows: chemical shift (5 ppm),
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad), coupling constant
(Hz) and integration. Data for *H-decoupled and *C and are reported in terms of chemical shift. The
diastereomeric ratios were determined by 'H NMR analysis of the crude reaction mixture through
integration of diagnostic signals. High-Resolution Mass Spectra (HRMS) were obtained on an Agilent
Technologies 6120 Quadrupole LC/MS coupled with an SFC Agilent Technologies 1260 Infinity
Series instrument for the MS (ESI) (Electrospray lonization). MassWorks software version 4.0.0.0
(Cerno Bioscience) was used for the formula identification. MassWorks is an MS calibration software
which calibrates isotope profiles to achieve high mass accuracy and enables elemental composition
determination on conventional mass spectrometers of unit mass resolution allowing highly accurate
comparisons between calibrated and theoretical spectra. Commercial grade reagents and solvents
were purchased from Acros Organics, Alfa Aesar, Fluorochem, Sigma-Aldrich, BLD Pharm, and TCI
Chemicals. Analytical TLC was performed using pre-coated aluminum-backed plates (Merck TLC
Silicagel 60 F254) and visualized by ultraviolet irradiation. Chromatographic purification of products
was accomplished by flash chromatography using silica gel (Merck Geduran® Si 60) unless another
stationary phase is specified.

2. Electrochemical setup

All the electrodes and equipment (ElectraSyn 2.0) used for the batch electrochemical experiments
were acquired from IKA.
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3. Electrochemical-flow setup

All continuous-flow experiments were carried out using a commercially available Vapourtec lon
electrochemical reactor fixed on an E-series Vapourtec equipment. The reactor has a channel volume
of 0.6 mL and was equiped with two electrodes of 5 x 5 cm size with an 0.5 mm spacer. For the study
of the flow optimization, the electrodes used were graphite and nickel.

4. General procedures for the synthesis of B-ketoesters and B-ketoamides

4.1.General procedure Al: Synthesis of B-ketoesters 1a, 1b, 1c, le, 1f, 1i
Variation of a procedure described in literature. *

R R
O . O
R NaH (10.0 equiv.) R
Toluene:Dimethylcarbonate 5:1 (0.08 M) CO;Me
R 120°C, 18 h R"

The corresponding commercially available ketone (37.8 mmol) was dissolved in a mixture of
toluene/dimethyl carbonate (250 mL, 5:1) at room temperature, and then cooled at 0 °C. Sodium
hydride (NaH, 60% in mineral oil, 10.0 equiv.) was added in three portions, and the resulting
suspension was stirred at 0 °C for 10 min. After that time, the reaction was stirred at reflux for 18 h.
Then, the reaction mixture was acidified with 1 M aqueous HCI until pH 7 and extracted with EtOAc
(3 x 20 mL). The organic layers were combined, washed with brine, dried over Na>SO, filtered and
evaporated to dryness. The resulting oily residue was purified by column chromatography to afford
the pure B-ketoesters 1a, 1b, 1c, 1le, 1f and 1i.
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Methyl 1-ox0-2,3-dihydro-1H-indene-2-carboxylate (1a)

o Following the general procedure Al, 2,3-dihydro-1H-inden-1-one (5.0 g, 37.8
mmol) and sodium hydride (15.0 g, 378.0 mmol) gave product 1a (4.6 g, 65 %)
COz:Me  as a pale orange solid after purification (90:10 CyHex/EtOAc).
la

H NMR (300 MHz, CDCls) & 7.78 (d, J = 7.7 Hz, 1H), 7.63 (td, J = 7.5, 1.3 Hz, 1H), 7.54 — 7.48 (m,
1H), 7.40 (t, J = 7.5 Hz, 1H), 3.80 (s, 3H), 3.75 (dd, J = 8.3, 4.0 Hz, 1H), 3.64 — 3.50 (m, 1H), 3.38
(dd, J=17.3, 8.3 Hz, 1H); Representative enol tautomer signals: § 10.37 (s, 1H), 3.86 (s, 3H).
Spectra data are consistent with those reported in the literature. *

Methyl 5-chloro-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (1b)

O Following the general procedure Al, 5-chloro-1-indanone (1.0 g, 6.0 mmaol)
and sodium hydride (1.44 g, 60 mmol) gave product 1b (766 mg, 60 %) as
CO,Me a white solid after purification (90:10 CyHex/EtOAc).
Cl
1b

1H NMR (300 MHz, CDCls) 6 7.62 (d, J = 8.2 Hz, 1H), 7.43 (d, J = 1.0 Hz, 1H), 7.31 (dd, J=8.2, 1.8
Hz, 1H), 3.74 (s, 3H), 3.71 (dd, J = 8.3, 4.1 Hz, 1H), 3.49 (dd, J = 17.5, 4.1 Hz, 1H), 3.30 (dd, J =
17.5, 8.3 Hz, 1H); Representative enol tautomer signals: 6 10.25 (s, 1H), 7.47 (d, J = 8.1 Hz, 1H),
7.37 (d, J=1.1Hz, 1H), 7.28 — 7.27 (m, 1H), 3.80 (s, 3H), 3.41 (s, 2H).

Spectra data are consistent with those reported in the literature. 2

Methyl 5-methyl-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (1c)

0 Following the general procedure Al, 5-methyl-1-indanone (1.5 g, 10.3 mmol)
and sodium hydride (2.46 g, 102.6 mmol) gave product 1c (1.01 g, 50%) as
CO,Me an orange solid after purification (90:10 CyHex/EtOAcC).
1c

1H NMR (300 MHz, CDCls) 5 7.66 (d, J = 7.9 Hz, 1H), 7.29 (s, 1H), 7.20 (d, J = 7.8 Hz, 1H), 3.78 (s,
3H), 3.72 (dd, J = 8.3, 4.0 Hz, 1H), 3.51 (dd, J = 17.4, 4.2 Hz, 1H), 3.31 (dd, J = 17.2, 8.2 Hz, 1H),
2.44 (s, 3H).

Spectra data are consistent with those reported in the literature. 2

Methyl 7-bromo-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (1e)

Br o Following the general procedure A1, 7-bromoindan-1-one (0.5 g, 2.4 mmol) and
sodium hydride (0.57 g, 23.7 mmol) gave product 1e (584.9 mg, 92%) as a pale
COM white solid after purification (90:10 CyHex 90:10 EtOAc).
PAUS
le

1H NMR (300 MHz, CDCls) & 7.53 (dd, J = 6.4, 2.4 Hz, 1H), 7.44 — 7.42 (m, 1H), 7.42 — 7.36 (m, 1H),
3.79 (s, 3H), 3.78 — 3.73 (m, 1H), 3.51 (dd, J = 17.5, 4.2 Hz, 1H), 3.32 (dd, J = 17.4, 8.5 Hz, 1H);
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Representative enol tautomer signals: 6 10.74 (s, 1H), 7.50 — 7.46 (m, 1H), 7.27 —7.19 (m, 1H), 3.86
(s, 3H), 3.45 (s, 2H).

Spectra data are consistent with those reported in the literature. 2

Methyl 1-ox0-1,2,3.4-tetrahydronaphthalene-2-carboxylate (1f)

o Following the general procedure Al, 1-tetralone (1.0 g, 6.8 mmol) and sodium

CO,Me hydride (1.64 g, 68.4 mmol) gave product 1f (934.7 mg, 67%) as a white solid
after purification (90:10 CyHex/EtOAC).

1f

1H NMR (300 MHz, CDCls) 8.10 — 8.01 (m, 1H), 7.50 (td, J = 7.5, 1.5 Hz, 1H), 7.39 — 7.28 (m, 2H),
3.78 (s, 3H), 3.63 (dd, J = 10.2, 4.8 Hz, 1H), 3.16 — 2.91 (m, 2H), 2.63 — 2.43 (m, 2H), 2.54 — 2.44 (m,
2H). Representative enol tautomer signals:  12.39 (s, 1H), 7.20—7.14 (m, 1H), 3.83 (s, 3H).
Spectra data are consistent with those reported in the literature. *

Methyl 2-methyl-3-0x0-3-phenylpropanoate (1i)

o O Following the general procedure Al, propiophenone (532.0 puL, 4.0 mmol) and
o sodium hydride (1.6 g, 40.0 mmol) gave product 1i (531.0 mg, 69%) as a white
solid after purification (90:10 Et,O/Petroleum ether).
1i
H NMR (300 MHz, CDCL3) 6 8.03 — 7.93 (m, 2H), 7.65 — 7.53 (m, 1H), 7.54 — 7.42 (m, 2H), 4.41 (q,
J=7.1Hz, 1H), 3.69 (s, 3H), 1.50 (d, J = 7.1 Hz, 3H).
Spectra data are consistent with those reported in the literature. !
4.2.Synthesis of methyl 5,6-dimethoxy-1-0x0-2,3-dihydro-1H-indene-2-carboxylate (1d)

Variation of a procedure described in literature. #

0] Dimethylcarbonate (3.0 equiv.) 0
MeO NaH (3.0 equiv.) MeO
Ij:g THF (0.6 M), N2 :@é—cozl\ﬂe
MeO reflux, 5 h MeO
1d

