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1. General Information

"H NMR and *C NMR were recorded on Bruker DRX-400 (400 MHz for "H and 100 MHz for '3C
NMR), Bruker Avance |1l 500 (500 MHz for for 'H and 125 MHz for *C NMR), Bruker Avance IIl 600
(600 MHz for for "H and 150 MHz for '*C NMR), Bruker Avance Il 700 (700 MHz for for 'H and 175
MHz for '3C NMR) spectrometers at ambient temperature; the chemical shifts (3) were measured in
ppm with respect to the solvent (DMSO-ds, 'H: & = 2.50 ppm, 3C: & = 39.52 ppm; CD3CN, 'H: d =
1.94 ppm, 3C: 8 = 118.26 (Me-CN) ppm; CDCl3, 'H: & = 7.26 ppm, '3C: 6 = 77.16 ppm; D20 'H: 5 =
4.79 ppm). Coupling constants (J) are given in Hertz. Splitting patterns of an apparent multiplets
associated with an averaged coupling constants were designated as s (singlet), d (doublet), t (triplet),
g (quartet), dd (doublet of doublets), dt (doublet of triplets), m (multiplet), app (apparent), and br
(broadened). Dibromomethane was used as an internal standard for quantitative NMR studies. Raw
NMR data were processed with MestReNova® software.

Cyclic voltammetry (CV) was performed on BioLogic Potentiostat SP-50, raw data were processed
with EC-Lab® Express software. The same equipment and software were used to perform pulsed
electrolysis. For reactions at constant direct current mode, Matsusada R4K36-0.1-L (230V) was used
as a power supply.

Potentials of electrodes were externally measured with multimeter Handskit® DT-925A.

Single-crystal X-ray diffraction data were collected on a Bruker D8 Venture diffractometer. Data
collection/reduction were performed with APEX2, and structure solution/refinement with SHELX
within Olex2 software.

High resolution mass spectra were recorded on Bruker micro Time-of-Flight (TOF)-MS equipped with
an ESI source.

Melting points were measured on Buchi Melting Point M-560.

To determine the purity of compounds S1, 1, 2, and 3, Agilent 7890 gas chromatograph equipped
with 5975C EI-MSD Triple-Axis Detector and HP5MS column was used.

All commercially available compounds were used as provided without further purification. Solvents
for chromatography were HPLC grade. Anhydrous and degassed THF and MeCN were purchased
from Sigma-Aldrich in Sure/Seal™ bottles, kept inside a glove box, and used as received.

Basic alumina for the column chromatography (60-325 mesh, Brockmann activity 1) was purchased
from Fisher Scientific.



Figure S1. Electrodes used for this study: (a) platinum plate (HxWxD 10x15x0.2 mm, immersed
area 200 mm?), used as an anode and a cathode; (b) stainless steel rod (3 4 mm, L 50 mm,
immersed area 150 mm?), use as a cathode; (c) platinum wire (& 0.3 mm, L 60 mm, immersed area
19 mm?), used as an anode; (d) saturated calomel electrode (KClsat), used as a reference electrode.
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Figure S2. Cells used in this study: (a) two-electrode cell used during optimization studies (J 19
mm, L 38 mm; spin bar @ 3 mm, L 10 mm; distance from the spin bar to electrodes = 2 mm; distance
between electrodes = 5 mm); (b) three-electrode cell used during optimization studies, for analytical
purposes and for performing preparative experiments at 0.2 and 0.5 mmol scales (d 19 mm, L 38
mm; spin bar @ 3 mm, L 10 mm; distance from the spin bar to electrodes = 2 mm; distance between
cathode and anode = 5 mm, distance between reference electrode and anode as working electrode
= 3 mm); (c) two-electrode cell used for 1.0 mmol scale reactions (d 27 mm, L 60 mm; spin bar @ 3
mm, L 10 mm; distance from the spin bar to electrodes = 15 mm; distance between cathode and
anode = 5 mm).

Cleaning and Preparation of Platinum Electrodes

Before every experiment, platinum electrodes were soaked in Piranha solution (H2SO4 conc./H20:2
30%, 3:1) for 15 minutes followed by sonication for 15 minutes. WARNING! Extreme care should
be taken when working with Piranha solution! Highly corrosive! Strong oxidizer! Causes
severe burns! Risk of fire or explosion on contact with organic materials! All surfaces that
come into contact with Piranha solution must be dry and free of visible organic residues.
Wear appropriate PPE at all times. Refer to your institution’s SOP before use. After, the
electrodes were washed with deionized water, soaked in acetonitrile for 60 minutes, rinsed with
acetone, thoroughly wiped and dried under vacuum for 15 minutes.



2. SYNTHESIS OF STARTING MATERIALS

In order to access key starting materials — bicyclo[1.1.0]butane-1-carboxylic acids 1 — a set of
bicyclo[1.1.0]butane-1-carboxylic acid methyl esters S1 were synthesized following published
protocols (S1a,c,e-g,k,n,p,q,s;’ S1b,i,l,t;> S1d,h,j;> S1m;* S10;°> S1r) All obtained esters S1 are
known compounds; physicochemical data of the samples matched the previously reported values.

Me tBu F5CO.

CO,Me

F3C

CO,Me CO,Me CO,Me CO,Me

X
{
{
{
{

S1a S1b S1c s1d S1e

Cl

CO,Me CO,Me CO,Me CO,Me CO,Me

MeO

{
'S
¢
v
'S

s1f s1g sth sti S1j

OMe

CO,Me CO,Me CO;Me CO,Me CO,Me
MeO

FiC cl

'Y
.

X
{
5

S1k S1l S1m S1n S1o

CO,Me O CO,Me O CO,Me

[~ [~

S1p S1q S1r S1s S1t

CO,Me CO,Me

.
X
7

Figure S3. List of BCB esters used as precursors for key starting materials 1

General protocol for the synthesis of acids 1

1) 4 equiv. NaOH
COZMe EtOHIHZO 1:1, rt

R R
% 2) 4 equiv. HCl,q %

S$1 1

CO,H

Ester 81 (4 mmol) was dissolved in EtOH (5 mL) at ambient temperature followed by addition of
water (5 mL). To the formed suspension, NaOH (16 mmol, 640 mg, 4 equiv.) was added in one
portion, and the reaction mixture was stirred at ambient temperature until full conversion of ester 81,
which can be monitored by TLC (from 4 to 20 h). Upon full conversion of ester 81, the reaction
mixture was diluted with water (100 mL), which resulted in the formation of a clear solution. /f the



solution was cloudy, it was washed with ethyl acetate (20 mL), and the organic phase was discarded.
It is important that the reaction mixture after dilution remain clear, as any water-insoluble material
may complicate the subsequent isolation of acid 1. The diluted reaction mixture was carefully
acidified by portionwise addition of 0.5 M HCI (32 mL, 1 equiv. relative to the NaOH added) with
vigorous stirring. Acid 1, which was formed as a white solid upon acidification, was collected by
filtration, washed with water (100 mL), air-dried, and then dried under vacuum at ambient
temperature. Analysis by GC-MS and NMR confirmed that acids 1 were of high purity, so no further
purification was performed.

Note 1. Nearly all acids 1 are moderately stable and could be stored in air at ambient temperature
for at least two weeks without noticeable degradation.

Note 2. Acid 10 was quickly decomposing; therefore is was stored as a sodium salt obtained following
the general protocol while using 1 equiv. NaOH (instead of 4 equiv.); the salt was obtained by
concentrating the reaction mixture to dryness and was converted to acid 10 immediately before use.

Note 3. Acids 1 are hygroscopic; therefore they should be further dried before use if exposed to air.

3-phenylbicyclo[1.1.0]butane-1-carboxylic acid (1a)’
CO,H
’ White solid, 495 mg (71%); m.p. = 143 — 144 °C.
"H NMR (500 MHz, DMSO-dg): & = 11.84 (br s, 1H), 7.37 — 7.31 (m. 4H), 7.26 —

7.23 (m, 1H), 2.87 (s, 2H), 1.55 (s, 2H) ppm.

13C {"H} NMR (125 MHz, DMSO-ds): = 170.2, 133.9, 128.4 (2C), 126.7, 125.9
(2C), 35.3 (2C), 31.7, 23.2 ppm.

HRMS (ESI-TOF) m/z calcd for C11H11O2 [M+H]* 175.0768, found 175.0754.

Me 3-(p-tolyl)bicyclo[1.1.0]butane-1-carboxylic acid (1b)
\©N°°Z” White solid, 400 mg (53%); m.p. = 106 — 108 °C.
H NMR (400 MHz, DMSO-ds): & = 11.80 (br s, 1H), 7.24 (app d AA'BB', 3J = 7.9

Hz, 2H), 7.13 (app d AA'BB’, 3J = 7.9 Hz, 2H), 2.84 (s, 2H), 2.27 (s, 3H), 1.52 (s,
2H) ppm.

13C {"H} NMR (100 MHz, DMSO-ds): 8 = 170.3, 136.1, 130.7, 129.1 (2C), 125.9
(2C), 35.3 (2C), 31.9, 22.9, 20.7 ppm.

HRMS (ESI-TOF) m/z calcd for C12H1302 [M+H]* 189.0910, found 189.0916.
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3-(4-(trifluoromethyl)phenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1c)
White solid, 726 mg (75%); m.p. = 153 — 155 °C.

H NMR (400 MHz, DMSO-de): 5 = 12.03 (br s, 1H), 7.68 (app d AABB’, 3J = 8.2
Hz, 2H), 7.56 (app d AA'BB’, 3J = 8.2 Hz, 2H), 2.97 (s, 2H), 1.65 (s, 2H) ppm.

13C {'"H} NMR (100 MHz, DMSO-ds): & = 169.8, 139.5, 127.1 (q, 2Jcr = 32 Hz),
126.6 (2C), 125.3 (q, 3Jcr = 4 Hz, 2C), 124.4 (q, "Jcr = 271 Hz), 35.8 (2C), 30.6,
24.8 ppm.

19F {H} NMR (375 MHz, DMSO-ds): 5 = -60.83 ppm.
HRMS (ESI-TOF) m/z calcd for C12HoFsNaO2 [M+Na]* 265.0447, found 265.0442.

3-(4-(tert-butyl)phenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1d)
White solid, 718 mg (78%); m.p. = 122 — 124 °C.

"H NMR (400 MHz, DMSO-ds): & = 11.83 (br s, 1H), 7.35 (app d AA'BB’, 3J = 8.4
Hz, 2H), 7.27 (app d AA'BB’, 3J = 8.4 Hz, 2H), 2.84 (s, 2H), 1.53 (s, 2H), 1.26 (s,
9H) ppm.

13C {"H} NMR (100 MHz, DMSO-ds): 8 = 170.5, 149.2, 130.7, 125.8 (2C), 125.3
(2C), 35.3 (2C), 34.3, 31.9, 31.1 (3C), 22.8 ppm.

HRMS (ESI-TOF) m/z calcd for C1sH1902 [M+H]* 231.1380, found 231.1366.

3-(4-(trifluoromethoxy)phenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1e)
White solid, 877 mg (85%); m.p. = 142 — 144 °C.

'"H NMR (400 MHz, DMSO-ds): & = 12.00 (br s, 1H), 7.47 (app d AA'BB’, 3J = 8.5
Hz, 2H), 7.32 (app d AA'BB’, 3J = 8.5 Hz, 2H), 2.90 (s, 2H), 1.60 (s, 2H) ppm.

13C {"H} NMR (100 MHz, DMSO-ds): 8 = 170.1, 147.2, 133.8, 127.8 (2C), 121.1
(2C), 120.1 (q, "Jer = 254 Hz), 35.7 (2C), 30.7, 23.6 ppm.

19F {H} NMR (375 MHz, DMSO-ds): 5 = -56.86 ppm.
HRMS (ESI-TOF) m/z calcd for C12H10F 303 [M+H]* 259.0557, found 259.0559.



F 3-(4-fluorophenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1f)
@MCOZH White solid, 629 mg (82%); m.p. = 141 — 143 °C.
"H NMR (400 MHz, DMSO-d¢): 8 = 11.9 (br s), 7.41 — 7.37 (m, 2H), 7.19 —= 7.14 (m,

2H), 2.86 (s, 2H), 1.55 (s, 2H) ppm.

13C {"H} NMR (100 MHz, DMSO-ds): 8 = 170.3, 161.4 (d, "Jcr = 243 Hz), 130.2 (d,
4Jcr =3 Hz), 127.9 (d, 3Jcr = 8 Hz, 2C), 115.4 (d, 2Jcr = 22 Hz, 2C), 35.6 (2C), 31.2,
22.9 ppm.

19F {H} NMR (375 MHz, DMSO-de): & = -115.77 ppm.
HRMS (ESI-TOF) m/z calcd for C11H1oFO2 [M+H]* 193.0659, found 193.0649.

cl 3-(4-chlorophenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1g)
\%"%“ White solid, 656 mg (79%); m.p. = 133 — 133 °C.
"H NMR (500 MHz, DMSO-ds): 8 = 11.96 (br s, 1H), 7.40 — 7.36 (m, 4H), 2.88 (s,

2H), 1.58 (s, 2H) ppm.

13C {'"H} NMR (125 MHz, DMSO-ds): & = 170.1, 133.3, 131.4, 128.4 (2C), 127.7
2C), 35.6 (2C), 31.0, 23.7 ppm.

HRMS (ESI-TOF) m/z calcd for C11Hg**CINaO2 [M+Na]*231.0183, found 231.0185.