In a round-bottom flask, sodium hydride (60% in mineral oil, 3.0 equiv.) was placed. Then, it was
dissolved in dry THF (0.2 mL/mmol NaH) under nitrogen atmosphere, forming a white suspension.
Next, dimethyl carbonate (3.0 equiv.) was added to the suspension. Then, a solution of 5,6-dimethoxy-
2,3-dihydro-1H-inden-1-one (5.0 mmol) in dry THF (1 mL/mol ketone) was added to the reaction
mixture dropwise in a period of 3-5 minutes. The reaction mixture was heated to reflux until full
conversion of the reagent was observed by TLC (3-5 h). Afterwards, 1 M ag. solution of HCI was
added to the mixture until pH=2-3. The aqueous mixture was then extracted with dichloromethane.
The combined organic layer was dried over anhydrous Na>SO,, and the solvent was removed under
reduced pressure. The residue was purified by flash column chromatography on silica gel (80:20
CyHex/EtOAc) to provide B-keto ester 1d (985.0 mg, 79%) as a pale brown solid.
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1H NMR (300 MHz, CDCl3) & 7.18 (s, 1H), 6.91 (s, 1H), 3.98 (s, 3H), 3.91 (s, 3H), 3.79 (s, 3H), 3.73
(dd, J = 7.9, 3.6 Hz, 1H), 3.47 (dd, J = 17.0, 3.5 Hz, 1H), 3.28 (dd, J = 17.0, 7.8 Hz, 1H).

Spectra data are consistent with those reported in the literature. °
4.3.Synthesis of tert-butyl 1-oxo-2,3-dihydro-1H-indene-2-carboxylate (1g) ©

o ‘BUOH (10.0 equiv.) o

Dibutyl tin(IV) oxide (10 mol%)
@Eg* CO.Me CO,'Bu

Toluene (0.1 M)
la 1g

To a 50 mL round bottom flask 1a (400 mg, 2.1 mmol), tert-butanol (10 equiv.) and dibutyl tin(1V)
oxide (10 mol%) were added and dissolved in toluene (0.1 M). The mixture was stirred vigorously at
reflux for 3 h. The solution was concentrated til dryness and purified by flash column chromatography
on silica gel (95:5 CyHex/EtOAc) to provide the tert-butylic B-ketoester (236.1 mg, 48%) as a pink
solid.

'H NMR (300 MHz, CDCls) 6 7.72 (d, J = 8.6 Hz, 1H), 7.58 (t, J = 7.5 Hz, 1H), 7.47 (d, J = 7.6 Hz,
1H), 7.35 (t, J = 7.5 Hz, 1H), 3.61 (dd, J = 8.3, 4.0 Hz, 1H), 3.48 (dd, J = 17.3, 4.0 Hz, 1H), 3.31 (dd,
J=17.2, 8.2 Hz, 1H), 1.49 (s, 9H); Representative enol tautomer signals: & 3.43 (s, 2H), 1.58 (s, 9H).

Spectra data are consistent with those reported in the literature.

4.4.Synthesis of N-butyl-1-0x0-2,3-dihydro-1H-indene-2-carboxamide (1h) ’

0 1) MS 4A, Toluene O .
(o]
b OHNTN 70°C, 18 h
COZMe
2) 6 N HCI, Dioxane NHBu
la 1h

To a 25 mL round bottom flask, microwave activated MS 4A, 1a (1.3 g, 6.8 mmol) and n-butylamine
(2.37 mL, 24.0 mmol) were dissolved in toluene (22.8 mL) under argon atmosphere. The mixture was
heated to 70 °C and stirred for 18 h. After the completion of the reaction, the mixture was cooled to
room temperature and filtered through a pad of Celite®. The filtrate was collected and concentrated
until dryness. The residue was purified by column chromatography on silica gel (90:10 CyHex/EtOACc)
to give B-ketoamide 1h (1.1 g, 68%).

1H NMR (300 MHz, CDCls) & 7.75 (d, J = 7.7 Hz, 1H), 7.63 (td, J = 7.4, 1.3 Hz, 1H), 7.56 — 7.47 (m,
1H), 7.44 — 7.32 (m, 1H), 7.13 (s, 1H), 3.80 (dd, J = 17.7, 4.0 Hz, 1H), 3.54 (dd, J = 8.3, 3.9 Hz, 1H),
3.41 - 3.34 (m, 1H), 3.36 — 3.25 (M, 2H), 1.59 — 1.48 (m, 2H), 1.44 — 1.31 (m, 2H), 0.93 (t, J = 7.2 Hz,
3H).

Spectra data are consistent with those reported in the literature.

S7



4.5 Synthesis of 2-benzoyl-2,3-dihydro-1H-inden-1-one (1j) &

O
C|)J\Ph (1.1 equiv.) 0
O NaHDMS (2 equiv.) o
():g Et20 [0.14 M], -78 °C @é—{ph

1]

Commercially available 1-Indanone was dissolved in Et,O (30 mL) under argon atmosphere and was
treated with a solution of NaHDMS (3.8 mL of 2 M solution in THF, 7.57 mmol) at -78 °C. The reaction
mixture was stirred for 30 minutes and a solution of the acyl chloride (478 pL, 4.16 mmol) in Et,O was
added dropwise. The reaction mixture was stirred for further 1.5 h. The reaction was quenched with
15 mL of an aqueous solution of NH4Cl, and the organic layer was extracted with Et,O (3 x 10 mL).
The combined organic layers were dried over MgSOQ., filtered, and concentrated until dryness. The
crude product was purified by column chromatography on silica gel (97:3 CyHex/EtOAc) to give 2-
benzoyl-2,3-dihydro-1H-inden-1-one 1j (745 mg, 83%) as a brown solid.

1H NMR (300 MHz, CDCls) & 15.07 (s, 1H), 8.06 — 7.81 (m, 3H), 7.70 — 7.34 (m, 6H), 3.92 (s, 2H).

Spectra data are consistent with those reported in the literature.

5. General procedure B: Synthesis of alkenes

5.1.General procedure B1: Synthesis of aryl alkenes 2b and 2g

Variation of a procedure described in literature. ®
MePPh3Br (1.2 equiv.)

o
"BuLi (1.2 equiv.)
N N
R | SR RCY T YR
= = dry THF (0.25 M) L _

0°C, 30 min
rt, 16 h

Methyltriphenylphosphonium bromide (1.9 mmol, 1.2 equiv.) was added to a flame-dried round-
bottom flask and dissolved in dry THF (6.3 mL, 0.25 M) under argon atmosphere. To this vigorously
stirred heterogeneous solution was added n-butyllithium (1.9 mmol of a 2.5 M THF solution, 1.2
equiv.) dropwise at 0 °C. The reaction was allowed to stir at room temperature for 30 min until a bright
yellow heterogeneous mixture was achieved. Then, the corresponding 1,1-diarylketone (1.6 mmol)
was added slowly at 0 °C. Upon complete addition, the reaction was stir overnight at room
temperature. Then, the reaction mixture was washed with brine and extracted with EtOAc (3 x 10
mL). The combined organic layers were dried over anhydrous MgSOs and concentrated under
vacuum until dryness. The residue was purified by silica gel flash chromatography to afford the
desired diaryl alkenes 2b, 2g and 2i.
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4.4'-(Ethene-1,1-diyl)bis(methoxybenzene) (2b)

Following the general procedure B1, methyltriphenylphosphonium

bromide (685.9 mg, 1.9 mmol), 4,4'-dimethoxybenzophenone (387.6
O O mg, 1.6 mmol), n-buthyllithium (0.77 mL of 2.5 M THF solution, 1.9
MeO OMe

mmol) gave product 2b (299.9 mg, 78%) as a yellow solid after
purification (90:10 CyHex/EtOAc).
2b

1H NMR (300 MHz, CDCl3) 6 7.33 — 7.27 (m, 4H), 6.92 — 6.84 (m, 4H), 5.31 (s, 2H), 3.83 (s, 6H).
Spectra data are consistent with those reported in the literature. 1°

Ethene-1,1-divldicyclohexane (29)

Following the general procedure B1, methyltriphenylphosphonium bromide (2.07 g,
5.8 mmol), ethene-1,1-diyldicyclohexane (582.9 mg, 3.0 mmol), n-buthyllithium
(2.16 mL of 2.5M THF solution, 5.4 mmol) gave product 2g (390.2 mg, 68%) as a

2 colourless oil after purification (100 CyHex).

1H NMR (300 MHz, CDCls) & 4.69 (s, 2H), 1.89 — 1.61 (m, 12H), 1.37 — 1.02 (m, 10H).

Spectra data are consistent with those reported in the literature. *

5.2.General procedure B2: Synthesis of aryl alkenes 2c and 2d

Variation of a procedure described in literature. 1°

MePPh3Br (2.0 equiv.)