3-(m-tolyl)bicyclo[1.1.0]butane-1-carboxylic acid (1h)
White solid, 616 mg (82%); m.p. = 129 — 131 °C.

H NMR (500 MHz, DMSO-de): & = 11.83 (br s, 1H), 7.23 — 7.13 (m, 3H), 7.07 —
7.05 (m, 1H), 2.85 (s, 2H), 2.29 (s, 3H), 1.53 (s, 2H) ppm.

13C {'"H} NMR (125 MHz, DMSO-ds): & = 170.3, 137.6, 133.8, 128.3, 127.5, 126.5,
123.1, 35.3 (2C), 31.8, 23.1, 21.0 ppm.

HRMS (ESI-TOF) m/z calcd for C12H1302 [M+H]* 189.0910, found 189.0951.

3-(3-methoxyphenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1i)
CO,H
MeO *" White solid, 669 mg (82%); m.p. = 114 — 116 °C.
"H NMR (400 MHz, DMSO-ds): & = 11.89 (br s, 1H), 7.24 (t, 3J = 7.9 Hz, 1H), 6.93

—6.81 (m, 3H), 3.74 (s, 3H), 2.86 (s, 2H), 1.53 (s, 2H) ppm.

13C {'"H} NMR (100 MHz, DMSO-de): & = 170.3, 159.4, 135.6, 129.6, 118.4, 122.2,
111.7, 55.1, 35.5 (2C), 31.7, 23.3 ppm.

HRMS (ESI-TOF) m/z calcd for C12H1303 [M+H]* 205.0859, found 205.0850.
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3-(3-fluorophenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1j)
White solid, 598 mg (78%); m.p. = 162 — 164 °C.

H NMR (500 MHz, DMSO-de): & = 11.97 (br s, 1H), 7.39 — 7.34 (m, 1H), 7.21 —
7.18 (m, 2H), 7.09 — 7.04 (m, 1H), 2.91 (s, 2H), 1.58 (, 2H) ppm.

13C {'H} NMR (125 MHz, DMSO-ds): & = 170.0, 162.3 (d, 'Jor = 243 Hz), 137.3 (d,
3Jcr = 8 Hz), 130.4 (d, 3Jcr = 9 Hz), 122.2 (d, “Jer = 2 Hz), 113.5 (d, 3Jcr = 21 Hz),
112.7 (d, 2Jor = 23 Hz), 35.7 (2C), 31.0 (d, *Jer = 2 Hz), 24.0 ppm.

19F {H} NMR (470 MHz, DMSO-de): & = -113.42 ppm.
HRMS (ESI-TOF) m/z calcd for C11HoFNaO, [M+Na]* 215.0479, found 215.0471.

3-(3-(trifluoromethyl)phenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1k)
White solid, 774 mg (80%); m.p. = 127 — 128 °C.

"H NMR (500 MHz, DMSO-dg): & = 12.02 (br s, 1H), 7.67 — 7.65 (m, 2H), 7.61 —
7.55 (m, 2H), 2.98 (s, 2H), 1.63 (s, 2H) ppm.

13C {'H} NMR (125 MHz, DMSO-ds): & = 170.0, 136.1, 130.0, 129.6, 129.4 (q, 2Jor
= 33 Hz), 124.2 (q, "Jor = 273 Hz), 123.3 (q, 3Jcr = 4 Hz), 122.2 (q, 3Jcr = 4 Hz),
35.8 (2C), 30.7, 24.2 ppm.

19F {H} NMR (470 MHz, DMSO-de): & = -61.14 ppm.
HRMS (ESI-TOF) m/z calcd for C1oH1oF 302 [M+Na]* 243.0627, found 243.0619.

3-(3-chlorophenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1)
White solid, 649 (78%); m.p. = 154 — 156 °C.

"H NMR (400 MHz, DMSO-ds): & = 12.00 (br s, 1H), 7.41 — 7.29 (m, 4H), 2.92 (s,
2H), 1.58 (s, 2H) ppm.

13C {'H} NMR (100 MHz, DMSO-de): & = 170.0, 137.0, 133.3, 130.3, 126.7, 125.5,
124.8, 35.7 (2C), 30.8, 24.0 ppm.

HRMS (ESI-TOF) m/z calcd for C11Hg**CINaO2 [M+Na]*231.0183, found 231.0180.

3-(3,5-dimethylphenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1m)
White solid, 574 mg (71%); m.p. = 114 - 116 °C.

H NMR (400 MHz, DMSO-de): & = 11.83 (br s, 1H), 6.96 (s, 2H), 6.84 (s, 1H), 2.83
(s, 2H), 2.24 (s, 6H), 1.50 (s, 2H) ppm.

13C {"H} NMR (100 MHz, DMSO-ds): & = 170.4, 137.4 (2C), 133.7, 128.5, 123.7
(2C), 35.2 (2C), 31.9, 23.1, 20.9 (2C) ppm.

HRMS (ESI-TOF) m/z calcd for C13H1502 [M+H]* 203.1067, found 203.1074.
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3-(3,5-dimethoxyphenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1n)
White solid, 711 mg (76%); m.p. = 119 - 121 °C.

"H NMR (400 MHz, DMSO-ds): & = 11.88 (br s, 1H), 6.47 (s, 2H), 6.39 (s, 1H), 3.73
(s, 6H), 2.83 (s, 2H), 1.51 (s, 2H) ppm.

13C {'"H} NMR (100 MHz, DMSO-ds): 3 = 170.2, 160.5 (2C), 136.4, 104.2 (2C), 98.7,
55.2 (2C), 35.6 (2C), 31.7, 23.2 ppm.

HRMS (ESI-TOF) m/z calcd for C13H1504 [M+H]* 235.0965, found 235.0954.

sodium 3-phenethylbicyclo[1.1.0]butane-1-carboxylate (10)

Waxy solid, 887 mg (99%); m.p. was not clearly determined — visual phase
transition starts at =230 °C.

"H NMR (600 MHz, D,0, water suppression, presaturation at 4.8 ppm): & = 7.23 —
7.20 (m, 2H), 7.17 = 7.16 (m, 2H), 7.13 = 7.11 (m, 1H), 2.70 (t, 3J = 7.8 Hz, 2H),
2.01 (t,3J=7.8 Hz, 2H), 1.91 (s, 2H), 0.93 (s, 2H) ppm.

13C {"H} NMR (100 MHz, D-O): 3 = 180.9, 142.1, 128.7 (2C), 128.5 (2C), 126.0,
36.6 (2C), 34.0, 29.0, 27.5, 14.7 ppm.

HRMS (ESI-TOF) m/z calcd for C13H13Na202 [M+Na]* 247.0705, found 247.0719.

3-(4-bromophenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1p)
White solid, 796 mg (79%); m.p. = 141 — 143 °C.

'"H NMR (400 MHz, DMSO-ds): & = 11.96 (br s, 1H), 7.51 (app d AA'BB’, 3J = 8.0
Hz, 2H), 7.31 (app d AA'BB’, 3J = 8.0 Hz, 2H), 2.88 (s, 2H), 1.57 (2, 2H) ppm.

13C {'H} NMR (100 MHz, DMSO-d): & = 170.0, 133.8, 131.3 (2C), 128.0 (2C),
119.8, 35.6 (2C), 31.0, 23.7 ppm.

HRMS (ESI-TOF) m/z calcd for C11H10"°BrO; [M+H]* 252.9859, found 252.9863.

3-(3-bromophenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1q)
White solid, 826 mg (82%); m.p. = 129 — 131 °C.

"H NMR (500 MHz, DMSO-ds): & = 12.00 (br s, 1H), 7.54 (s, 1H), 7.44 (d,3J=7.9
Hz, 1H), 7.36 (d, 3J = 7.4 Hz, 1H), 7.26 (t, 3J = 7.3 Hz, 1H), 2.91 (s, 2H), 1.57 (s,
2H) ppm.

13C {'"H} NMR (125 MHz, DMSO-ds): & = 170.0, 137.2, 130.5, 129.5, 128.3, 125.1,
121.9, 35.7 (2C), 30.7, 24.0 ppm.

HRMS (ESI-TOF) m/z calcd for C11H10"°BrO2 [M+H]* 252.9859, found 252.9855.
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3-(2-fluorophenyl)bicyclo[1.1.0]butane-1-carboxylic acid (1r)
White solid, 553 mg (72%), m.p. = 128 — 130 °C.

H NMR (400 MHz, DMSO-de): & = 12.14 (br s, 1H), 7.39 — 7.35 (m, 1H), 7.31 —
7.26 (m, 1H), 7.20 — 7.14 (m, 2H), 2.82 (s, 2H), 1.60 (s, 2H) ppm.

13C {"H} NMR (100 MHz, DMSO-ds): & = 170.4, 161.2 (d, "Jer = 247 Hz), 129.3 (d,
Jor = 3 Hz), 128.7 (d, Jor = 8 Hz), 124.6 (d, Jor = 3 Hz), 121.3 (d, 2Jcr = 12 Hz),
115.9 (d, ZJor = 22 Hz), 37.2 (2C), 26.7, 21.7 ppm.

19F {H} NMR (375 MHz, DMSO-de): & = -116.30 ppm.
HRMS (ESI-TOF) m/z calcd for C11H1oFO2 [M+H]* 193.0659, found 193.0658.

3-(naphthalen-2-yl)bicyclo[1.1.0]butane-1-carboxylic acid (1s)
White solid, 573 mg (64%); m.p. = 122 — 124 °C.

H NMR (400 MHz, DMSO-ds): 5 = 11.87 (br s, 1H), 7.93 — 7.86 (m, 4H), 7.53 —
7.45 (m, 3H), 3.03 (s, 2H), 1.65 (s, 2H) ppm.

13C {'"H} NMR (100 MHz, DMSO-ds): & = 170.3, 133.0, 131.9, 131.7, .128.0, 127.6,
127.3,126.5, 125.7, 125.0, 123.7, 35.6 (2C), 32.2, 23.7 ppm.

HRMS (ESI-TOF) m/z calcd for C1sH12NaO2 [M+Na]* 247.0730, found 247.0726.

3-(naphthalen-1-yl)bicyclo[1.1.0]butane-1-carboxylic acid (1t)
White solid, 528 mg (59%); m.p. = 123 — 125 °C.

"H NMR (500 MHz, DMSO-ds): & = 12.35 (br s, 1H), 8.34 (app d, 3J = 7.2 Hz, 1H),
7.96 (app d, 3J =7.2 Hz, 1H), 7.86 (app d, 3J = 7.2 Hz, 1H), 7.59 — 7.56 (m, 2 H),
7.46 (app t, 3J = 7.7 Hz, 1H), 7.35 (app d, 3J = 7.2 Hz, 1H), 2.64 (s, 2H), 1.83 (s,
2H) ppm.

13C {'H} NMR (125 MHz, DMSO-ds): & = 171.2, 133.58, 133.53, 130.9, 128.6,
127.5, 126.4, 126.1, 125.4, 124.5, 122.3, 39.1 (2C), 28.1, 20.8 ppm.

HRMS (ESI-TOF) m/z calcd for C1sH12NaO2 [M+Na]* 247.0730, found 247.0727.
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3 SELECTED RESULTS OF OPTIMIZATION STUDIES

General Comments

During optimization, we encountered poor reproducibility for direct electrolysis using a power supply.
Reproducibility issues affected both the yield of 2a and the 2a/3a ratio. Tables S1-S5 summarize
the direct-electrolysis data, reporting the highest yields observed across consecutive runs. The
dispersion was too high to provide a statistically meaningful range of yields. By contrast, pulsed
electrolysis afforded consistent results for both the yield of 2a and the 2a/3a ratio (Table S6). The
largest deviation was £10%.

Table S1. Screening of solvents.

Undivided cell
2 equiv. TBAB

o Solvent (0.04 M) o) (o)
O O
Ph%l\OH 4©—> Ph%H + Ph%Br
ta P i 3 Fimel 2a s
0.1 mmol direct electrolysis
power supply
Entry’ Solvent NMR Yield of 2a, %> NMR Yield of 3a, %*3
1 MeCN 55 -
2 DMA trace -
3 AcOH trace -
4 EtOH trace -
5 PhCF; 40 -
6 DCM trace -
7 DCE trace -
8 THF trace -

0.1 mmol scale, ambient temperature, spin rate 600 rpm, SS = stainless steel
2 CH2Br; was used as an internal standard
3Yield of 3a was not quantified at this stage
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Table S2. Screening of electrolytes.

Undivided cell

2 equiv. electrolyte
o MeCN (0.04 M) fo) fo)

o (o}
Ph: \JLOH +> Ph%H + Ph%m

Pt plate (+) / SS (-)
1a 6 mA, 3 F/mol 2 3a
0.1 mmol direct electrolysis
power supply

Entry’  Electrolyte Time, h2 NMR Yield of 2a, %3 NMR Yield of 3a, %2

1 TBAB 3.5 55 10

2 TBACI 35 Not detected* -

3 TBAI 3.5 40 -

4 PrsNBr 3.5 50 10

5 TBA PFg 1 Not detected* -

6 Li PFe 3 Not detected* -

7 LiBr 2 Not detected* Not detected*
8 BusPBr 35 Not detected* Not detected*

0.1 mmol scale, ambient temperature, spin rate 600 rpm, SS stands for stainless steel
2 Full conversion

3 CH,Br; was used as an internal standard

4 Decomposition of the reaction mixture
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Table S3. Different concentrations of 1a.