0
KO'Bu (2.0 equiv.)
SasEE Tl e
RT Ny THF dry (0.2 M R Ny
% = 0°C, 30 min =

rt, 12 h

/

\

In a 100 mL round bottom flask with a stirring bar, methyltriphenylphosphonium bromide (2.8 g, 8.0
mmol) and potassium tert-butoxide (897.6 mg, 8.0 mmol) were dissolved in 20.0 mL of dry THF at O
°C under nitrogen. The reaction mixture was stirred at 0 °C for 30 min. Then, the corresponding
benzophenone (4.0 mmol) was added. The mixture was stirred at room temperature overnight. To
guench the reaction, 50 mL of H,O were added, and the THF was removed under vacuum. 1 M agq.
solution of HCI (20.0 mL) was added and extracted with EtOAc (3 x 30 mL). The combined organic
layers were dried with anhydrous MgSQ., filtered, and concentrated until dryness. The residue was
further purified by flash column chromatography on silica gel (CyHex/EtOAc) to provide the aryl
alkenes 2c and 2d.

4.4'-(Ethene-1,1-diyl)bis(methoxybenzene) (2c)

Following the general procedure B2, methyltriphenylphosphonium

bromide (2.86 g, 8.0 mmol), di-p-tolylmethanone (841.4 mg, 4.0 mmol),

O O potassium tert-butoxide (897.7 mg, 8.0 mmol) gave product 2c (735 mg,

Me
2c

Me 88%) as a colourless oil after purification (99:1 CyHex/EtOAc).
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1H NMR (300 MHz, CDCl3) & 7.15 (dt, J = 8.1, 1.9 Hz, 4H), 7.05 (dt, J = 7.9, 0.7 Hz, 4H), 5.29 (s, 2H),
2.28 (s, 6H).

Spectra data are consistent with those reported in the literature. *2
4.4'-(Ethene-1,1-diyl)bis(methoxybenzene) (2d)

Following the general procedure B2, methyltriphenylphosphonium bromide

(2.86 g, 8.0 mmoal), di-p-tolylmethanone (872.8 mg, 4.0 mmol), potassium
O O tert-butoxide (897.7 mg, 8.0 mmol) gave product 2d (784.9 mg, 91%) as a

F colourless oil after purification (99:1 CyHex/EtOAc).

1H NMR (300 MHz, CDCls) § 7.36 — 7.23 (m, 2H), 7.10 — 6.96 (m, 2H), 5.40 (s, 1H).

Spectra data are consistent with those reported in the literature. 2
5.3Synthesis of 4,4'-(ethene-1,1-diyl)bis(bromobenzene) (2e) 13
MePPh3Br (1.2 equiv.)

(0]
NaHDMS (1.2 equiv.)
O THF dry (0.25M) O O
Br Br Br Br
2e

rt, 17 h

Under argon atmosphere, a 100 mL round bottom flask was charged with
methyltriphenylphosphonium bromide (3.5 mmol 1.2 equiv.) and dry THF. Then, sodium
hexamethyldisilazide (5.88 mL of 0.6 M THF solution, 3.5 mmol, 1.2 equiv.) was added into the
solution and stirred at room temperature for 1 hour. To the solution, 4,4'-dibromobenzophenone (1.00
g, 2.9 mmol) was added and stirred at room temperature for 16 hours. Et,O was added into the
reaction mixture and filtered. The filtrate was concentrated in vacuo and the residue was purified by
flash column chromatography on silica gel (95:5 CyHex/EtOAc) to afford 4,4'-(ethene-1,1-
diyl)bis(bromobenzene) 2e (713.3 mg, 72%) as a white solid.

1H NMR (300 MHz, CDCl3) 8 7.58 — 7.49 (m, 4H), 7.31 — 7.21 (m, 4H), 5.54 (s, 2H).
Spectra data are consistent with those reported in the literature. 14

54 Synthesis of 4,4'-(ethene-1,1-diyl)bis((trifluoromethyl)benzene) (2f)

a) 1. "BuLi m

/@2 MePPh3Br (1.2 equiv.)
Br FsC "BuLi (1.2 equiv.)

/@/ Et,O
FaC b) Log F3CCF3 dry THF (0.25 M) F.C O O CF,

0 °C, 30 min
rt, 16 h

1-Bromo-4-(trifluoromethyl)benzene (1.5g, 6.66 mmol) was dissolved in Et,O (14 mL, 0.5 M) under
argon atmosphere. The solution was cooled to -78 °C and n-butyllithium (2.7 mL, 2.5M in n-hexane
1.1 equiv.) was added dropwise and stirred for 1 h. A solution of 4-(trifluoromethyl)benzaldehyde (6.7
mmol, 1.1 equiv.) in EtO (1.4 mL) was added dropwise at -78 °C and stirred for 3 h. After this time,
the solution was able to warm to room temperature. The resulting mixture was quenched with 10 mL
of an agueous NaHCOj; solution. The agueous layer was separated and extracted (3 x 10 mL) with
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Et,O. The combined organic layers were washed with brine, dried over anhydrous MgSO., filtered,
and concentrated until dryness under vacuum. The product was used directly for next step without
further purification.

Bis(4-(trifluoromethyl)phenyl)methanol was dissolved in glacial acetic acid (8.5 mL) in a 25 mL round-
bottom flask equipped with a condenser. CrO3(7.33 mmol, 1.1 equiv.) was added at room temperature
and the solution was heated at 70 °C for 2 h. The reaction mixture was diluted with 10 mL of water
and extracted with n-hexane (3 x 10 mL). The combined organic layers were washed with aqueous
solution of NaOH 2M until the washings remained basic, dried over anhydrous MgSO, filtered, and
concentrated until dryness under vacuum. The reaction crude was purified by flash column
chromatography on silica gel (98:2 CyHex/EtOAc) to afford a colourless solid (1.32 g, 63%).

Methyltriphenylphosphonium bromide (1.9 mmol, 1.2 equiv.) was added to a flame-dried round-
bottom flask and dissolved in THF (6.3 mL, 0.25 M) under argon atmosphere. To this vigorously stirred
heterogeneous solution was added n-butyllithium (0.75 mL of 2.5M solution in n-hexane, 1.2 equiv.)
in dropwise at 0 °C. The reaction was allowed to stir at room temperature for 30 min until a bright
yellow heterogeneous mixture was achieved. Then, the corresponding 1,1-diarylketone (1.6 mmol)
was added slowly. Upon complete addition, the cooling bath was removed, and the reaction was
allowed to stir overnight. Then, the reaction mixture was washed with brine and extracted with EtOAc
(3 x 10 mL). The combined organic layers were dried over anhydrous MgSQO. and concentrated under
vacuum. The residue was purified by silica gel flash chromatography (99:1 CyHex/EtOAc) to afford
the alkene 2f (383.4 mg, 77%) as a white solid.

IH NMR (300 MHz, CDCl3) & 7.63 — 7.54 (m, 4H), 7.46 — 7.34 (m, 4H), 5.60 (s, 2H).
Spectra data are consistent with those reported in the literature. °

6 General procedure C for the formation of B-ketospirolactones and acetals

26-Lutiding) (4Qm 0%)
o LiCIO4® y 0O R

R® H,0, 100.0 HL N R3
X R1Mt
Rlcg/}com + RZ& Acetone, (0.16 M) W
Z " Coraph Ni foam X
1 (X= O, NH) 2 — 3 (X= 0, NH)
Constant curr&ent, 5mA,8h
Undivided cell
A 5 mL ElectraSyn vial with a stir bar was charged with a solution of the corresponding (-ketoester
(0.5 mmol, 1.0 equiv.), lithium perchlorate (0.3 mmol, 0.6 equiv.) and the corresponding olefin (1.0
mmol, 2 equiv.) in dry acetone (3.0 mL, 0.16 M). Then, 2,6-lutidine (0.2 mmol, 40 mol%) and H,O
(100.0 pL) were added. The ElectraSyn vial was equipped with a graphite electrode (8 mm wide, 50
mm length, 1 mm thickness, anode), a nickel foam electrode (8 mm wide, 50 mm length, 1 mm
thickness, cathode) and sealed. The reaction mixture was electrolyzed under galvanostatic conditions
(5 mA, 8 h, 2.94 F/mol). After the reaction completion, the ElectraSyn vial cap was removed and the
electrodes were rinsed with acetone, which was combined with the crude mixture. The crude mixture
was filtrated over Celite®, washed with acetone and the filtrate was concentrated under reduced
pressure. The product was purified by flash column chromatography to give the corresponding 8-
ketospirolactone.
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7 Gram scale batch procedure for the formation of B-ketospirolactone 3a

26Lutidingy (4 0%)
e} LiCIO46D (M)] O Ph
o Ph H0, 1.2 mL Ph
+ ph/& Acetone, (0.6 M)
OMe Cyraph | Ni foam
+ |
! 3a
la 2a Constant currlent, 5mA, 72 h
t
Undivided cell

A 10 mL ElectraSyn vial with a stir bar was charged with a solution of methyl 1-oxo-2,3-dihydro-1H-
indene-2-carboxylate la (6.0 mmol, 1.0 equiv.), lithium perchlorate (1.0 mmol, 0.16 equiv.) and
diphenylethylene 2a (12.0 mmol, 2 equiv.) in dry acetone (8.8 mL, 0.6 M). Then, 2,6-lutidine (2.4
mmol, 40 mol%) and H-O (1.2 mL) were added. The ElectraSyn vial was equipped with a graphite
electrode (8 mm wide, 50 mm length, 1 mm thickness, anode), a nickel foam electrode (8 mm wide,
50 mm length, 1 mm thickness, cathode) and sealed. The reaction mixture was electrolyzed under
galvanostatic conditions (5 mA, 72 h, 2.30 F/mol). After the reaction completion, the ElectraSyn vial
cap was removed and the electrodes were rinsed with acetone, which was combined with the crude
mixture. The crude mixture was filtrated over Celite®, washed with acetone and the filtrate was
concentrated under reduced pressure. The product was purified by flash column chromatography to
give 5,5-diphenyl-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione 3a (1.8309 g, 86%) as a
white solid.
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8. Synthesis of B-ketospirolactones under continuous-flow conditions
8.1Optimization

(@] 100 ML min™'
+ Ph ~
— 20 psi —
O eome i | =0

graph(+) Ni(-)
5 mA, 30 min tg

la 2a

2,6-Lutidoin1e,md)0 mol% 40 KL HO
LiClO4 dry Acetone (0.05 M)

Table S 1. Optimization of the electro-flow synthesis of B-spirolactones?