Undivided cell

2 equiv. TBAB
MeCN (concentration)

i %%

Pt plate (+) / Pt plate (-)
6 mA, 3 F/mol
0.1 mmol direct electrolysis
power supply

Entry’ Concentration NMR Yield of 2a, %?2 NMR Yield of 3a, %2
1 0.04 55 15
2 0.043 0 0
3 0.01 15 20
4 0.007 10 30

0.1 mmol scale, ambient temperature, spin rate 600 rpm
2CHBr; was used as an internal standard
3 No stirring
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Table S4. 1a-to-electrolyte ratios.

Undivided cell
TBAB
o MeCN (0.04 M) o) o}
(o} [0}
e o ph%u . ph%m
ta e A 3 Fimol 22 %
0.1 mmol direct electrolysis
power supply
Entry’ 1a/TBAB Ratio NMR Yield of 2a, %> NMR Yield of 3a, %?

1 1:2 55 15
2 1:3 50 15
3 1:4 35 25
4 1:1 50 15
5 1:0.75 25 10
6 1:0.5 15 15
7 1/0 03 0
8 1:24 15 n.d.
9 1:25 15 20
10 1:26 20 n.d.

0.1 mmol scale, ambient temperature, spin rate 600 rpm, SS = stainless steel
2 CH,Br, was used as an internal standard

3 Conversion of 1a = 10%

4 Concentration of 1a =0.02 M

5 Concentration of 1a = 0.08 M

8 Thermostated at 60° C
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Table S5. Different Current Densities.

Undivided cell

TBAB
MeCN (0.04 M)

? o’ o
Ph%l\m_l 4‘_> Ph%H . Ph%Br
1a ¥ 2a 3a

6 mA, 3 F/mol
0.1 mmol direct electrolysis
power supply
Entry’ Anode Cathode NMR Yield of 2a, %> NMR Yield of 3a, %?

1 Pt plate® Pt plate? 55 15
2 Pt plate® SS rod* 55 15
3 Pt wire® Pt plate® 75 (72)° 10
4 Pt wire® SS rod* 75 (71) 10
5 Pt plate? Pt wire® 0 15

0.1 mmol scale, ambient temperature, spin rate 600 rpm
2 CH2Br; was used as an internal standard

3j=3.0 mA/cm?

4j=4.3 mA/cm?

5j=31.6 mA/cm?

6 Isolated yield
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Table S6. Screening Parameters for Pulsed Electrolysis.

Undivided cell

2 equiv. TBAB
MeCN (0.04 M)

o %%

Pt wire(+) / Pt plate (-)
6 mA, 3 Fimol
0.1 mmol pulsed electrolysis
potentiostat

Entry’ Program (pulse, s / resting time, s) NMR Yield of 2a, %2 NMR Yield of 3a, %?2

1 10/10 70

2 10/20 65 5
3 10/30 65 5
4 20/0.5 35 20
5 20/20 65 5
6 20/30 80 (78)° 5
7 20/30* 2 F/mol 65 5
8 20/30° 4 F/mol 80 5
9 20/30° 50 40
10 5/20 35 20
11 2/3 70 10

0.1 mmol scale, ambient temperature, spin rate 600 rpm

2 CH2Br; was used as an internal standard

3lsolated yield, 0.2 mmol scale, concentration of 1a = 0.08 M
4 Total charge = 2 F/mol

5 Total charge = 4 F/mol

6 Total charge = 1.5 F/mol
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Synthetic procedure designed for optimization studies (Table S5, Entry 1)

Reaction vial (Figure S2, a) was charged with acid 1a (17.5 mg, 0.1 mmol), TBAB (64 mg, 0.2 mmol,
2 equiv.), MeCN (2.5 mL) and a spin bar inside a glove box (argon). Platinum plates were mounted
(Figure S1, a) and spin rate was set to 600 rpm. Direct current of 6 mA was passed through the
media for 80 min (3 F/mol) using a power supply. Upon completion, reaction vial was removed from
the glove box, the reaction mixture was transferred into a round-bottom flask, concentrated to
dryness, further dried under vacuum. The residue was dissolved in CDCIs (around 0.5 mL),
dibromomethatne (7 pL, 1 equiv.) was added, the mixture was transferred to the NMR tube and
analyzed by '"H NMR.

NNNNNNNNNNNN
228caaaanv iy

mmmmmmmmmmmm

7.26 CDCI3
4.82 CH2BI

Crude reaction mixture

TBAB C‘3H

TBAB CH

T T T T T
3.0 2.9 2.8 2.7 2.6

TBAB N(iH

3
[u1]
<
o
[

2,00
{05
033/
2205

T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

Figure S4. 'H NMR of crude reaction mixture with CH2Brz2 as an internal standard (Table 5, Entry 1),
400 MHz, CDCls.
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Synthetic procedure for the analytical scale experiment under optimized conditions (Table S6, Entry 6)

Reaction vial (Figure S2, a) was charged with acid 1a (17.5 mg, 0.1 mmol), TBAB (64 mg, 0.2 mmol,
2 equiv.), MeCN (2.5 mL) and a spin bar inside a glove box (argon). Platinum wire (anode, Figure 1,
c) and platinum plate (cathode, Figure S1, a) were mounted, and spin rate was set to 600 rpm.
Pulsed electrolysis was performed using a potentiostat and a suitable software for programming. The
following sequence was performed: 20 s pulse of direct current, 6 mA, followed by 30 s resting period,
240 cycles (200 min, 3 F/mol). Upon completion, reaction vial was removed from the glove box, the
reaction mixture was transferred into a round-bottom flask, concentrated to dryness, further dried
under vacuum. The residue was dissolved in CDCIs (around 0.5 mL), dibromomethatne (7 pL, 1
equiv.) was added, the mixture was transferred to the NMR tube and analyzed by "H NMR.

i O AR
Ry

7]
[Bepeal ng - [200 cycs

Becod evey 1o

1Range = (@ 10ma
ERange = [@ +/5V
Bandwidh = (G 5

Figure S5. Instructions for programming the pulse sequence using EC-Lab® Express software: (a)
create Modular Pulse experiment; (b) set the parameters for electrolysis step; (c) set the parameters
for the resting period.
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Figure S6. 'H (a) and "3C (b) NMR spectra of crude reaction mixture with CH2Brz2as an internal
standard (Table 6, Entry 6), 400 and 100 MHz respectively, CDCls.
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4. SYNTHESIS OF PRODUCTS 2 AND 3

General protocol for the synthesis of products 2 and 3

Undivided cell
2 equiv. TBAB
ACN (0.08 M)
Pulsed electrolysis: 20 s pulse / 30 s resting period, 480 cycles (400min)
o) Anode - Pt wire (j = 31.6 Alcm?) / Cathode - Pt plate (j = 3.0 Alcm?) o) o]

1 6 mA, 3 F/mol, spin rate 600 rpm 2 3
ambient temperature, under Ar

Reaction vial (Figure S2, a) was charged with acid 1 (0.1 mmol), TBAB (64 mg, 0.2 mmol, 2 equiv.),
MeCN (2.5 mL) and a spin bar inside a glove box (argon). Platinum wire (anode, Figure 1, ¢) and
platinum plate (cathode, Figure S1, a) were mounted, and spin rate was set to 600 rpom. Pulsed
electrolysis was performed using a potentiostat and a suitable software for programming. The
following sequence was performed: 20 s pulse of direct current, 6 mA, followed by 30 s resting period,
480 cycles (400 min, 3 F/mol, see Figure S5 for instructions). Upon completion, the reaction vial was
removed from the glove box, the reaction mixture was transferred into a round-bottom flask and dry-
loaded onto Celite (about 700 mg). Compounds 2 and 3 were purified by column chromatography
(basic aluminum oxide, n-hexane/ethyl acetate gradient from 20:1 to 10:1).

Note 1. Compounds 2 and 3 are sensitive to acids. Basic alumina proved to be the sorbent of choice
for column chromatography; however, purification should be performed as quickly as possible to
minimize degradation. For purification, short columns constructed from 10-mL plastic syringes,
packed from the bottom with a cotton plug followed by ca. 4 mL of basic alumina, were used.

Note 2. Different brands of basic alumina showed varying performance. In our experience, basic
alumina from Fisher Scientific (60-325 mesh, Brockmann activity I) gave the most consistent results.

Note 3. Compounds 2 and 3 are barely detectable on TLC: they are weakly UV-active and give only
very faint spots after staining with common reagents such as acidic KMnOs4, p-anisaldehyde, iodine
fumes, or cerium-ammonium molybdate. At the same time, compounds 2 and 3 can be detected by
GC-MS, which can be used to study the eluate.

Note 4. Generally, compounds 3 are less polar and elute first with an eluent of n-hexane/ethyl acetate
from 20:1 to 15:1.

Note 5. Compounds 2 and 3 are moderately stable in CDCls. When a clean sample of a compound
was dissolved in CDCIs and analyzed by NMR within 60 min, early signs of degradation were already
detectable.
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Synthesis of product 2a at 0.5 mmol scale

Undivided cell
2 equiv. TBAB
ACN (0.013 M)
Pulsed electrolysis: 20 s pulse / 30 s resting period, 480 cycles (400min)
o Anode - Pt wire (j = 31.6 Alcm?) / Cathode - Pt plate (j = 3.0 Alcm?) (o]

1a 6 mA, 3 Fimol, spin rate 600 rpm 2a
ambient temperature, under Ar

Reaction vial (Figure S2, a) was charged with acid 1a (88 mg, 0.5 mmol), TBAB (322 mg, 1 mmol, 2
equiv.), MeCN (4 mL) and a spin bar inside a glove box (argon). Platinum wire (anode, Figure 1, c)
and platinum plate (cathode, Figure S1, a) were mounted, and spin rate was set to 600 rpm. Pulsed
electrolysis was performed using a potentiostat and a suitable software for programming. The
following sequence was performed: 20 s pulse of direct current, 6 mA, followed by 30 s resting period,
1200 cycles (1000 min, 3 F/mol, see Figure S5 for instructions). Upon completion, the reaction vial
was removed from the glove box, the reaction mixture was transferred into a round-bottom flask and
dry-loaded onto Celite (about 700 mg). Compound 2a was purified by column chromatography (basic
aluminum oxide, n-hexane/ethyl acetate gradient from 15:1 to 10:1).

Synthesis of product 2a at 1.0 mmol scale

Undivided cell
2 equiv. TBAB
ACN (0.07 M)
Pulsed electrolysis: 20 s pulse / 30 s resting period, 480 cycles (400min)
o Anode - Pt wire (j =31.6 Alcmz) | Cathode - Pt plate (j = 3.0 AIcmz) o]

Ph%j\OH O > Ph%H

1a 6 mA, 3 F/mol, spin rate 600 rpm 2a
ambient temperature, under Ar

Reaction vial (Figure S2, c) was charged with acid 1a (174 mg, 1.0 mmol), TBAB (644 mg, 2 mmol,
2 equiv.), MeCN (15 mL) and a spin bar inside a glove box (argon). Platinum wire (anode, Figure 1,
c) and platinum plate (cathode, Figure S1, a) were mounted, and spin rate was set to 600 rpm.
Pulsed electrolysis was performed using a potentiostat and a suitable software for programming. The
following sequence was performed: 20 s pulse of direct current, 6 mA, followed by 30 s resting period,
2400 cycles (2000 min, 3 F/mol, see Figure S5 for instructions). Upon completion,the reaction vial
was removed from the glove box, the reaction mixture was transferred into a round-bottom flask and
dry-loaded onto Celite (about 1 g). Compound 2a was purified by column chromatography (basic
aluminum oxide, n-hexane/ethyl acetate gradient from 15:1 to 10:1).
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1-phenyl-2-oxabicyclo[2.1.1]hexan-3-one (2a)

Colorless oil, 27 mg (78%) — 0.2 mmol scale; 57 mg (65%) — 0.5 mmol scale; 117
mg (67%) — 1.0 mmol scale; compound 1a could be crystallized from n-
hexane/ethyl acetate (transparent needles) or n-hexane/THF/ (transparent
plates), m.p. =59 — 61 °C (n-hexane/ethyl acetate).

"H NMR (500 MHz, CD3CN): & = 7.45 — 7.41 (m, 5H), 3.05 (t, 3J = 2.5 Hz, 1H),
277 -2.71 (m, 4H) ppm.

13C {TH} NMR (125 MHz, CDsCN): & = 178.9, 135.9, 130.0, 129.5 (2C), 126.9 (2C),
91.5, 51.5 (2C), 43.4 ppm.

HRMS (ESI-TOF) m/z calcd for C11H10NaO2 [M+Na]* 197.0573, found 197,0573.

1-(p-tolyl)-2-oxabicyclo[2.1.1]hexan-3-one (2b)
Colorless oil, 28 mg (76%).

H NMR (400 MHz, CDsCN): & = 7.32 (app d AABB’, 3J = 7.9 Hz, 2H), 7.25 (app
d AABB’, 3J = 7.9 Hz, 2H), 3.04 — 3.02 (m, 1H), 2.74 — 2.69 (m, 4H), 2.35 (s, 3H)
ppm.

13C {"H} NMR (125 MHz, CDsCN): & = 179.0, 140.2, 133.1, 130.1 (2C), 127.0 (2C),
91.6, 51.5 (2C), 43.5, 21.2 ppm.

HRMS (ESI-TOF) m/z calcd for C12H1302 [M+H]* 189.0910, found 189.0915.

1-(4-(trifluoromethyl)phenyl)-2-oxabicyclo[2.1.1]hexan-3-one (2c)
Colorless oil, 34 mg (71%).