Entry Deviation from optimized conditions Yield (%)
1 No deviation 69
2 tr=80 min 70
3p tr=45 min 49
4¢ tr=6 min -
5 0.16 M instead of 0.05 M 35
6 7.0 mA instead of 5.0 mA 65

a Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol). 2,6-lutidine (40 mol %), LiClO4 (0.1 M) and H20 (40 pL) at constant current
(5.0 mA) in dry acetone (0.05 M) at room temperature for 30 min of residence time, using Cgraph as anode and Ni as cathode
in a recirculating system. P 40 °C. ¢ Single-pass flow setup.

8.2 General procedure D: Electro-flow synthesis of spirolactones

O . Ph 100 /u(l_Ql mint
— 20 psi —=
Ci&cogvm ph/& N

1 2 graph("') N' ©)
5 mA, 30 min tg

26-Lutifghi nep40 ma% 40 HHO
LiClO,4 dry Acetone (0.05 M)

The corresponding B-ketoester (0.2 mmol), lithium perchlorate (0.35 mmol, 0.1 M) and the
corresponding olefin (0.4 mmol, 2.0 equiv.) was dissolved in dry acetone (3.6 mL, 0.05 M). Then, 2,6-
lutidine (0.08 mmol, 40 mol%) and H.O (40.0 uL) were added, and the mixture was sonicated prior to
the electrolysis to ensure complete dissolution. The mixture was pumped through the electrochemical
reactor at 100.0 uL mint applying a constant current of 5 mA. The pressure of the system was
controlled using a 20 psi back pressure regulator (BPR). The resulting solution was recirculated until
the reaction finish. The crude mixture was filtrated over Celite®, washed with acetone and the filtrate
was concentrated under reduced pressure until dryness. The crude was purified by flash column
chromatography to give the corresponding product.

5,5-Diphenyl-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (3a)

Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-
carboxylate 1a (95.1 mg, 0.5 mmol) and diphenylethylene 2a (177.0 pL, 1.0
mmol) gave product 3a (136.0 mg, 98%) as a white solid after purification
(80:20 CyHex/EtOAc). The compound 3a (421.0 mg, 45%, 0.1750 mmol/h)
was also achieved from 1a (2.63 mmol) after the scale-up of the reaction
under electro-flow conditions (tr = 6.8 h).
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1H NMR (300 MHz, CDCl3) & 7.82 (d, J = 7.7 Hz, 1H), 7.67 — 7.51 (m, 3H), 7.51 — 7.28 (m, 10H), 3.66
(d, J = 13.0 Hz, 1H), 3.24 (d, J = 17.5 Hz, 1H), 3.11 (d, J = 13.1 Hz, 1H), 2.74 (d, J = 17.5 Hz, 1H).

Spectra data are consistent with those reported in the literature. °

Methyl 2-(2,2-bis(4-methoxyphenylvinyl)-1-0x0-2,3-dihydro-1H-indene-2-carboxylate--5,5-
bis(4-methoxyphenyl)-4,5-dihydro-2H-spiro[furan-3,2'-indenel-1',2(3'H)-dione (3b)

OMe

Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-
indene-2-carboxylate la (56.1 mg, 0.3 mmol) and 4,4'-(ethene-1,1-
diyl)bis(methoxybenzene) 2b (140.8 mg, 0.6 mmol) gave product 3b
(91.4 mg, 73%) as a white solid after purification (80:20
CyHex/EtOAC).

1H NMR (300 MHz, CDCls) & 7.82 (d, J = 7.3 Hz, 1H), 7.60 (td, J = 7.4, 1.3 Hz, 1H), 7.44 — 7.38 (m,
3H), 7.37 — 7.31 (m, 3H), 3.85 (s, 3H), 3.79 (s, 3H), 3.60 (d, J = 13.0 Hz, 1H), 3.23 (d, J = 17.5 Hz,
1H), 3.01 (d, J = 13.1 Hz, 1H), 2.75 (d, J = 17.5 Hz, 1H).

13C NMR (75 MHz, CDCls) & 201.7, 175.7, 159.4, 159.3, 152.7, 135.9, 135.6, 135.4, 135.3, 128.3,
127.5 (2C), 126.9 (2C), 126.4, 125.1, 114.2 (2C), 113.9 (2C), 88.4, 58.0, 55.5, 55.4, 47.4, 39.8.

HRMS (ESI*) Calculated for C6H230s [M + H]*: 415.1467, found: 415.1540
5,5-Di-p-tolyl-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (3c)

Me Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-
indene-2-carboxylate 1a (95.1 mg, 0.5 mmol), 4,4'-(ethene-1,1-
diyl)bis(methylbenzene) 2c (208.1 mg, 1.0 mmol) and gave product 3c
(145 mg, 76%) as a white solid after purification (90:10 CyHex/EtOACc).

Me

1H NMR (300 MHz, CDCls): 5 7.82 (d, J = 7.7 Hz, 1H), 7.60 (td, J = 7.5, 1.3 Hz, 1H), 7.45 — 7.38 (m,
3H), 7.37 — 7.30 (m, 3H), 7.27 — 7.12 (m, 4H), 3.62 (d, J = 13.0 Hz, 1H), 3.24 (d, J = 17.5 Hz, 1H),
3.06 (d, J = 13.0 Hz, 1H), 2.75 (d, J = 17.5 Hz, 1H), 2.38 (s, 3H), 2.33 (s, 3H).

13C NMR (75 MHz, CDCls): & 201.6, 175.6, 152.7, 140.8, 140.5, 138.0, 137.9, 135.7, 135.4, 129.6
(2C), 129.3 (2C), 128.3, 126.4, 125.9 (2C), 125.5 (2C), 125.2, 88.5, 57.9, 5.19, 39.8, 21.2.

HRMS (ESI"): Calculated for C2sH2103 [M + H]*: 369.1412, found: 369.1485

S14



5,5-Bis(4-fluorophenyl)-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (3d)

Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-
indene-2-carboxylate la (95.1 mg, 0.5 mmol) and 4,4'-(ethene-1,1-
diyl)bis(fluorobenzene) 2d (216.1 mg, 1.0 mmol) gave product 3d (184.3
mg, 95%) as a white solid after purification (90:10 CyHex/EtOACc).

1H NMR (300 MHz, CDCls) & 7.82 (d, J = 7.8 Hz, 1H), 7.62 (td, J = 7.5, 1.3 Hz, 1H), 7.54 — 7.44 (m,
2H), 7.44 — 7.32 (m, 4H), 7.20 — 6.99 (m, 4H), 3.62 (d, J = 13.2 Hz, 1H), 3.26 (d, J = 17.4 Hz, 1H),
3.05 (d, J = 13.2 Hz, 1H), 2.76 (d, J = 17.4 Hz, 1H).

13C NMR (126 MHz, CDCl3) & 201.2, 175.1, 162.51 (d, Jor = 248.1 Hz), 162.49 (d, Jo.r = 248.6 Hz),
152.4, 139.2 (d, J = 3.3 Hz), 138.9 (d, J = 3.3 Hz), 136.1, 135.0, 128.5, 127.8 (d, Jor = 3.3 Hz, 2C),
127.4 (d, Jor = 8.2 Hz, 2C), 126.4, 125.2, 116.1 (d, Jor = 21.6 Hz, 2C), 115.7 (d, Jc.r = 21.7 Hz, 2C),
87.5,57.7, 47.2, 39.7.

19F NMR (282 MHz, CDCls) & -113.42

HRMS (ESI*): Calculated for C2sH17F203 [M + H]*: 391.1068, found: 391.1140

5,5-Bis(4-bromophenyl)-4,5-dihydro-2H-spiro[furan-3,2'-indenel-1',2(3'H)-dione (3e)

Following the general procedure C, Methyl 1-oxo-2,3-dihydro-1H-
indene-2-carboxylate 1la (95.1 mg, 0.5 mmol), and 4,4'-(ethene-1,1-
diyl)bis(bromobenzene) 2e (338.0 mg, 1 mmol) gave product 3e (252.1
mg, 98%) as a white solid after purification (90:10 CyHex/EtOAc).