"H NMR (500 MHz, CD3CN): & = 7.76 (app d AA'BB’, 3J = 8.4 Hz, 2H), 7.63 (app
d AA'BB’, 3J = 8.4 Hz, 2H), 3.09 (t, 3J = 2.7 Hz, 1H), 2.86 — 2.81 (m, 2H), 2.76 —
2.71 (m. 2H) ppm.

13C {'"H} NMR (125 MHz, CDsCN): 5 = 178. 3, 140.3, 131.3 (q, 2Jor = 32 Hz), 127.8
(2C), 126.6 (q, 3Jcr = 4 Hz, 2C), 125.2 (q, "Jor = 272 Hz), 90.5, 51.8 (2C), 43.6

ppm.
19F {1H} NMR (470 MHz, CDsCN): & = -63.3 ppm.
HRMS (ESI-TOF) m/z calcd for C12HsFsNaO, [M+Na]* 265.0447, found 265.0455.
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1-(4-(tert-butyl)phenyl)-2-oxabicyclo[2.1.1]hexan-3-one (2d)
Colorless oil, 38 mg (82%).

"H NMR (500 MHz, CD3CN): & = 7.49 (app d AA'BB’, 3J = 7.9 Hz, 2H), 7.36 (app
d AA'BB’, 3J = 7.9 Hz, 2H), 3.03 (t, 3J = 2.6 Hz, 1H), 2.57 — 2.70 (m, 4H), 1.31 (s,
9H) ppm.

13C {"H} NMR (125 MHz, CDsCN): & = 179.0, 153.3, 133.2, 126.8 (2C), 126.5 (2C),
91.5, 51.5 (2C), 43.5, 35.3, 31.4 (3C) ppm.

HRMS (ESI-TOF) m/z calcd for C1sH1gNaO2 [M+Na]* 253.1199, found 253.1209.

1-(4-(trifluoromethoxy)phenyl)-2-oxabicyclo[2.1.1]hexan-3-one (2¢e)
Colorless oil, 38 mg (74%).

H NMR (500 MHz, CDsCN): & = 7.55 — 7.53 (m, 2H), 7.37 — 7.35 (m, 2H), 3.06 (t,
B =2.7 Hz, 1H), 2.82 — 2.79 (m, 2H), 2.77 — 2.70 (m, 2H) ppm.

13C {"H} NMR (125 MHz, CDsCN): & = 178.5, 150.3, 135.3, 129.1 (2C), 122.2 (2C),
121.5 (q, J'cr = 256 Hz), 90.6, 51.7 (2C), 43.5 ppm.

19F {1H} NMR (470 MHz, CDsCN): & = -58.6 ppm.
HRMS (ESI-TOF) m/z calcd for C12HeFsNaOs [M+Na]* 281.0396, found 281.0406.

1-(4-fluorophenyl)-2-oxabicyclo[2.1.1]hexan-3-one (2f)
Colorless oil, 28 mg (73%).

H NMR (500 MHz, CDsCN): & = 7.49 — 7.45 (m, 2H), 7.20 — 7.16 (m, 2H), 3.05 (t,
B =2.7 Hz, 1H), 2.77 — 2.71 (m, 4H) ppm.

13C {"H} NMR (125 MHz, CD3sCN): & = 178.7, 163.9 (d, "Jcr = 246 Hz), 132.2 (d,
4Jcr = 3 Hz), 129.3 (d, 3Jcr = 9 Hz, 2C), 116.4 (d, 2Jcr = 22 Hz, 2C), 90.9, 51.5
(2C), 43.5 ppm.

19F {"H} NMR (375 MHz, CDsCN): & = -114.1 ppm.
HRMS (ESI-TOF) m/z calcd for C11HoFNaO, [M+Na]* 215.0479, found 215.0487.

1-(4-chlorophenyl)-2-oxabicyclo[2.1.1]hexan-3-one (29)
Colorless oil, 29 mg (69%).

H NMR (500 MHz, CDsCN): & = 7.47 — 7.41 (m, 4H), 3.05 (t, 3J = 2.7 Hz, 1H),
2.80 — 2.73 (m, 2H), 2.71 — 2.68 (m, 2H) ppm.

13C {"H} NMR (125 MHz, CDsCN): & = 178.6, 135.4, 134.9, 129.7 (2C), 128.8 (2C),
90.7, 51.6 (2C), 43.5 ppm.

HRMS (ESI-TOF) m/z calcd for C41Hg*°CINaO, [M+Na]* 231.0183, found
231.0190.
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(o)
20 g
MeO

1-(m-tolyl)-2-oxabicyclo[2.1.1]hexan-3-one (2h)
Colorless oil, 28 mg (76%).

"H NMR (500 MHz, CD3CN): & = 7.34 — 7.22 (m, 4H), 3.04-3.02 (m, 1H), 2.75 —
2.70 (m, 4H), 2.36 (s, 3H) ppm.

13C {"H} NMR (125 MHz, CDsCN): & = 178.9, 139.5, 136.0, 130.7, 129.5, 127.6,
124.0, 91.6, 51.5 (2C), 43.5, 21.3 ppm.

HRMS (ESI-TOF) m/z calcd for C12H12NaO2 [M+Na] * 211.0730, found 211.0737.

1-(3-methoxyphenyl)-2-oxabicyclo[2.1.1]hexan-3-one (2i)
Colorless oil, 30 mg (73%).

H NMR (500 MHz, CDsCN): & = 7.35 (t, 3J = 7.6 Hz, 1H), 7.02 — 6.96 (m, 3H),
3.81 (s, 3H), 3.05 — 3.04 (m, 1H), 2.77 — 2.70 (m, 4H) ppm.

13C {"H} NMR (125 MHz, CDsCN): & = 178.8, 160.8, 137.5, 130.8, 119.1. 115.6.
112.5, 91.3, 56.0, 51.6 (2C), 43.5 ppm.

HRMS (ESI-TOF) m/z calcd for C12H12NaOs [M+Na]* 227.0679, found 227.0683.

1-(3-fluorophenyl)-2-oxabicyclo[2.1.1]hexan-3-one (2j)
Colorless oil, 27 mg, (71%).

H NMR (500 MHz, CDsCN): & = 7.47 — 7.46 (m, 1H), 7.28 — 7.26 (m, 1H), 7.22 —
7.14 (m, 2H), 3.06 (t, 3J = 2.7 Hz, 1H), 2.82 — 2.76 (m, 2H), 2.73 — 2.69 (m, 2H)
ppm.

13C {"H} NMR (125 MHz, CD3sCN): & = 178.4, 163.6 (d, "Jcr = 245 Hz), 138.6 (d,
3Jcr =8 Hz), 131.6 (d, 3Jcr = 8 Hz), 123.0 (d, *Jcr = 3 Hz), 116.8 (d, 2Jcr = 21 Hz),
114.1 (d, 2Jcr = 23 Hz), 90.6, 51.7 (2C), 43.5 ppm.

19F {"H} NMR (470 MHz, CDsCN): & = -114.2 ppm.
HRMS (ESI-TOF) m/z calcd for C11H1oFO2 [M+H]* 193.0659, found 193.0661.

1-(3-(trifluoromethyl)phenyl)-2-oxabicyclo[2.1.1]hexan-3-one (2k)
Colorless oil, 35 mg (73%).

H NMR (600 MHz, CDsCN): & = 7.76 — 7.71 (m, 3H), 7.66 — 7.63 (m, 1H), 3.09 (t,
3J= 2.7 Hz, 1H), 2.86 — 2.82 (m, 2H), 2.77 — 2.73 (m, 2H) ppm.

13C {"H} NMR (150 MHz, CD3sCN): 8 = 178.3, 137.2, 131.2 (q, 2Jcr = 33 Hz), 131.0,
130.7, 126.8 (q, 3Jcr =4 Hz), 125.2 (q, "Jcr = 272 Hz), 123.9 (q, 3Jcr = 4 Hz), 90.5,
51.7 (2C), 43.5 ppm.

19F {1H} NMR (470 MHz, CDsCN): & = -63.2 ppm.
HRMS (ESI-TOF) m/z calcd for C12HeFsNaO2 [M+Na]* 265.0447, found 265.0458.
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1-(3-chlorophenyl)-2-oxabicyclo[2.1.1]hexan-3-one (2I)
Colorless oil, 19 mg (45%).

H NMR (500 MHz, CDsCN): & = 7.48 — 7.47 (m, 1H), 7.44 — 7.43 (m, 2H), 7.40 —
7.37 (m, 1H), 3.06 (t, 3J = 2.7 Hz, 1H), 2.81 — 2.76 (m, 2H), 2.73 — 2.69 (m, 2H)
ppm.

13C {'"H} NMR (125 MHz, CDsCN): & = 178.4, 138.2, 135.0, 131.3, 130.0, 127.1,
125.6, 90.5, 51.7 (2C), 43.5 ppm.

HRMS (ESI-TOF) m/z calcd for C11H10"°CIO2 [M+H]* 209.0364, found 209.0370.

1-(3,5-dimethylphenyl)-2-oxabicyclo[2.1.1]hexan-3-one (2m)
Colorless oil, 30 mg (75%).

'H NMR (400 MHz, CD3CN): & = 7.06 (s, 3H), 3.03 —3.02 (m, 1H), 2.73 — 2.68 (m,
4H), 2.32 (s, 6H) ppm.

13C {"H} NMR (100 MHz, CDsCN): & = 179.0, 139.4, 135.9, 131.5, 124.7 (3C),
91.6, 51.5 (2C), 43.5, 21.2 (2C) ppm.

HRMS (ESI-TOF) m/z calcd for C13H14NaO2 [M+Na]* 225.0886, found 225.0889.

1-(3,5-dimethoxyphenyl)-2-oxabicyclo[2.1.1]hexan-3-one (2n)
Colorless oil, 32 mg (68%).

"H NMR (600 MHz, CD3CN): & = 6.57 (d, 4J = 2.3 Hz, 2H), 6.51 (t, *J = 2.3 Hz,
1H), 3.79 (s, 6H), 3.03 (t, 3J = 2.7 Hz, 1H), 2.77 — 2.73 (m, 2H), 2.71 — 2.67 (m,
2H) ppm.

13C {"H} NMR (150 MHz, CDsCN): & = 178.8, 162.1 (2C), 138.3, 105.0 (2C), 101.6,
91.3, 56.1 (2C), 51.6 (2C), 43.4 ppm.

HRMS (ESI-TOF) m/z calcd for C13H14NaO4 [M+Na]* 257.0784, found 257.0788.
1-phenethyl-2-oxabicyclo[2.1.1]hexan-3-one (20)
Colorless oil, 29 mg (71%).

"H NMR (500 MHz, CD3CN): 8 = 7.33 — 7.21 (m, 5H), 2.90 — 2.89 (m, 1H), 2.77 —
2.74 (m, 2H), 2.38 — 2.35 (m, 2H), 2.32 — 2.88 (m, 2H), 2.16 - 2.13 (M, 3J=7.9
Hz, 2H) ppm.

13C {"H} NMR (125 MHz, CDsCN): & = 179.6, 142.4, 129.37 (2C), 129.25 (2C),
127.0, 92.5, 50.1, 43.7, 33.7, 31.0 ppm.

HRMS (ESI-TOF) m/z calcd for C13H14NaO2 [M+Na]* 225.0886, found 225.0888.

25



4-bromo-1-phenyl-2-oxabicyclo[2.1.1]hexan-3-one (3a)

White solid; the yield of 3a did not exceed 5% under standard reaction conditions,
the data were acquired using a combined sample of compound 3a; compound 3a
can be crystallized from n-hexane/ethyl acetate (transparent colorless prisms);
m.p. = 79 — 81 °C (n-hexane/ethyl acetate).

"H NMR (500 MHz, CD3CN): & = 7.48 — 7.43 (m, 5H), 3.23 — 3.19 (m, 2H), 3.15 -
3.10 (m, 2H) ppm.

13C {"H} NMR (125 MHz, CDsCN): & = 173.2, 134.2, 130.7, 129.8 (2C), 127.1 (2C),
88.9, 58.9 (2C), 50.4 ppm.

HRMS (ESI-TOF) m/z calcd for C11HgO2 [M-Br]* 173.0597, found 173.0595.

4-bromo-1-(4-bromophenyl)-2-oxabicyclo[2.1.1]hexan-3-one (3b)
Colorless oil, 44 mg (68%).

H NMR (400 MHz, CDsCN): & = 7.63 (app d AA'BB’, 3J = 7.8 Hz, 2H), 7.35 (app
d AA'BB’, 3J = 7.8 Hz, 2H), 3.22 — 3.09 (m, 4H) ppm.

13C {"H} NMR (125 MHz, CD3CN): 8 =172.9, 133.5,132.9 (2C), 129.1 (2C), 124.3,
88.2, 59.0, 50.2 ppm.

HRMS (ESI-TOF) m/z calcd for C11Hg"°BrO, [M-Br]* 250.9702, found 250.9705.

4-bromo-1-(3-bromophenyl)-2-oxabicyclo[2.1.1]hexan-3-one (3c)
Colorless oil, 47 mg (71%).

'"H NMR (400 MHz, CD3CN): 8 =7.63 — 7.61 (m, 2H), 7.46 — 7.37 (m, 2H), 3.22 —
3.11 (m, 4H) ppm.

13C {'"H} NMR (100 MHz, CDsCN): & = 172.8, 136.6, 133.6, 131.8, 130.2, 126.1,
123.2, 87.8, 59.1 (2C), 50.1 ppm.

HRMS (ESI-TOF) m/z calcd for C11Hg"°BrO2 [M-Br]* 250.9702, found 250.9707.

4-bromo-1-(2-fluorophenyl)-2-oxabicyclo[2.1.1]hexan-3-one (3d)
Colorless oil, 39 mg (72%).

H NMR (400 MHz, CDsCN): & = 7.52 — 7.49 (m, 1H), 7.42 — 7.39 (m, 1H), 7.30 —
7.19 (m, 2H), 3.36 — 3.30 (m, 2H), 3.20 — 3.14 (m, 2H) ppm.

13C {'H} NMR (100 MHz, CDsCN): & = 172.9, 162.1 (d, "Jor = 250 Hz), 133.5 (d,
3Jer = 9 Hz), 130.3 (d, Jor = 3 Hz), 125.7 (d, Jor = 4 Hz), 121.0 (d, 2Jcr = 13 Hz),
117.1 (d, 2Jor = 21 Hz), 85.6, 58.8 (2C), 50.4 ppm.

HRMS (ESI-TOF) m/z calcd for C11HgFO2 [M-Br]* 194.0503, found 191.0501.
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4-bromo-1-(naphthalen-2-yl)-2-oxabicyclo[2.1.1]hexan-3-one (3e)
Colorless oil, 33 mg (54%).

"H NMR (400 MHz, CD3CN): 8 = 7.99 — 7.93 (m, 4H), 7.60 — 7.53 (m, 3H), 3.32 —
3.18 (m, 4H) ppm.

3C {"H} NMR (100 MHz, CDsCN): & = 173.2, 134.6 133.8, 131.6, 129.7, 129.2,
128.8, 128.2, 127.9, 126.9, 124.2, 89.0, 59.0 (2C), 50.4 ppm.

HRMS (ESI-TOF) m/z calcd for C4sH1102 [M-Br]* 223.0754, found 223.0754.

4-bromo-1-(naphthalen-1-yl)-2-oxabicyclo[2.1.1]hexan-3-one (3f)
Colorless oil, 34 mg (56%).

H NMR (400 MHz, CDsCN): & = 8.17 — 8.15 (m, 1H), 8.03 — 7.97 (m, 2H), 7.62 —
7.47 (m, 4H), 3.63 — 3.58 (m, 2H), 3.25 — 3.19 (m, 2H) ppm.

13C {"H} NMR (100 MHz, CD3sCN): 6 = 173.3, 134.9, 132.1, 131.8, 129.85, 129.69,
127.94,127.88, 127.5, 126.1, 125.9, 89.6, 59.0 (2C), 50.0 ppm.

HRMS (ESI-TOF) m/z calcd for C1sH1102 [M-Br]* 223.0754, found 223.0752.
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5. SINGLE CRYSTAL X-RAY DIFFRACTION DATA

Crystallographic data for compound 2a

Crystals suitable for single crystal X-Ray diffraction studies were obtained via crystallization from the
solution of compound 2a in THF/n-hexane at -25 °C (freezer). About 50 mg of compound 2a was
dissolved in a minimal amount of THF, and the mixture was diluted with 10 mL of n-hexane in a glass
vial (9 20 mm, L 70 mm) and placed into a freezer for 7 days. Compound 2a was obtained in a form
of colourless transparent plates.

CCDC 2493459
Empirical formula C11H1002
Formula weight 174.19
Temperature 120 K
Wavelength 1.54178 A (CuKa)
Crystal system Monoclinic
Space group P2,/c

a=7.5720 A, b=5.5244 A, c = 20.5726 A

Unit cell dimensions a=90° B = 93.618°, y = 90°

Volume 858.85(5) A3

Z 4

Absorption coefficient () 0.747 mm™

F(000) 368

Theta range for data collection  5.86 to 68.23°

Independent reflections 1563

Completeness to 6 = 25.242° 0.993

Refinement method Full-matrix least-squares on F? (SHELX-type refinement)
Goodness-of-fit on F? (S) 1.032

Final R indices [l > 20(l)] R; =0.0328, wR, = 0.0818

R indices (all data) R; (all) = 0.0328, wR, (all) = 0.0818
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Crystallographic data for compound 3a

Crystals suitable for single crystal X-Ray diffraction studies were obtained via slow evaporation of
the solution of compound 3a in ethyl acetate/n-hexane at ambient temperature on air. About 50 mg
of compound 3a was dissolved in a minimal amount of ethyl acetate and diluted with 10 mL of n-
hexane in a glass vial (d 20 mm, L 70 mm) and left at ambient conditions for evaporation. Compound
3a was obtained in a form of colourless transparent prisms.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Absorption coefficient ()
F(000)

Theta range for data collection
Independent reflections
Completeness to 8 = 25.242°
Refinement method
Goodness-of-fit on F2 (S)
Final R indices [l > 20(l)]

R indices (all data)

CCDC 2493461

C11HgBroO;

253.09

120 K

1.54178 A (CuKa)
Triclinic

P1

a=6.3703 A, b=9.0082 A, c =9.2840 A
a =69.206°, B =80.672°, y = 88.246°

491.26 A3

2

5.456 mm™

252

5.16 to 68.02°

1781

0.989

Full-matrix least-squares on F? (SHELX-type refinement)
1.114

R; =0.0193, wR, = 0.0457

R; (all) =0.0193, wR; (all) = 0.0457
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6. MECHANISTIC STUDIES

Synthesis of cyclobutene 4 and its assessment as a potential intermediate in the formation of
compounds 2 and 3.

1) 5 mol% BFPh;

Ph CO,Me PhM
2) 4 equiv. NaOH

S1a EtOH/H,0 1:1, rt 4

For the first step, an analytical procedure reported by Fend et al. was adopted.? Round-bottom flask
(25 mL) was charged with ester S1a (94 mg, 0.5 mmol), toluene (4 mL) and a spin bar inside a glove
box (argon). Tris(pentafluorophenyl)borane (13 mg, 5 mol%) was added to the resulted mixture at
room temperature, and the contents of the flask were stirred for 16 h. Upon completion, the flask was
removed from the glove box, quenched with 4 drops of water and concentrated to dryness. The
residue was redissolved in EtOH (2 mL). Water (2 mL) followed by NaOH (80 mg, 2 mmol, 4 equiv.)
were added, and the reaction mixture was stirred for 4h until full consumption of the intermediate
ester (TLC control). The reaction mixture was poured into water and neutralized by slow addition of
0.5 M HCI (2 mL) upon vigorous stirring. Resulting suspension was extracted with DCM (2 x15 mL),
combined organic phase was washed with water and brine, dried over anhydrous sodium sulfate,
filtered, concentrated and dried under vacuum. The dried residue was cyclobutane 4 in a form of a
white solid of high purity.

3-phenylcyclobut-2-ene-1-carboxylic acid (4)
White solid, 69 mg (79%); m.p. = 114 — 116 °C.

COH 1y NMR (400 MHz, CD3sCN): & = 7.42 — 7.30 (m, 5H), 6.32 (d, 3J = 1.2 Hz, 1H), 3.62
| (dt, 3J = 4.9, 1.4 Hz, 1H), 3.07 (dd, 2J = 13.1 Hz, 3J = 4.9 Hz, 1H), 2.93 (dd, 2J = 13.1
O Hz, 3J = 2.0 Hz, 1H) ppm. Resonance for carboxylic H has not been detected.

13C {'H} NMR (100 MHz, CDsCN): & = 174.9, 149.1, 134.8, 129.5 (2C), 129.3, 126.1,
125.5 (2C), 41.9, 33.2 ppm.

HRMS (ESI-TOF) m/z calcd for C11H1102 [M+H]* 175.0754, found 175.0745.

Cyclobutane 4 (0.1 mmol) was subjected to standard electrochemical conditions. After 3 F/mol of
charge had passed, the reaction mixture was concentrated, redissolved in MeCN-ds and analyzed
by '"H NMR. Neither 2a nor 3a was detected in the reaction mixture.
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Electrolysis of 1a in a divided cell.

Figure S7. Divided cell used for the experiment (compartment description: @ 15 mm, L = 45 mm;
spin bar @ 3 mm, L = 10 mm; distance from the spin bar to electrodes = 3 mm; nafion was used as
semipermeable membrane).

Inside a glove box, a compartment equipped with platinum wire anode was charged with acid 1a
(17.5 mg, 0.1 mmol), TBAB (64 mg, 0.2 mmol, 2 equiv.) and acetonitrile (3.5 mL); a compartment
equipped with platinum plate cathode was charged with TBAB (64 mg) and acetonitrile (3.5 mL).
Spin rate was set to 600 rpm. Pulsed electrolysis was performed using a potentiostat and a suitable
software for programming. The following sequence was performed: 20 s pulse of direct current, 6
mA, followed by 30 s resting period, 240 cycles (200 min, 3 F/mol, see Figure S5 for instructions).
Upon completion, the reaction vial was removed from the glove box, the contents of the anode
compartment was concentrated, redissolved in MeCN-ds and analyzed by 'H NMR. Neither 2a nor
3a was detected in the reaction mixture.
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Hydrogen detection experiment

Hydrogen detection test was performed under the best conditions found for direct electrolysis with a
power supply as a source (Table S5, Entry 3). A three-neck round-bottom flask was charged with
acid 1a (35 mg, 0.2 mmol), TBAB (128 mg, 0.4 mmol, 2 equiv.), acetonitrile (7 mL) and a spin bar.
Platinum wire (anode, Figure 1, c¢) and a platinum plate (cathode, Figure S1, a) were mounted
through the rubber septum placed in the central neck so that the distance between electrodes was
5 mm and the distance from the electrodes to the spin bar was 5 mm. The spin rate was set to 600
rom. A two-neck adapter was attached to the side neck of the flask. One neck of the adapter was
connected to the argon inlet, and the other was used to vent the gas from the flask to the detector.
Argon flow was set to 5 mL/min. The reaction mixture was bubbled with argon for 30 min after which
the power supply was switched on with the current set to 6 mA. The reaction was constantly under
positive argon pressure. The evolved gas was analyzed by an online gas chromatograph Shimadzu
GC-8A equipped with a TCD detector in a periodical manner (10 min/cycle). After 60 min, the
formation of hydrogen was detected.

Figure S8. Setup for the hydrogen detection experiment.
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Figure S9. Results of the hydrogen detection test.

33



Deuterium abstraction experiment

Reaction vial (Figure S2, a) was charged with acid 1a (17.5 mg, 0.1 mmol), TBAB (32 mg, 0.2 mmol,
2 equiv.), MeCN-ds (2.5 mL) and a spin bar inside a glove box (argon). Platinum wire (anode, Figure
1, ¢) and platinum plate (cathode, Figure S1, a) were mounted, and spin rate was set to 600 rpm.
Pulsed electrolysis was performed using a potentiostat and a suitable software for programming. The
following sequence was performed: 20 s pulse of direct current, 6 mA, followed by 30 s resting period,
240 cycles (200 min, 3 F/mol). Upon completion, reaction vial was removed from the glove box, the
reaction mixture was transferred into a round-bottom flask and dry-loaded onto Celite (about 350
mgq). Celite deposit was put on top of the layer of basic alumina (4 mL of alumina in a 10-mL plastic
syringe protected with a cotton pad on the bottom). Quick column chromatography with a single
fraction (n-hexane/ethyl acetate 13:1, 30 mL) afforded clean the amount of D-enriched 2a suitable
for analysis.

1.94 MeCN

i

T T T T T T T T T
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Figure S10. 'H NMR spectrum of the crude reaction mixture obtained with 1 equiv. TBAB, 400
MHz, MeCN-ds
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Figure S11. Comparison of NMR data for pure 2a and D-enriched 2a: (a) '"H NMR of partially
deuterated purified 2a obtained with 1 equiv. TBAB, 400 MHz, CDCIz; (b) "H NMR of pure 2a, 400
MHz, CDCIl3; (c) fragment of '3C NMR of partially deuterated purified 2a obtained with 1 equiv. TBAB,
125 MHz, CDCls; (d) fragment of '3C NMR of non-deuterated 2a, 100 MHz, CDCls.
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Cyclic voltammetry data

All measurements were performed under anhydrous conditions in argon-filled glovebox. The cell for
the analysis was equipped with a glass vial (working volume is 10 mL) and Teflon cap, equipped with
O-ring for tight sealing. Glassy carbon was used as a working electrode (circle, d = 3 mm), platinum
wire as a counter electrode, and saturated calomel electrode (SCE) as a reference electrode. All
measurements were conducted in 0.1 M solutions of nBusNPFs in MeCN at a scan rate of 100 mV/s.
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Figure S12. CV trace of compound 1a.
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Figure S13. CV trace of compound 1a in the presence of TBAB.
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Figure S14. Superimposed CV traces.
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Monitoring of changes in electrodes potential

Electrolysis was performed at 0.1 mmol scale with respect to 1a under standard reaction conditions
with SCE as a reference electrode in a three-electrode cell (Figure S2, b). The potential of anode
(platinum wire, working electrode) was measured constantly against SCE. The potential of a counter
electrode (platinum plate, cathode) was periodically measured with a multimeter (Figure S16). The
potential of anode was measured at the beginning of the experiment and then every 16 min (a step

of ca. 0.25 F/mol) up to 2 F/mol, then at 2.5 F/mol and at 3F/mol.
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Figure S15. Chronopotentiometry performed during electrolysis of 1a under standard conditions.