1H NMR (300 MHz, CDCls) & 7.82 (d, J = 7.6 Hz, 1H), 7.63 (td, J = 7.5, 1.2 Hz, 1H), 7.61 — 7.26 (m,
10H), 3.59 (d, J = 13.2 Hz, 1H), 3.27 (d, J = 17.4 Hz, 1H), 3.04 (d, J = 13.2 Hz, 1H), 2.77 (d, J = 17.4
Hz, 1H).

13C NMR (75 MHz, CDCls) § 200.9, 174.9, 152.4, 142.3, 141.7, 136.2, 134.9, 132.4 (2C), 132.0 (2C),
128.6, 127.5 (2C), 127.1 (2C), 126.5, 125.3, 122.7, 87.4, 57.5, 46.8, 39.8.

HRMS (ESI") Calculated for C24H17Br203 [M + H]*: 510.9466, found: 510.9519
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5,5-Bis(4-(trifluoromethyl)phenyl)-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione__(3f)

Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-
indene-2-carboxylate 1a (95.1 mg, 0.5 mmol), and 4,4'-(ethene-1,1-
diyl)bis((trifluoromethyl)benzene) 2f (316.0 mg, 1.0 mmol) gave
product 3f (233.3 mg, 94%) as a white solid after purification (80:20
CyHex/EtOAC).

1H NMR (300 MHz, CDCls) & 7.82 (d, J = 7.7 Hz, 1H), 7.76 — 7.55 (m, 9H), 7.52 — 7.34 (m, 2H), 3.68
(d, J = 13.2 Hz, 1H), 3.31 (d, J = 17.3 Hz, 1H), 3.16 (d, J = 13.2 Hz, 1H), 2.80 (d, J = 17.3 Hz, 1H).

13C NMR (125 MHz, CDCls) 5 200.6, 174.5, 152.2, 147.0, 146.3, 136.3, 134.8, 131.0 (¢, J = 32.8 H2)
130.8 (g, J = 32.8 Hz), 128.6, 126.5, 126.3 (q, J = 3.7 Hz, 4C) 126.0 (m, 4C), 125.8, 125.3, 123.9 (q,
J=272.2 Hz), 123.8 (q, J = 272.4 Hz), 87.0, 57.3, 46.6, 39.7.

19F NMR (282 MHz, CDCls) & -62.68, -62.73.

HRMS (ESI*) Calculated for CosH17F6Os [M + H]*: 491.1004, found: 491.1076

trans-5-(4,4-Methylphenyl)-4,5-dihydro-2H-spiro[furan-3,2’-indene]-1',2(3’H)-dione (trans-3g)

Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-
carboxylate 1a (95.1 mg, 0.5 mmol), a-methylstyrene (130 uL, 1 mmol) gave
product trans-3g (66.5 mg, 46%) as a white solid after purification (80:20
CyHex/EtOAc).

]
Of
trans-3g

1H NMR (300 MHz, CDCls) & 7.79 (d, J = 7.7 Hz, 1H), 7.59 (td, J = 7.5, 1.3 Hz, 1H), 7.46 — 7.30 (m,
7H), 3.33 (d, J = 17.4 Hz, 1H), 3.14 (d, J = 13.1 Hz, 1H), 2.75 — 2.59 (m, 2H), 1.91 (s, 3H).

Spectra data are consistent with those reported in the literature. 1°

Cis-5-(4,4-Methylphenyl)-4,5-dihydro-2H-spiro[furan-3,2"-indene]-1°,2(3’H)-dione (cis-39)

o Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-
carboxylate 1a (95.1 mg, 0.5 mmol), a-methylstyrene (130 pL, 1 mmol) gave

w\l product cis-3g (60.2 mg, 41%) as a white solid after purification (80:20
CyHex/EtOAcC).

cis-3g

'H NMR (300 MHz, CDCls) 8 7.78 (d, J = 7.7 Hz, 1H), 7.65 (td, J = 7.4, 1.2 Hz, 1H), 7.56 — 7.27 (m,
7H), 3.87 (d, J = 17.0 Hz, 1H), 3.34 (d, J = 17.0 Hz, 1H), 3.21 (d, J = 13.3 Hz, 1H), 2.55 (d, J = 13.2
Hz, 1H), 1.83 (s, 3H).
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Spectra data are consistent with those reported in the literature.
5,5-Dicyclohexyl-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (3h)

Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-
carboxylate la (95.1 mg, 0.5 mmol), ethene-1,1-diyldicyclohexane 2g

0 (130.0 pL, 1.0 mmol) gave product 3h (10.9 mg, 6%) as a white solid after
purification (98:2 CyHex/EtOAc).

1H NMR (500 MHz, CDCls) & 7.77 (d, J = 7.8 Hz, 1H), 7.64 (td, J = 7.5, 1.4 Hz, 1H), 7.47 (d, J = 7.3
Hz, 1H), 7.42 (t, J = 7.5 Hz, 1H), 3.77 (d, J = 16.9 Hz, 1H), 3.20 (d, J = 16.8 Hz, 1H), 2.94 (d, J = 14.2
Hz, 1H), 2.05 (d, J = 14.2 Hz, 1H) 2.07 — 2.00 (m, 1H), 1.88 — 1.69 (m, 10H), 1.30 — 1.06 (m, 11H).

13C NMR (126 MHz, CDCls) 8 202.2, 176.3, 152.5, 135.8, 135.3, 128.3, 126.2, 125.2, 91.4, 58.2, 43.8,
43.6, 42.9, 36.5, 27.0, 27.0, 26.9, 26.8 (2C), 26.7, 26.6, 26.5 (2C), 26.4.

HRMS (ESI") Calculated for C24H3:03 [M + H]*: 367.2195, found: 367.2268

cis-5-Phenyl-4,5-dihydro-2H-spiro[furan-3,2'-indenel-1',2(3'H)-dione (cis-3i)

0 © Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-

carboxylate la (95.1 mg, 0.5 mmol), styrene (114.6 pL, 1.0 mmol) gave
product cis-3i (76.6 mg, 55%) as a white solid after purification (90:10
I CyHex/EtOAC).
0]
Ccis-3i

1H NMR (300 MHz, CDCls) & 7.85 (d, J = 7.7 Hz, 1H), 7.68 (t, J = 7.4 Hz, 1H), 7.57 — 7.30 (m, 7H),
5.60 (dd, J = 10.0, 6.5 Hz, 1H), 3.78 (d, J = 17.1 Hz, 1H), 3.34 (d, J = 17.0 Hz, 1H), 2.99 (dd, J = 13.3,
10.0 Hz, 1H), 2.63 (dd, J = 13.3, 6.6 Hz, 1H).

Spectra data are consistent with those reported in the literature. ¥’

trans-5-Phenyl-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (trans-3i)

Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-
carboxylate 1a (95.1 mg, 0.5 mmol), styrene (114.6 pL, 1.0 mmol) gave
product trans-3i (45.1 mg, 33%) as a white solid after purification (90:10
CyHex/EtOAC).

e
(0]
trans-3i

1H NMR (300 MHz, CDCls) & 7.81 (d, J = 7.7 Hz, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.54 — 7.49 (m, 1H),
7.48 — 7.34 (m, 6H), 6.08 (dd, J = 9.9, 6.6 Hz, 1H), 3.84 (d, J = 17.2 Hz, 1H), 3.14 — 2.99 (m, 2H),
2.39 (dd, J = 12.9, 9.9 Hz, 1H).
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Spectra data are consistent with those reported in the literature. ¥’

cis-5-(Pyridin-2-yI)-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (cis-3j)

o / Following the general procedure C, ethyl 1-oxo-2,3-dihydro-1H-indene-2-
A \ carboxylate 1a (95.1 mg, 0.5 mmol), 2-vinylpyridine (108.0 pL, 1.0 mmol) gave
w\& N product cis-3j (44.7 mg, 32%) as a pale-yellow solid after purification (80:20
Toluene/EtOAC).
v

Cis-3j
IH NMR (300 MHz, CDCIs) 6 8.58 (ddd, J=4.8, 1.8, 0.9 Hz, 1H), 7.86 — 7.76 (m, 2H), 7.70 — 7.60 (m,
2H), 7.53 (dt, J = 7.7, 0.9 Hz, 1H), 7.47 — 7.40 (m, 1H), 7.33 - 7.26 (m, 1H), 5.72 (t, J = 7.8 Hz, 1H),
3.79(d, J=17.0Hz, 1H), 3.32(d, J = 17.2 Hz, 1H), 3.03 (dd, J = 13.5, 8.1 Hz, 1H), 2.84 (dd, J = 13.5,
7.5 Hz, 1H).

13C NMR (75 MHz, CDCls) 8 201.2, 175.8, 158.6, 152.4, 149.3, 137.3, 136.1, 135.0, 128.5, 126.6,
125.2,123.4,120.3, 79.3, 57.3, 40.4, 39.3.