Figure S16. Multimeter used in the study.
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Electricity on/off experiment

Experiment was performed at 0.2 mmol scale with respect to 1a under standard reaction conditions
with 2 equiv. TBAB in 3.5 mL of MeCN-ds. Before running the electrolysis, 100 pL aliquot was
transferred to NMR tube, diluted with 400 yL of MeCN-ds and analyzed by 'H NMR to assess the
initial integral ratio between the resonance of two equivalent protons in CHz groups of 1a at 2.88 ppm
(singlet) and the resonance of terminal methyl groups of TBAB at 0.96 ppm (triplet, 3J = 7.3 Hz,
12Hx2). The ratio was determined to be 1:17 (0% conversion), which was used for further
calculations of 1a conversion. During pulsed electrolysis, the process was interrupted every 33 min
(ca. 0.25 F/mol) for another 33 min until 0.75 F/mol charge passed. The aliquot (100 uL) was taken
at the beginning and at the end of every 33 min resting period. The aliquots were diluted with 400 uL
MeCN-ds and analyzed by "H NMR. The integral ratios of resonances of the same protons used for
initial calibration were used to determine the conversion of 1a.
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Figure S17. Progress reaction monitoring: (a) 0 min; (b) after 33 min of electrolysis; (c) after 33 min
of electrolysis + 33 min resting period; (d) after 66 min of electrolysis; (e) after 66 min of electrolysis
+ 33 min resting period; (f) after 99 min of electrolysis; (g) after 99 min of electrolysis + 33 min resting
period; '"H NMR, 400 MHz, CD3CN.

40



Control experiments with styrenes

Experiments were performed at 0.1 mmol scale with respect to styrene S2 and S4 under standard
reaction conditions with 2 equiv. TBAB in 2.5 mL of MeCN. Upon completion, the reaction mixtures
were analyzed by GC-MS. In case of reaction with S$2, the obtained GC-MS data was compared with
data obtained for the authentic samples of possible brominated products.
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Figure S18. GC-MS data for the control experiment of styrene S2.
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Figure $19. GC-MS data for the control experiment of styrene S4.
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7. COMPUTATIONAL STUDIES

Computation details

All computations employed density functional theory (DFT) implemented in the Gaussian 16 (C.02
version) suite of programs.® Geometry optimizations were carried out with the Long-range corrected
hybrid density functional with dispersion correction (wB97xD)."® Ahlrichs’ split valence plus
polarization basis set (def2-SVP) was used for geometric optimization for all atoms."" The frequency
analyses were executed on the optimized geometries at the same level of theory to confirm the
nature of stationary points on the potential energy surface either as minima or the transition states
characterized by first-order saddle points and to obtain the thermochemical energy values. The
minima were identified by having a full set of real frequencies, whereas the transition states possess
only one imaginary frequency. The transition states search was conducted through a potential energy
surface (PES) scan of the relevant bonds and subsequent optimizations were performed by utilizing
the default Berny algorithm, implemented in the Gaussian 16 code. Intrinsic reaction coordinate (IRC)
calculations were enforced to ensure that the transition state connects the corresponding real
minima.'? Single-point calculations were performed on the optimized geometries with the higher
basis set (def2-TZVPP) basis set on all atoms to improve the accuracy of the energies obtained.
All calculations, geometry optimization and single point, were performed in acetonitrile solvent (¢ =
35.688) and evaluated by a self-consistent reaction field (SCRF) approach using the SMD continuum
solvation model."® Tight wave function convergence criteria and “ultrafine” (99,950) grid were used
in numerical integration during all theoretical calculations. Unless specified otherwise, free energy
values, AG, are used throughout the text. The AG value is obtained by augmenting the in solvent
electronic energy, AE, calculated at the wB97XD(SMD, acetonitrile)/def2-TZVPP level, with the
corresponding free energy corrections calculated at the wB97XD(SMD, acetonitrile)/def2-SVP level
in gas phase.

Redox potential Calculations

The following equation (S1) has been used to calculate the standard redox potential (E{'j‘zl)

AGre
Ei‘;g = - an — Erer (81)

where AG,.q is the free energy change of reduction process, n represents the number of electron
transferred, F is the Faraday constant (23.06 kcal volt' g-') and Erer is the standard potential of the
reference electrode. The value of Ereris 4.4 V for standard calomel electrode (SCE) and 5.6 V Pt(111)
electrode respectively at 298.15 K in acetonitrile solvent.
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%) in bridging bond of intermediate A and B.
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Figure S21. Energetics of HAT from TBAB to intermediate C. The reported energy values were
calculated at wB97xD(SMD, acetonitrile)/def2-TZVPP//wB97xD(SMD, acetonitrile)/def2-SVP level

of theory.
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Figure S22. Energetics of reduction of C and followed by hydride transfer from MeCN. The reported
energy values were calculated at wB97xD(SMD, acetonitrile)/def2-TZVPP//wB97xD(SMD,
acetonitrile)/def2-SVP level of theory.
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Figure S23. Energetics of bromo lactone 3a formation. The reported energy values were calculated
at wB97xD(SMD, acetonitrile)/def2-TZVPP//wB97xD(SMD, acetonitrile)/def2-SVP level of theory.
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Cartesian coordinates (A) of reactants, product, intermediates and transition states at
wB97xD(SMD, acetonitrile)/def2-SVP level of theory. E represents the electronic energy in Hartree
at wB97xD(SMD, acetonitrile)/def2-TZVPP level of theory.

1a

23

E: -575.639643158
C 1.315267 0.526010 -0.076705
C 1.080956 1.877070 0.585900
C 1.852904 0.801337 1.289689
C 1.739839 1.788136 -0.754836
H 2810566 2.021431 -0.813163
H 1.147610 2.118746 -1.613120
H 2933113 0.951133 1.412960
H 1.358648 0.306065 2.130375
C 0.297586 -0.459135 -0.489991
C -0.315769 -0.373568 -1.749416
C -0.089269 -1.490957 0.378704
C -1.303819 -1.283958 -2.119785
H -0.014443 0.407722 -2.450290
C -1.077255 -2.400165 0.004736
H 0.391399 -1.588987 1.354437
C -1.691221 -2.299061 -1.244124
H -1.771449 -1.200843 -3.103795
H -1.365532 -3.197231 0.694264
H -2.463364 -3.014011 -1.537608
C -0.269708 2.381728 0.847409
O -0.926555 3.019129 0.056598
O -0.722262 2.033447 2.055637
H -1.635555 2.357669 2.133498
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1.242941
1.076302
1.737972
1.582406
2.665567
0.978940
2.834158
1.271641
0.265818
-0.291843
-0.125212
-1.219073
0.015346
-1.053596
0.309772
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-0.224481
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0.452455
1.950593
0.781737
1.773601
1.938174
2.149032
0.864179
0.312424
-0.504567
-0.461026
-1.536196
-1.411379
0.321189
-2.479634
-1.583542
-2.417803
-1.379175
-3.271733
-3.166064
2.585447
3.259080
2.332729
2.772187

-0.124970
0.625496
1.255578

-0.755714

-0.863602

-1.586825
1.315489
2.126023

-0.519227

-1.824462
0.374868

-2.210217

-2.520403

-0.024683
1.374366

-1.313076

-3.211742
0.661126

-1.623482
0.980639
0.202878
2.231842
2421470
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C 1.223481 0.442989
C 1.039024 1.935485
C 1.690919 0.749137
C 1571764 1.780078
H 2657329 1.940683
H 0981172 2.171980
H 2.787939 0.809701
H 1.201405 0.265529
C 0.255381 -0.522409
C -0.277833 -0.457312
C -0.145650 -1.572489
C -1.196516 -1.405778
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H 0.269033 -1.640876
C -1.593600 -2.434428
H -1.607482 -1.347483
H -1.373604 -3.323398
H -2.316736 -3.179061
C -0.217807 2.640892
O -1.311001 2111377
O 0.095725 3.719243
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-0.794407
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1.385804
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-1.845189
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-0.120439
1.323551

-1.412458

-3.282405
0.546873

-1.752765
1.128524
0.927368
1.661024

-0.270339
0.563237
1.154094
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-0.258699
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0.636455

49



O OO T T T O I OIOOH OO T

C-TS

28

2.021842
1.662248
2.150734
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1.605813
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-2.624497
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3.733029
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0.916865
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1.928287
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-2.888188
-2.740098
-0.934258
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-0.420686
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-0.236990
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3.369537
3.654444
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2.291802
0.446460
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-0.953066
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-2.771778
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4.685572
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3.910368
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5.132248
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-3.531050
-2.413549
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0.461368
1.743437
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2.958586

1.110839
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4.044545

-0.063298
1.073460
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9. COPIES OF NMR SPECTRA FOR ALL NEW COMPOUNDS

@%OZH

1a
H NMR 500 MHz, DMSO-dg

—11.843

— 3.332 water
— 2.500 DMSO

— 2.872

100 -

4,00+
1.00%

1.550

T T T
125 12.0 115

@Mcozﬂ

1a
3¢ {"H} NMR, 125 MHz, DMSO-dg

170.24
—133.92
12840
Z 126,69
N\ 125.92

75 7.0

6.0

"\-39.52 DMSO
357
3167

T T
200 190

T
120

T
100

65

23.21



veST—

vee”
OSWa 0052 -~
W8T~

191eM G9E'E —

€L
EvTL

6zT’L w

6vT'L

66LTT —

COH

Me.

1b
"H NMR 400 MHz, DMSO-dg

garLe—
L —

6T L—
6vTL —

F66'T

=00
00T

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

40 35 30 25 20 15 10 05 00 -0.5 -1.C

50 45

5.5

8.0

9.0 85

0L0C —
S8 —

1616~

65— -

OSWQ ZS'6€ ~_

98'STT — -

90°6ZT ~ —_—_

YLOET —

S0'9ET —

YEOLT —

CO,H

Me.
1b
3¢ {'H} NMR, 100 MHz, DMSO-dg

130

160

140

150

180 170

190

66



0S9°T —

0OSWa 00S'C —

696 —

1918M 66E°E —

F3C.

¥SS'L
SLS°L

199°L w

889°L

€€0°CT —

COH

o

“

pSSL— - B
SL8°L— -
199'L — =
889°L — - L
®
?
o)
(2]
=
a
£
2 E
(=]
(=]
<
o
s
4
I

7.75 7.70 7.65 7.60 7.55 7.50 7.45

F00C

=00C

=00T

00T

90

Len

6LV —
T9°0€ —

08'5E —
OSWA 25°6€ —

seozt
so'eet
TSt
szser
8Z'SZT
ze'ser
SLSTT
85921 ~F
68921
e
fawras
Sv'8eT
6V'6ET —

+8'69T —

COH

F3C.

1c
3¢ {"H} NMR, 100 MHz, DMSO-dg

SE°0ZT —

S0°€TT —

TS
Fratas

8T'serT \“
Nm.mwa\\
SLSTT

85921 *
mm.ww.—\\‘
ﬁN.NNa\\\

s
SH'8ZT \

180 170 160 150

190

67



tBu & 2
- g 3
CO,H g 25E8 g2 g 8 5B
- MmN 0 @Q 10 n o
B R 4 a3 |
Y | I [
1d
H NMR 400 MHz, DMSO-dg
RS <o
3 8 ] 8
R R
I [
750 745 740 735 730 725 7.20 7.15 7.10
1]
M
| -
5 ESY d d 4
N S° S S S
3 S| 3 3 &
T T T T T T T T T T T T T T T T T T T T T T T T T T T
13.5 13.0 12,5 12.0 11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5
tBu g
w0 o N 1o 3]
CO,H S o S B asgsa R
g s a8 88 gusHas &
| I\ NN |
1d
3¢ {'H} NMR, 100 MHz, DMSO-dg
|
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

68



09T —
OSWa 0s'zc —

06—

199eM 6EE —

€L
veEL V

LT
8v'L \

66'TT —

O,H

1e
H NMR 400 MHz, DMSO-dg

F;C

€L — -
vEL— -

WL —
8L —

7.2

7.3

7.4

7.5

7.6

o0z

00T

ooz
Fooz

T T T T T T T T T T
50 45 4.0 35 1.5 1.0

T T T T T T T T T
9.0 85 8.0

-0.5

0.0

0.5

2.0

2.5

3.0

6.0 55

6.5

7.0

7.5

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

09°€C —

vL0E—
69°SE —
OSWA 25°6€ —

8C9TT —
S8'8TT —~
YT =
[ ras
Y6'ECT 4
oL LT —

6LEET —

TTLPT —

TroLT —

F3C

CO,H

1e
3¢ {"H} NMR, 100 MHz, DMSO-dg

140

120

130

180 170 160 150

190

69



S§'T—

OSWa 0s'c —

98—

1)eM Ob'E —

vIL
mﬁm%
6T°L

8L~

6€L
6EL
W

06'TT —

O,H

1f

"H NMR 400 MHz, DMSO-ds

YrL—
LrL—
6T L—

£
PAS
6EL~,
WL 7

00T

=00

00T
00T

13.5 13.0 125 12.0 11.5 11.0 10.5 10.0 9.5

0.0 -0.5

0.5

9.0

6T —

8T'TE 7
L5°6E —
OSWQ 25°6€ N

8TSTI~
05'STT ="
8'et

96'TT AN

TT0ET N.

bCOET

0zZ'09T —
19291 —

8C0LT —

O,H

1f

3¢ {"H} NMR, 100 MHz, DMSO-dg

160

140 130 120 110

150

170

180

70



cl 5 2
o g 3
CO,H g 2R3 2 2 8 2
- mmm L} «© n n
B g 58 A 2
N [
19
"H NMR 500 MHz, DMSO-dg
|
- J
g g 3 g
o < S <
3 3 3 3
T T T T T T T T T T T T T T T T T T T T T T T
13.5 13.0 12,5 12.0 11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5
2
=
o oo NN a
8 ]2UR S e ow w
e =N h o9 ©
cl 5 LERE a8 8 7
| VN [ |
CO,H
]
3¢ {'H} NMR, 125 MHz, DMSO-dg
|
[ \ J
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10



8I8'T —

S8CCT—
OSWQ 00S'C —

TS8°C—

d9)em ZLeE —

£€50°L
89072
EET'L
(3494

ovL—f
16T°L
ace
e

0€8°'TT —

COH

1h
"H NMR 500 MHz, DMSO-dg

Me’

€50°L —
890°L —

gers 7
o1
oLTL—
16T L~
AN
TN

7.00

720 7.15 7.10 7.05

7.25

001
Fooe

13.5 13.0 125 12.0 11.5 11.0 10.5 10.0 9.5

-0.5

0.0

0.5

9.0

101 —
vIeEe—

og1e
97sE—
OSWa 25'6€

ETECT ~
Tos X
ve'ger
€8'€ET —
95°LET —

€E°0LT —

COH

Me'

1h
3¢ {"H} NMR, 125 MHz, DMSO-dg

T T T
120

130

-1C

110

170 160 150 140

180

72



TEST —

OSWQa 00S'C —

858C —

19)eM €6€°€ —

obLe—

918'9
wmm.o/
289\

016’97
0€6'9 \

ozeL
6ET°L

6ST’L

S88°TT —

COH

1

"H NMR 400 MHz, DMSO-d;

MeO

_

J

9T8'9 ~_
9€8'9 —
89—
016'0 —
0£6'9 "

022’2~
6ET L —
652~

70 69 68 6.7

74 73

72 71

=00€

To.m

-0.5

0.0

0.5

9.0

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

6C°E€T —

51/
6b°'SE —
0SNG €5°6€ ~\_

80°SS —

B9 TTIT ~L
war

8€8TT —

§5°6CT —

Y9'SET —

SE65T —

8T°0LT —

COH

1i

3¢ {"H} NMR, 100 MHz, DMSO-dg

MeO

170 160 150 140

180

73



LLST—

0OSWa 00S°Z —
806 —

d9)em €8€°€ —

8v0°L
1S0°L
SS0°L
990°L
TL0°L
80°L
680°L

8T°L
S8T°L
ToTL
0T,
WeL
8SEL
T°EeL
YLEL
98€°L

696'TT —

OH

1

"H NMR 500 MHz, DMSO-dg

8¥0°L
1S0°L
§S0°L
990°L ~—
TL0°L *
80,
680°L
81°L
S8T°L V
L7
L0TL \

WeL
8SEL -
el ~
bLEL \
98E'L

F00'T
=00
00T

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 95

9.0

10—
L6°0€
66°0€ v
0L'5€ —
OSWQ 25'6€ —

oz
08CIT

9P'ETT
£9°€TT \
817zt
ozeer v
LEOET v

PP 0ET

8T'LET
PELET v

9€°T9T —
0€°€9T —

€0°04T —

COH

1

3¢ {"H} NMR, 125 MHz, DMSO-dg

120

150

130

140

170 160

180

74



-1C

1k
"H NMR 500 MHz, DMSO-dg

F;C

1
roe
:
=
=
1
=l
e
M=
n
Fe
99T — =00 0zbz —
<
N
9905 —
n
OSWa 0057 — - F i 56—
o  OSWazseE—
867 — =00Z oy
129eM Z8E°E — - 1
[
<
<
26021 —
n €reer
F< or'zer
61°CeT
o ceen
[ coeer /f
szezt
in 6z°€CT
run TE'€TT
se'€et \
o Sz'seT
"o
n ez —
el
S0'62T
o TE'62T -
TsS'L N o 95621 —
. 26021
195, erezt 18°621 \
[ n pcts £0°0€T
€652 0z [N .
. . [ ad
809, 0 .
. zzeer
9L o .
. g 60'€2T
859'¢ o .
by szeet
n 62°€2T
Fos 1e'€et
Ve se'eet
szser
wssL S .
L, F o TrLet /
MMM.M so'6t /
£~ n 1621 /
€652~ Fo 95621 ~x =
809 \ 18°6zT \
=] £0°0€T
re 50°9€T —
n
re
wot””
859°L — e
€L9L~_ =]
n
b
=
<
20T — so [N -
. :
re 86'691 — »
o I =
I Les R a
& ] w N
8 [ =
— x ©
- N
o
g '3
=
z
-~
I
-
(6]
o

F3C

75

120

T T T T T T
160 150 140 130

170

180




LL8°T—

OSWQ 00S'C — -

816'C —

Jo)1em £6€°€ — .

06T,
60€°L
9zeL
LEEL
95€°L
SLEL
60v°L

7.25

o6zL "
60€°2 —
oeeL—
gL —
osEL ~
SLEL~

7.35 7.30

7.40

60b°L —

7.45

L66°TT —

COH

Cl

1
"H NMR 400 MHz, DMSO-dg

00T

=00

Foov

T T T T T T T T T T
8.0

-0.5

0.0

1.0 05

40 35 30 25 20 15

4.5

5.0

5.5

6.0

7.0 6.5

7.5

8.5

9.0

13.5 13.0 125 12.0 11.5 11.0 10.5 10.0 9.5

w0ve—

9L°0€ —
69°SE —
OSWA 25'6€ —

ULVl —F
bS'STT \
so9ct,
8Z'0ET

zeeer
66'9ET ~

10041 —

COH

Cl

11

3¢ {"H} NMR, 100 MHz, DMSO-dg

T T T
160

170

150

180

190

76



Me & 2
] =
o 2 =}
8 g% S 532 S
- o A QN n
CO,H d R - BN -
Me \/ | 2NN I
1im
"H NMR 400 MHz, DMSO-dg
J g3 O d
N =] 5] =] S
3 33 3 3 3
T T T T T T T T T T T T T T T T T T T T T T T T T T T
13.5 13.0 12,5 12.0 11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -0.5
2
=
[=}
a IR R BE 25
e g 58 8§ 8 B S8
| (N 2NN I
CO,H
Me’
1im
3¢ {"H} NMR, 100 MHz, DMSO-dg
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0



L0S°T — -

OSWQ 00S'C — -

8€8'C — -

199em 8GE'E — -

9uLreE— )

£€6€9 ~— _—
9~ -

¥88°'TT — =

O,H

OMe
in
H NMR 400 MHz, DMSO-dg

MeO

=00

=00

=009

=00'T
00T

0.0 -0.5

0.5

9.0

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

YTEe—

T7e 4
L5°G€—
OSWQ ZS'6E ~\

61°SS —

8986 —

£THOT —

TH9ET —

8+°09T —

61T°04T —

OMe

COH

1n
3¢ {"H} NMR, 100 MHz, DMSO-dg

MeO

T T T T
130 110

140

120

170 160 150

180

78



0€6'0 —

116'T
966'T V
600'C
220 7
€89'
969' W

60LT

90T°L
81T°L
0ET°L
1L
SLTL
Yoz’ L
91TL

6L

CO,Na

10
H NMR 600 MHz, D,0

L~
L —
e
9T L~
anL—
0TL~C
L —
€L

water suppression
presaturation at 4.8 ppm

6.9

7.0

7.1

7.2

7.3

89C
on.m/

LTS

T T T T T T T T T
27 26 25 24 23 22 21 1.8 1.7

20 19

—00

—00C
=00

=00

0T
0

JOQ,N

T T T T T T T T
13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

0.0 -0.5

0.5

9.0

0Lyl —

0S4~
w06 —

W0vE—
§5°9€ —

86'SZT ~_
05°8ZT
99821 v

Uyt —

°6°08T —

CO,Na

10
3¢ {"H} NMR, 100 MHz, D,O

170

-1C

150 140 130

160

180

190

79



Br.

— 3.379 water

— 2.500 DMSO

COH 2 P 8 X
- ninmN @ v
= RGN 3 2
N \
1p
H NMR 400 MHz, DMSO-dg
<3z oo
o3 a R
R R
Il I
| |
| |
[
T T T 1
7.5 7.4 7.3
| L_JLI_/
A N X
4 44 2 4
@ S S S S
b 3a J ]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
13.5 13.0 12,5 12.0 11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 1.0 05
Q
8
=
o
3 L3y g S <
S ] @ 2 i ) N
Br: g 888 £ ans a
rA AN |
CO,H
1p
3¢ {'H} NMR, 100 MHz, DMSO-dg
| |
‘ ' "
T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

80



UST—

OSWQa 00S'C —
e —

J29em £9€°E —

oL
98T°L
ToEL

YSEL~—

0LEL -z
0Ep’L
bL

8ES'L

€00°2T —

COH

1q
"H NMR 500 MHz, DMSO-dg

Br

0LTL~
98TL—
1€ "
PSEL~
oeL—
0Eb'L ~
Wb L

8ES'L—

o0t
2001

0T

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

0.0 -0.5

0.5

9.0

w0 —
S9°0€ —

99°S€ —
OSWQ 25'6€ —

68°TCT ~
E1°STT
Te8TT

fs6tT
15061 =

e —

L6'69T —

CO,H

Br

1q
3¢ {"H} NMR,, 125 MHz, DMSO-dg

150

180

-1C

130 120

140

160

170

190

81



L6S°T—

0OSWa 00S°Z —

S8 —

193eM 60°€ —

SPT'L
1L
8T°L
90T,
9L
9LTL V
£€6C°L
TIeL
9HEL
99€°L
98€°L

Wwrer—

O,H

F

1r

"H NMR 400 MHz, DMSO-ds

SYT'L

€91, M
8T°L—
907L—
9L

oL AY
€60°L—
e
9EL “
99,

98€°L 7

F00C

=00

wrie—

€L9¢—

9T°LE —
OSWQ 25'6€ —

€8'STT~
S09TT
seTer
LE°12T V.
PSHTT
LS'vTT V

89'8CT
9L°8CT
LT6TT

0€'6CT

56°65T —
0b'29T —

oL —

F

O,H

1r

3¢ {"H} NMR, 100 MHz, DMSO-dg

€8'STT ~
SO°9TT

STTTT ~
g1z

bSHCT
LS'¥CT v

89°8CT
9L°8TT V

LT°6CT
0€°6ZT N.

T T T T T T
128 126 124 122 120 118 116

T
130

150

140

170 160

180

82



$S9'T —

OSWQ 00S'C —

SE0°E—

129em 08€'E —

6vb'L
9L
06v°L
S6b°L
T18°2
8¢S°L

658°L
088°L
S68°L

6T6'L

U8 —

O,H

OO _

H NMR 400 MHz, DMSO-dg

1s

6vt'L
9L W
062~
Sev'L
118’2 *
8eS°L

6582~
088'L —
seg's
626’2~

=00

=007

9.0

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

99°€C —

ree””
1956 —
OSWA 26°6€ ~\_

TLeet
86421
mn.mwﬁ/
9b'92T &
YELIT

L57LTT \

£€6'LCT
SLTET
£6°TET
66°CET

L30T —

3¢ {"H} NMR, 100 MHz, DMSO-dg

1€ —

86'4¢T —
EL°STT ~
9921 ~_
veL2T

Lsiar
£6°L2T —

SLTET —
£6°TET
66°CET —

120

160

140 130

150

180 170

190

83



£E8'T —

OSWQ 00S'C —
99T —

d9em 18€°€ —

6E€°L
€56
Lyl
9L
8LY'L
TWS'L
955°L
€L5'¢
165°L
$09'L
958°L
uUs'L
156°¢
5627
£EEB
6vE8~

29€°CT —

O,H

<d

1t

H NMR 500 MHz, DMSO-dg

A

e

B6EEL

AN
VA2 A

219 V
8L¥L—
9552 ~_
€50 —
652~

958'2 ~
usL="
1S6'L~
196'2 ="

EEEB
6bE8 "

.3

o

=00

=007

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

0.0 -0.5 -1.C

0.5

9.0

80—

S0'8C —

ET6E~
OSWa 25'6€ =

veeer
P /
se'ser
L0°921 W

0b'9zT -

€521
[AR:141 \

¥6°0€T
ES°EET \

8G'EET

LU —

3¢ {"H} NMR, 125 MHz, DMSO-dg

pewT —

Aaza%a
SESTT ~
L0921~
0b"9ZT ~

€5 —

29'8¢1T —

b6'0€T —

£5EET
8SEET

132 130 128 126 124 122

134

‘ |

170 160 150 140 130

180

84



NOBW ¥6'T —

191em 817 —
e
€LT
vLT
ST
9T
we
e
S0°€
S0°€
90°€

WL
(A4
€L
vl
SvL

2a
H NMR, 500 MHz, CD,CN

7we

€L %
YLTNC
9T~

2T
i

S0°E v

S0°€
90°€ 7

0T
0T
=001

T T T T T T T T T T T T T
80 75 7.0 65 6.0

13.5 13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

50 45 4.0

5.5

8.5

9.0

NOBW 12T —

ey —

WIS —

05’16 —

NOOW 9¢'81T —

P6'9TT ~
£5°62T
10061~

¥6'SET —

T6'8LT —

o
2a
3¢ {"H} NMR, 125 MHz, CD;,CN

140

130

180 170 160 150

190

85



(o]
_-130.01
N 120.53
~ 126,94

51.46
43.44

2a
13 {"H} DEPT-135 NMR, 200 MHz, CD;CN

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

2 |

HSQC, CD;CN

A o Lo

r10

20

<30

k40

50

60

70

80

90

r 100

r110

r120

R — k130

140

150

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

86

f1 (ppm)



2a
HMBC, CD;CN

E—

L

%a@

0 e 0
g 0
v D
T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

87

10

r20

r30

40

r 50

r 60

70

80

90

100

r110

120

130

k140

150

160

170

180

r 190

F200

f1 (ppm)



NOSIW

0v6'T 4

199em 8y1°T —

Me:

PSET_

e
6ELT W
VLT

s20°e
T€0°€ W

8€0°E

SYT'L
S9TL~N

oL
62€L 7

2b
"H NMR, 400 MHz, CD,CN

SYTL—

S9TL—

oreL —

6CE€L —

7.25

7.30

7.35

=00'€

oot

=00'T

3.0

4.5

5.0

L
[

]
re

NOPW £2°T —

YT —

TSEr —

SPIS —

6576 —

NOPW 9Z'8TT —

86'9C1 ~
PT0ET —
TUEET ~

LT0PT —

86'8LT —

2b
3¢ {"H} NMR, 100 MHz, CD;CN

160

150

170

180

88



NOSW

Joem

F3C.