HRMS (ESI") Calculated for C17H14NOz [M + H]*: 280.0895, found: 280.0968

trans-5-(Pyridin-2-y)-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (trans-3j)

Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-
carboxylate 1a (95.1 mg, 0.5 mmol), 2-vinylpyridine (108.0 pL, 1.0 mmol) gave
product trans-3j (41.9 mg, 30%) as a pale-yellow solid after purification (80:20
Toluene/EtOAC).

i
Of
trans-3j

1H NMR (300 MHz, CDCls) & 8.68 — 8.61 (m, 1H), 7.85 — 7.73 (m, 2H), 7.70 — 7.63 (m, 1H), 7.55 —
7.40 (m, 3H), 7.30 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H), 6.06 (dd, J = 8.6, 6.9 Hz, 1H), 3.80 (d, J = 17.6 Hz,
1H), 3.21 — 3.07 (m, 2H), 2.73 (dd, J = 13.1, 8.6 Hz, 1H).

13C NMR (125 MHz, CDCls) 6 201.9, 175.0, 157.7, 153.3, 149.9, 137.2, 136.1, 134.3, 128.4, 126.6,
125.3,123.7,121.5, 79.2, 58.3, 39.3, 38.1.

HRMS (ESI*) Calculated for C17H14NO3 [M + H]*: 280.0895, found: 280.0968

(3S,4R,55)*-5-(3-Phenyl-4-phenyl)-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1'.2(3'H)-dione
((3S5,4R,59)*-3K)

00 Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-

\X\\O carboxylate 1a (95.1 mg, 0.5 mmol), (E)-stilbene (158.0 pL, 1.0 mmol) gave

\ product (3S,4R,5S)*-3k (28.3 mg, 16%) as a white solid after purification (90:10
> pn CyHex/EtOAc).

Ph

(3S,4R,55)*.3k

1H NMR (300 MHz, CDCls) & 7.83 (d, J = 7.7 Hz, 1H), 7.56 (td, J = 7.5, 1.3 Hz, 1H), 7.48 — 7.43 (m,
2H), 7.40 — 7.30 (m, 5H), 7.23 (m, 3H), 7.17 — 7.11 (m, 2H), 5.88 (d, J = 10.2 Hz, 1H), 4.59 (d, J =
10.3 Hz, 1H), 3.42 (d, J = 17.0 Hz, 1H), 3.09 (d, J = 17.0 Hz, 1H).
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Spectra data are consistent with those reported in the literature.

(3R,4R,5S5)*-5-(3-Phenyl-4-phenyl)-4,5-dihydro-2H-spiro[furan-3.2'-indene]-1',2(3'H)-dione
((BR,AR,55)*-3k)

00 Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-
0 carboxylate 1a (95.1 mg, 0.5 mmol), (E)-stilbene (158.0 puL, 1.0 mmol) gave
product (3R,4R,5S)*-3k (65.6 mg, 37%) as a white solid after purification (90:10

T pnp CyHex/EtOAc).
Ph
(3R,4R,55)*.3k

1H NMR (300 MHz, CDCls) & 7.58 (d, J = 7.6 Hz, 1H), 7.52 (td, J = 7.4, 1.3 Hz, 1H), 7.42 — 7.38 (m,
1H), 7.33 — 7.28 (m, 8H), 7.19 — 7.13 (m, 3H), 6.56 (d, J = 11.0 Hz, 1H), 3.92 (d, J = 17.2 Hz, 1H),
3.75 (d, J = 10.9 Hz, 1H), 3.25 (d, J = 17.4 Hz, 1H).

Spectra data are consistent with those reported in the literature. 1°

(2R,3R,99)*-3a',4',5'.9b'-Tetrahydro-2'H-spiro[indene-2,1'-naphtho[2,1-b]furan]-1,2'(3H)-dione

((2R,3R,95)*-3))
00

Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-
carboxylate 1a (95.1 mg, 0.5 mmol), 1,2-dihydronaphthalene (131 pL, 1.0
mmol) gave product (2R,3R,9S)*-3| (37.3 mg, 25%) as a white solid after
purification (92:8 CyHex/EtOAc).

(2R,3R,95)~.3|

1H NMR (500 MHz, CDCls) & 7.82 (d, J = 7.8 Hz, 1H), 7.66 (td, J = 7.4, 1.2 Hz, 1H), 7.53 — 7.47 (m,
2H), 7.44 (t, J = 7.5 Hz, 1H), 7.33 = 7.27 (m, 2H), 7.17 (d, J = 6.7 Hz, 1H), 5.55 (d, J = 5.3 Hz, 1H),
3.71(d, J = 16.6 Hz, 1H), 3.46 (d, J = 16.8 Hz, 1H), 2.86 (dt, J = 16.5, 3.7 Hz, 1H), 2.70 (dt, J = 13.0,
5.0 Hz, 1H), 2.60 (ddd, J = 16.8, 12.9, 4.4 Hz, 1H), 2.07 — 1.96 (m, 1H), 1.93 — 1.85 (m, 1H).

3C NMR (126 MHz, CDCls) 6 199.6, 175.4, 151.2, 137.8, 136.5, 135.7, 130.9, 130.3, 129.3, 128.8,
128.5,126.8, 126.5, 124.7, 77.1, 61.5, 48.1, 39.3, 28.2, 22.0.

HRMS (ESI*) Calculated for Cy0H1703 [M + H]*: 305.1099, found: 305.1172

(2S,3R,95)*-3a'.4',5' 9b'-Tetrahydro-2'H-spiro[indene-2,1'-naphtho[2,1-blfuran]-1,2'(3H)-dione
((2S,3R,99)*-3I)

Following the general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-
carboxylate 1a (95.1 mg, 0.5 mmol), 1,2-dihydronaphthalene (131.0 pL, 1.0
mmol) gave product (2S,3R,9S)*-3I (40.8 mg, 27%) as a white solid after
purification (92:8 CyHex/EtOAc).

(28,3R,98)*-3|

1H NMR (500 MHz, CDCls) & 7.79 (d, J = 7.7 Hz, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.59 — 7.52 (m, 2H),
7.44 (t, = 7.5 Hz, 1H), 7.34 — 7.27 (m, 2H), 7.17 (dd, J = 5.4, 3.6 Hz, 1H), 6.25 (d, J = 5.5 Hz, 1H),
3.57 (d, J = 17.2 Hz, 1H), 3.34 (d, J = 17.2 Hz, 1H), 2.96 (dt, J = 13.4, 5.0 Hz, 1H), 2.90 (dt, J = 16.5,
3.8 Hz, 1H), 2.76 (ddd, J = 16.8, 13.0, 4.3 Hz, 1H), 2.05 (dq, J = 12.4, 4.3 Hz, 1H), 1.64 — 1.56 (m,
1H).
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13C NMR (126 MHz, CDClz) 6 201.5, 174.2, 153.3, 137.2, 136.1, 134.2, 131.4, 130.8, 129.1, 128.6,
128.3,127.0, 126.6, 125.2, 77.2, 64.7, 43.0, 32.1, 28.3, 22.7.

HRMS (ESI*) Calculated for C2oH1703 [M + H]*: 305.1099, found: 305.1172

5'-Methyl-5,5-diphenyl-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (3m)

O ph  Following the general procedure C, methyl 5-methyl-1-ox0-2,3-dihydro-1H-
pPh indene-2-carboxylate 1c¢ (102.11 mg, 0.5 mmol), diphenylethylene (177.0 pL,
0 1.0 mmol) gave product 3m (162.1 mg, 88%) as a white solid after purification

4 (80:20 CyHex/EtOAC).

3m
1H NMR (300 MHz, CDCl3) 6 7.70 (d, J = 7.9 Hz, 1H), 7.57 - 7.28 (m, 10H), 7.21 (d, J = 8.7 Hz, 1H),
7.12 (s, 1H), 3.64 (d, J=13.0 Hz, 1H), 3.17(d, J = 17.7 Hz, 1H), 3.10 (d, J = 13.0 Hz, 1H), 2.68 (d, J
=17.5Hz, 1H), 2.40 (s, 3H).

3C NMR (75 MHz, CDClz) 6 200.8, 175.6, 153.1, 147.4, 143.6, 143.1, 132.9, 129.6, 128.9 (2C), 128.7
(2C), 128.2, 128.2, 126.7, 125.8 (2C), 125.4 (2C), 124.9, 88.3, 57.8, 47.1, 39.5, 22.2.

HRMS (ESI*) Calculated for CsH2105 [M + H]*: 369.1412, found: 369.1485

5',6'-Dimethoxy-5,5-diphenyl-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (3n)

o oh Following the general procedure C, methyl 5,6-dimethoxy-1-oxo-2,3-

MeO dihydro-1H-indene-2-carboxylate ~ 1d (125.04 mg, 0.5 mmol),
Ph diphenylethylene (177.0 pL, 1.0 mmol) gave product 3n (109.7 mg, 53%)
MeO O as a white solid after purification (80:20 CyHex/EtOACc).

O

3n

1H NMR (300 MHz, CDCls): & 7.57 — 7.51 (m, 2H), 7.50 — 7.28 (m, 8H), 7.21 (s, 1H), 6.73 (s, 1H),
3.90 (s, 6H), 3.65 (d, J = 13.0 Hz, 1H), 3.11 (d, J = 17.1 Hz, 1H), 3.09 (d, J = 13.0 Hz, 1H), 2.62 (d, J
= 17.2 Hz, 1H).

13C NMR (75 MHz, CDCls): 6 199.6, 175.8, 156.6, 150.2, 148.21, 143.7, 143.6, 128.9 (2C), 128.7
(2C), 128.2,128.1, 128.1, 125.9 (2C), 125.5 (2C), 107.2, 105.2, 88.3, 58.0, 56.5, 56.3, 47.0, 39.5.

HRMS (ESI*): Calculated for C2H230s [M + H]*: 415.1467, found: 415.1540.

5'-Chloro-5,5-diphenyl-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (30)

O Ph Following the general procedure C, methyl 5-chloro-1-oxo-2,3-dihydro-1H-
ph indene-2-carboxylate 1b (90.1 mg, 0.5 mmol), diphenylethylene (177.0 L,
1.0 mmol) gave product 30 (113.9 mg, 59%) as a white solid after purification
Cl d (75:25 CyHex/EtOAC).
30
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1H NMR (300 MHz, CDCl3) 8 7.72 (d, J = 8.2 Hz, 1H), 7.56 — 7.51 (m, 2H), 7.49 — 7.30 (m, 10H), 3.64
(d, J = 13.1 Hz, 1H), 3.23 — 3.09 (m, 2H), 2.71 (d, J = 17.7 Hz, 1H).

13C NMR (75 MHz, CDCL3) & 199.9, 175.0, 153.9, 143.3, 142.9, 142.6, 133.6, 129.1, 129.0 (2C),
128.7 (2C), 128.3, 128.3, 126.6, 126.1, 125.7 (2C), 125.4 (2C), 88.4, 57.9, 46.9, 39.1.

HRMS (ESI*) Calculated for C2sH1sClOs [M + H]*: 389.0866, found: 389.0939.

7'-Bromo-5,5-diphenyl-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3'H)-dione (3p)

Br 0o Ph Following the general procedure C, methyl 7-bromo-1-oxo-2,3-dihydro-1H-
pn indene-2-carboxylate 1e (134.54 mg, 0.5 mmol), diphenylethylene (177.0 L, 1.0
mmol) gave product 3p (167.9 mg, 77%) as a white solid after purification (85:15
CyHex/EtOAC).
3p

1H NMR (300 MHz, CDCls) & 7.57 — 7.23 (m, 13H), 3.67 (d, J = 13.1 Hz, 1H), 3.16 (d, J = 17.6 Hz,
1H), 3.09 (d, J = 13.1 Hz, 1H), 2.69 (d, J = 17.6 Hz, 1H).

3C NMR (75 MHz, CDClz) 6 198.7, 174.9, 155.2, 143.3, 142.9, 136.1, 133.4, 132.8, 129.0 (2C), 128.7
(2C), 128.3, 128.3, 125.9 (2C), 125.6 (2C), 125.3, 121.0, 88.5, 58.4, 47.2, 38.7.

HRMS (ESI*) Calculated for C24H1sBrOs [M + H]*: 433.0361, found: 433.0434.

5,5-Diphenyl-3',4,4' 5-tetrahydro-1'H,2H-spiro[furan-3,2'-naphthalene]-1',2-dione (3q)

Ph o, Following the modified general procedure C, methyl 1-oxo-1,2,3,4-

O tetrahydronaphthalene-2-carboxylate 1f (102.0 mg, 0.5 mmol), diphenylethylene
O  (177.0 pL, 1.0 mmol), cesium carbonate (65.1 mg, 0.2 mmol) gave product 3q
(151.5 mg, 82%) as a white solid after purification (92:8 CyHex/EtOAC).
30

1H NMR (300 MHz, CDCls): 5 8.01 (dd, J = 7.8, 1.5 Hz, 1H), 7.58 — 7.45 (m, 3H), 7.47 — 7.34 (m, 4H),
7.39 — 7.25 (m, 5H), 7.22 (d, J = 7.4 Hz, 1H), 3.80 (d, J = 13.4 Hz, 1H), 3.23 (ddd, J = 17.2, 9.1, 4.7
Hz, 1H), 3.02 (d, J = 13.4 Hz, 1H), 2.82 (m, 1H), 2.23 (ddd, J = 13.8, 6.6, 4.8 Hz, 1H), 1.99 (ddd, J =
13.8,9.1, 4.7 Hz, 1H).

13C NMR (75 MHz, CDCls): 0 193.6, 173.9, 144.3, 144.0, 143.7, 134.3, 131.0, 128.9 (2C), 128.9,
128.7,128.6 (2C), 128.1, 128.0, 127.2, 125.7 (2C), 125.4 (2C), 87.6, 56.3, 44.7, 31.7, 25.3.

HRMS (ESI*): Calculated for C2sH2103 [M + H]*: 369.1412, found: 369.1485.

2-(Butylimino)-5,5-diphenyl-4,5-dihydro-2H-spiro[furan-3,2'-inden]-1'(3'H)-one (3r)

S21



O Ph Following the general procedure C, N-butyl-1-oxo-2,3-dihydro-1H-indene-2-
pPh carboxamide 1h (115.65 mg, 0.5 mmol), diphenylethylene (177.0 uL, 1.0 mmol)
o) gave product 3r (147.4 mg, 72%) as a white solid after purification (90:10

BUN CyHex/EtOAC).

3r
IH NMR (300 MHz, CDCl3) 6 7.78 (d, J=7.6 Hz, 1H), 7.55—-7.22 (m, 13H), 3.57 — 3.42 (m, 2H), 3.38
(d, J =12.7 Hz, 1H), 3.11 (d, J = 17.5 Hz, 1H), 2.96 (d, J = 12.6 Hz, 1H), 2.65 (d, J = 17.4 Hz, 1H),
1.59-1.47 (m, 2H), 1.41 — 1.25 (m, 2H), 0.90 (t, J = 7.3 Hz, 3H).

13C NMR (75 MHz, CDCls) 5 204.3, 163.0, 153.2, 144.2, 144.2, 135.7, 135.3, 128.7 (2C), 128.5 (2C),
127.8, 127.8, 126.4, 125.9 (2C), 125.6 (2C), 124.9, 88.8, 57.3, 49.3, 47.9, 41.9, 32.9, 20.7, 14.2.

HRMS (ESI*) Calculated for C2sH2sNO2[M + H]*: 410.2042, found: 410.2115.

Methyl 6a-hydroxy-2,2-diphenylhexahydro-3aH-cyclopentalb]furan-3a-carboxylate (3s)

Ph Following the general procedure C, methyl 2-oxocyclopentanecarboxylate (71.1 mg,

Ho © Ph 05 mmol), diphenylethylene (177.0 uL, 1.0 mmol) gave product 3s (110.0 mg, 65%)
as a white solid after purification (slowly increasing from 5 to 40% EtOAc in CyHex in
O silica latrobeads®).
Me
3s

1H NMR (300 MHz, CDCls) 6 7.59 — 7.53 (m, 2H), 7.51 — 7.43 (m, 2H), 7.33 — 7.26 (m, 4H), 7.23 —
7.13 (m, 2H), 3.65 (d, J = 13.7 Hz, 1H), 3.62 (s, 3H), 2.73 (d, J = 13.7 Hz, 1H), 2.41 — 2.25 (m, 2H),
1.81 —-1.53 (m, 4H); Representative tautomer signals: & 3.61 (s, 3H), 3.42 (d, J =13.1 Hz, 1H), 2.88
(d, J =13.1 Hz, 1H).

Hemiketal *C NMR (125 MHz, CDCls) & 175.0, 147.3, 147.1, 128.3 (2C), 128.3 (2C), 127.0, 126.8,
126.0 (2C), 125.1 (2C), 117.4, 88.9, 61.5, 52.4, 48.2, 38.9, 36.3, 21.7.

B-Ketoester *C NMR (125 MHz, CDCls) 6 213.6, 174.9, 143.5, 143.4, 128.9, 128.6, 128.1, 128.1,
125.7,125.4, 88.3, 57.9,45.7, 37.4, 36.1, 35.5, 19.4.

HRMS (ESI*) Calculated for Calculated for C21H2203 [M - OH]*: 321.1490, found: 321.1485.

Methyl 7a-hydroxy-2,2-diphenylhexahydrobenzofuran-3a(4H)-carboxylate (3t)

Phph Following the general procedure C, methyl 2-oxocyclohexanecarboxylate (78.1 mg,
o) 0.5 mmol), diphenylethylene (177.0 pL, 1.0 mmol) gave product 3t (89.9 mg, 51%) as
a white solid after purification (slowly increasing from 5 to 30% EtOAc in CyHex in

silica latrobeads®).

HO
O

OMe
3t

1H NMR (300 MHz, CDCls) & 7.60 — 7.50 (m, 4H), 7.33 — 7.21 (m, 4H), 7.18 — 7.07 (m, 2H), 3.66 (s,
3H), 3.50 (d, J = 12.7 Hz, 1H), 3.09 (s, 1H), 2.95 (d, J = 12.7 Hz, 1H), 2.25 — 2.15 (m, 1H), 2.08 —
1.94 (m, 1H), 1.71 — 1.32 (m, 6H).

13C NMR (75 MHz, CDCls) & 174.6, 150.0, 148.6, 128.4 (2C), 128.3 (2C), 126.5, 126.4, 125.0 (2C),
124.9 (2C), 104.8, 85.4, 56.1, 52.1, 46.9, 34.2, 32.4, 22.9, 21.9.
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HRMS (ESI*) Calculated for C2oH230s [M - OHJ*: 335.1675, found: 335.1642.
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9. Derivatizations
9.1Synthesis of 5,5-diphenyl-1',3',4,5-tetrahydro-2H-spiro[furan-3,2'-indene] (4)

O Ph 1. DIBAL-H (2.9 equiv.), dry DCE, -78 °C, 3 h Ph
Ph 5 . . E.OF (2.4 equiv.) Ph
© - il B 2489\ BRrOEt 2 o

4

3a

In a 10 mL round bottom flask, 3a (0.4 mmol) was placed and three vacuum/N; cycles were applied.
Then, 3.0 mL of dry DCE were added and the solution was cooled at -78 °C. Diisobutylaluminium
hydride (DIBAL-H 1 M in hexane, 1.2 mmol, 2.9 equiv.) was added slowly, and the reaction mixture
was stirred at -78 °C for 3 h, until complete consumption of the starting material by TLC. The reaction
was quenched adding 5 mL of a saturated solution of sodium potassium tartrate at -78 °C. The
resulting mixture was allowed to warm to room temperature for 2 h. Then, the organic layer was
separated, and the aqueous layer was extracted with DCM (3 x 10 mL). The combined organic layers
were washed with brine, dried over anhydrous MgSOy, filtered and the solvent was removed under
vacuum. The resulting crude product was used directly for the next step without further purification.
The crude lactol was dissolved in 5 mL of dry DCE under N2 and cooled to -78 °C. Triethylsilane (0.98
mmol, 2.4 equiv.) and boron trifluoride diethyl etherate (BFsOEt ; 0.98 mmol, 2.4 equiv.) were added
simultaneously and the reaction mixture was stirred at -78 °C for 30 min. The mixture was warmed to
room temperature and stirred at this temperature for 1.5 h. Then, the reaction was quenched with a
saturated solution of NaHCOs; to pH 7. The organic layer was separated, and the aqueous layer was
extracted with DCM (3 x 10 mL). The combined organic layers were washed with brine, dried over
anhydrous MgSOQO., filtered and the solvent was removed under vacuum. The crude product was
purified by silica gel flash chromatography (98:2 CyHex/EtOAc) to afford 4 (106.5 mg, 58%) as a white
solid.

1H NMR (300 MHz, CDCls) & 7.44 — 7.39 (m, 4H), 7.23 — 7.16 (m, 4H), 7.13 — 7.05 (m, 2H), 7.00 (s,
4H), 3.85 (s, 2H), 2.78 (s, 2H), 2.77 (s, 4H).

13C NMR (75 MHz, CDCls) & 147.6 (2C), 142.5 (2C), 128.3 (4 C), 126.7 (2C), 126.5 (2C), 125.7 (4C),
124.6 (2C), 88.3, 79.4, 52.4, 52.1, 44.6 (2C).

HRMS (APCI*) Calculated for C24H230 [M + H]*: 327.1671, found: 327.1743

9.2Synthesis of ethyl 2,2-diphenylhexahydro-3aH-cyclopenta[b]furan-3a-
carboxylate (5)

Ph Ph

HO O/ ph EtsSiH (34 £84M.) O/ ph
BF5.OEt,
_ 0 dry DCM, -78°C tort, 2 h 0
Me MeO
3s 5

In a sealed vial under argon atmosphere, lactol 3s (106.2 mg, 0.31 mmol) was dissolved in DCM dry
and cooled to -78 °C. Triethylsilane (120.3 pL, 0.75 mmol) and BFs.OEt,(92.9 pL, 0.75 mmol) were
added simultaneously to the solution and stirred for 30 minutes. The mixture was warmed slowly to
room temperature and the stirred until the completion of the reaction. Then, the reaction was
guenched with a saturated solution of NaHCOs until it reached pH=7. The solution was extracted three
times with DCM. The combined organic phases were washed with brine, dried over anhydrous
MgSO,, and filtered. The volatiles were removed until dryness and the crude mixture was purified by
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silica gel flash chromatography (98:2 CyHex/EtOAc) to afford the hexahydro cyclopentafuran
carboxylate derivative 5 (48.6 mg, 52%) as a white solid.

1H NMR (500 MHz, CDCls) & 7.54 — 7.46 (m, 2H), 7.41 — 7.35 (m, 2H), 7.32 — 7.23 (m, 4H), 7.23 —
7.15 (m, 2H), 4.74 (d, J = 5.3 Hz, 1H), 3.78 (d, J = 13.1 Hz, 1H), 3.43 (s, 3H), 2.15 (d, J = 13.3 Hz,
1H), 2.18 — 2.09 (m, 1H), 2.00 — 1.87 (m, 2H), 1.85 — 1.67 (m, 3H).

13C NMR (126 MHz, CDCls) § 176.3, 146.1, 143.3, 128.2 (2C), 128.2 (2C), 127.1, 126.9, 126.7 (2C),
125.5 (2C), 88.4, 86.1, 60.9, 51.9, 48.9, 39.9, 34.2, 24.8.

HRMS (ESI*) Calculated for C21H2303 [M + H]*: 339.1518, found: 339.1591
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10.Mechanism experiments

10.1 Isotopic labelling experiments
2,6-Luiicin o) 18
5 LD QoMM ok o ph L DIBAL-H (10 equiv.) Ph
Ph H,'%0, 100.0 HL Ph e Ph
+
CO,Me Ph/§ Acetone, (0.16 M) . o
Coatie| , Ni 2 Ben 76 o€ o 1.2n
gral - - 2,
s 4{ — 418
la 28 (constant current, 5mA, 8 h 3a
rt

Undivided cell

Following the modified general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-carboxylate 1a
(95.1 mg, 0.5 mmol), diphenylethylene 2a (177.0 L, 1.0 mmol) and H,*80 (100.0 uL) gave product
3a (124.0 mg, 90%) as a white solid after purification (80:20 CyHex/EtOAc). Then, the resulting
labelled 3a was used as a starting material to follow the procedure described above for the synthesis
of 4. The product ¥4 was achieved (78.1 mg, 58%) as white solid after purification (85:15
CyHex/EtOAC).

1H NMR (300 MHz, CDCl3) & 7.44 — 7.39 (m, 4H), 7.23 — 7.16 (m, 4H), 7.13 — 7.05 (m, 2H), 7.00 (s,
4H), 3.85 (s, 2H), 2.78 (s, 2H), 2.77 (s, 4H).

13C NMR (75 MHz, CDCls) & 147.6 (2C), 142.5 (2C), 128.3 (4 C), 126.7 (2C), 126.5 (2C), 125.7 (4C),
124.6 (2C), 88.3, 79.4, 52.4, 52.1, 44.6 (2C).

HRMS (APCI*) Calculated for C24H23*0 [M + H]*: 329.1671, found: 329.1790
10.2 Radical intermediates evidences

26-L utiding (4Gm %)
o o LiCIO, A 0 ! 0

N N 4 H,0, 100.0 ML o
Ph X »Me
C Ni _ 3
Ph

Constant current, 5mA, 8 h
la it 6 7

Undivided cell
Following the modified general procedure C, methyl 1-oxo-2,3-dihydro-1H-indene-2-carboxylate la
(95.1 mg, 0.5 mmol), styrene (114.6 pL, 1.0 mmol) and 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO,
0.5 mmol, 1.0 equiv.) gave product 6 (154.6 mg, 89.6%) as a brown pale oil after purification (90:10
CyHex/EtOAC).

1H NMR (500 MHz, CDCls) & 7.58 (d, J = 7.2 Hz, 1H), 7.46 (t, J = 7.0 Hz, 1H), 7.34 (d, J = 7.2 Hz,
1H), 7.20 (t, J = 7.2 Hz, 1H), 4.45 (d, J = 17.5 Hz, 1H), 3.57 (s, 3H), 3.31 (d, J = 17.6 Hz, 1H), 1.50 —
1.21 (m, 5H), 1.20 — 1.11 (m, 4H), 1.04 (s, 3H), 0.90 (s, 3H), 0.42 (s, 3H).

B3C NMR (126 MHz, CDCls) 6 198.0, 167.7, 150.3, 133.1, 131.1, 124.9, 123.5, 122.0, 87.2, 57.6, 56.6,
50.2, 37.6, 37.4, 30.8, 29.5, 29.3, 18.1, 17.7, 14.2.

HRMS (ESI*) Calculated for C2oH2sNO4 [M + H]*: 346.1940, found: 346.2013
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