06T —
ST —
Vx4
0€L°T
VELT
LEL'T
vrLT
T9LT %
18T
£L18°C
8¢8'C
£€8°C
8€8'C
EV8'C
8¥8°C
658'C
598'C
£80°€
880°€
60°€

8C9°L N

L —
YSLL—F
0LLL 7

2c
H NMR, 500 MHz, CD;CN

879°L — =

oL — -

YSLL— -

0LLL — =

7.80 7.78 7.76 7.74 7.72 7.70 7.68 7.66 7.64 7.62 7.60

e
€Lt /
LT~
[7a4ga
vLT “
9Lt
18T
;T
€87 —

gz f
+8°C
87
8

98T
98'C

3.10 3.05 3.00 295 290 2.85 280 275 270

=00C
=00C

00T

=007
=00

NOPW 92'T —

NO2W

SSEr —

wrIs—

0506 —

9811
16° 12T
£0'v2T
wwct
8v'9CT
05°9¢T
89Tt
95°9¢T
6L/L2T
8€°8CT V
68°0ET —
YI'TETD
b’ TET
99°TET
0TopT —

TEBLT —

F3C

2c
13C {"H} NMR, 125 MHz, CD;CN

96'1ZT —

e —

8C'9CT
€592 /
95921
65'91 \.
7991
8T —
8T —

V6'0ET
0T TET ~
9v'IEL
TLTET 4

T
125

T
130

120

140

130

190 180 170 160 150

200

89



L0€°T —

NO®W 0¥6°T
2em pL1°C /
0oLz
TiLee
€eLe
LeLe
ovL'e
wpLT
0SL°T
£SL°T
°€0°E
bE0'E W.

6€0°E

85€°L /

SLEL—
8Y'L—7F
66v°L 7

tBu

2d
"H NMR, 500 MHz, CD,CN

8SE°L—
SLEL—

€8Y'L—
66b°'L —

002
TieT /
€eLe

e W
0vLT~

vhi e f
052z

€SL°T

€0e
vmo.mw
6€0°E

=006

Fooy

90T

=00C
00T

NOPW £2°T —

oF'TE—
0€'SE —

£5°€r —

WIS —

w616 —

NOPW 9Z'8TT —

TS°9ZT ~_
08971~

STEET —

STEST —

66'8LT —

2d
3¢ {"H} NMR, 125 MHz, CD;CN

140

180

130

150

160

170

190

90



NO®W 0¥6'T —
o0 £4TT —

T0LC
JAYA4
TeLe
82LT

TELT
8.7
69LC u
vLLT

8.2
687 ]
1647
Y647
66.°7 ]
1087 |
s08'7 ]
918 A
8T

190°€ A
990 |
120°€

SSEL
T°EL
ELEL
8¢SL
€ESL
8ES'L
LS'L
18872

F3CO

2e
H NMR, 500 MHz, CD;CN

9L~
AN
80

€52
€5°L V
vS'L—

SSLT
by \

7.50 7.45 7.40 7.35

7.55

oLz
we
we
€T
€L
SLt
e /
e /
64T
6LT—=
64T
6LT
08
08'C
08
[4:x4
[4:x4

00T
00

5.0 4.5

5.5

9.0

9.5

NO®W 9Z°'T —

0S'€r —

89S —

14506 —

NOOW 9C'8TT ~

0b'02T ~
ST -7
fa graas *
Lyt

L0621 —

YTGET —

6C°0ST —

6+'8LT —

o
[e)

FiCO

2e
3¢ {"H} NMR, 125 MHz, CD;CN

121

119 118 117 116

120

124 123 122

125

180 170 160 150 140

190

91



NO3W 0v6'T —

191em STz —
80L°C
(4744
6TL'T
€eLe
YEL'T
8ELT
8T
(4744
9sL'T
€9LC
89L°C
£V0'E
8+0°E
£50°€

9ST°L
woTL
991°L
SLVL
081°L
¥8T°L
€6T°L
LeT'L
€0T°L
L
sv'L
9Sb'L
£9p°L
oLy'L
OLv'L
08v°L
98v'L

2f
'H NMR, 500 MHz, CD;CN

7we
we
wut—rz
we \
€LT
vt
SLT
SLT
9T
9Lz

e
HO'E
soe
soe
9T'L
L
8T'L
8T'L
8T'L
6L~
0TL x
0TL
Sb'L
oL
WL
'L
8b'L ~E
L

o

3.1 3.0 29 28 27

75 74 73 72 71 7.0

u

o0t

00T

8.0

8.5

NOPW 92'T —

Ov'Er —

€515 —

5806 —

TE9TT
8b'oTT
Noow 92811 <

6T°6CT
9€'6ZT V.

LTeet
0€°CET M.

96'C9T —
69T —

£9°8LT —

2f
3¢ {"H} NMR, 125 MHz, CD;CN

110

140

120

130

180 170 160 150

190

92



NOSW 0¥6'T
1918M /T2

Cl

2892
669°Z |
200
60£° |
€14
6247
€bLT
8.
657
€97
8922
€LLT
6LLT
68LT

s6L7~

8S0°€

L
SL
(e s
8L
EEP'L
8hb'L
ESP'L
T9%L
9L
ELY'L

W

8+0°E
£S0°€ W

29
"H NMR, 500 MHz, CD,CN

89C /
oLe

oLre V
we-rg
7Lz *

€Le

WL

SbLN
SY'L-F
2&\

L

=00
00T

=00'T

NOPW 92'T —

NO2W

Cl

8b'eEr —

09'TS —

e —

9Z'8TT —

18'82T ~
99'621 =

S8PET ~_
wser

SS8LT —

29
3¢ {"H} NMR, 125 MHz, CD;CN

180

170

190

93



NOPW O¥6°T ~
1eM bST'T
£9€CT /

669°C
60LC
seLe
E€vLT V.

¥SLT

8E0°E
wo'e v

61T,
(4342
'L

UTL—

60€°L
veeL

6EE’L

Me'

2h
"H NMR, 500 MHz, CD;CN

U

oL

LT~
wr—
E.N w

SLT

we

€L V
VoL
8TL—
1€L—
ng *

vEL

2.8

2.9

3.1

=00'€

00T

0T

0'T
M/do.ﬁ

8.5 8.0 7.5 7.0 6.5 6.0

9.0

NO®W £Z°T —

6212 —

8v'Er —

8 TS —

9516 —

NOPW 9Z'8TT —

0¥ ~
6541 ~\_
6¥°6CT ~_
0L°08T —
L6'GET —
8p'66T —

T6'8LT —

M¢'

2h
13¢ {'H} NMR, 125 MHz, CD;CN

130

140

170

180

150

160

190

94



NO3W 0¥6°T
129em 091°Z N
e
E1L°T
€eLT
8ELT
8SL°T
¥9LT
69T
LEO'E
wo'E W.

8¥0°E

£08°€ —

656'9
9469 /
€00°L—
810°L
ovEL
98€L W

TLEL

Me

2i
H NMR, 500 MHz, CD;CN

wLre
€1LT /
EELT~E
8sLT T
von.N“\
69L°C
LEO'E

wo'E
8K0°E —

£L08°€ —

656'9 /

9L6'9 ~
€00°L -7
810°L \

ovE'L
9SE'L /
TLEL~E

2.8 2.6

3.0

6.8 4.0 3.8

7.0

7.2

—00°€

00’1

2.0

NOSW 92T —

WEr —

851 —

96'SS —

YET6 —

8711 —
SSSTT~C
NOSW 9Z'8TT ~_
60°6TT —

08°0ET —

EG°LET —

T8°09T —

6L'8LT —

(o]
2i

Me!

3¢ {"H} NMR, 125 MHz, CD;,CN

160

150

180 170

190

95



NOSW 0¥6°T —
J39em £5T°7 —

989°¢
LT
9042
€127\

it
€€LT ﬁ
2907

29077 ﬁ
80

¥8L2
887
267
8647 ]
608
5187
250°¢
290°¢
90°€

[
16172
0972
SOT°L
9T A
181°L
S6T°L
86T°L
00z'L /r
viesf
1L
€eeL

v9T'L -]

6z

oL
ssv'L ]
09°L |
2
Sty'L
8L

F

2
"H NMR, 500 MHz, CD,CN

00T
=00

=001

Hooz
oot

F00'T

NOBW 9T°'T —

8b'Er —

ELTS—

9506 —

6Tt
TTPIT
LTI~
88911 *
NO°W 92'8TT

L6t N

66'7CT

£9°TET v

0L'TET

LS°8ET
€9°8€T v

89291 —
99T —

br8LT —

o}
?j

F

3¢ {"H} NMR, 125 MHz, CD;,CN

160

140 130

150

180 170

190

96



NOPW O¥6'T —

19%em 0917 —
6elC
VLT
LT
5Lt
ssT
soczf
918
08
0£8'
¥E8°T
868°C
W8T
948
958
098°
€80
80
260

1€9'L
VoL
£59'L
(YA

YLl
T€L°L
oL L

LSL°L

F;C

2k
"H NMR, 600 MHz, CD,CN

=00
00C

o001

=00'T
Fooe

NOSW 92T —

§er —

ELTS—

506 —

NOSW 9Z°8TT
weer
st o
88°€21
16627 |
vt o
20971
02921 1
€071
52921
81971
2821
09°0€T
£€8°0€T
56061
1761
SETET \
95°1€T

et —

T r——

€E°8LT —

F3C

2k
13¢ {'H} NMR, 150 MHz, CD;CN

do

L

120

160

140 130

150

170

180

97



NDOW 0¥6°T
Ja1em /ST°2 4
989°7
0L
90£°7
€147
9127
€T
09£°7
S9£°T
9L£°T
08L°C
807
98L°C
16£°7

——

9647\ W
£08°T
€187~

SS0°€
8S0°€
T90°€

990°€

E€LE°L
9LEL
08€'L
S8€L
T6E°L
Y6EL
66€°L
worL
2L
6Th'L
YEV'L
8EV'L
B6EY'L
uUv'eL
SIv'L
LUv'e
8p°L

Cl

2
"H NMR, 500 MHz, CD;CN

0Le
7we /
e~

we"

8LT
3

8LT
8LT
6LT
64T

08T

90°€
90°€ W
90°€

8€'L
6€°L
6€°L
&L
V'L
&L
'L
L
'L
8b'L W
8v'L

=00C
00T

=00'T

0°T
oo

)oo.ﬁ

T
8.0

8.5

NORW £T°T —

6v'Er —

69°'1S —

8v'06 —

UDSW 9Z'8TT —

S§6°6ZT —
vrcer -
€0°0ET ~ 1
verer
00°SET —
TT8ET ~

TH8LT —

2
3¢ {"H} NMR, 125 MHz, CD;,CN

Cl

140

130

180 170 160 150

190

98



UD9W 0¥6°'T
J91em 641°C

91€T /
99T
169°C
S69°C
869°C
80T
wLe
8cLT
weLe
woe
Loe W.
bEO'E

650°L —

Me
M¢'

2m
"H NMR, 400 MHz, CD3CN

NO®W £Z°T —

0TTT—

6v'Er —

8IS —

Y916 —

NO9W 92'81T —

89'%CT —

wier”
6SET ~
9E6ET ~_

96841 —

Me
M¢

2m
13¢ {"H} NMR, 100 MHz, CD;CN

160

140 130 120 110

150

180 170

190

99



NO3W 0v6'T —

d91eM £4T°T —

MeQ

899°C
89T
§89°C
169°C
69T
80L°C
9eLe
0eLe
ovLT
LT
8vL'T
5Lt

9sLT
S94°C
0LLe

06L'€

9059
0159 W.
159

wus9 \
9L59

MeO

2n
H NMR, 600 MHz, CD;CN

€€~
€0€—
e’

159
ﬁm.mw
159

159~
859~

3.05 3.00 2.80 2.75 2.70 2.65

6.55 6.50 6.45

WoN

=00T
00T

=001

=009

=0T

=00

NOPW £T°T —

ey —

€975 —

w9s —

YET6 —

T9°10T —
L6'V0T —

D9 9Z°8TT —

MeQ

6T°8ET —

01291 —

SL°8LT —

MeO

2n
3¢ {"H} NMR, 150 MHz, CD;CN

180 170 160 150

190

100



NO3W 096°T
0ET'C
(44 ¥4
[A4 %4
bST'T
YoT'C

1918 04T°T
£8T°C
90€°T
LIET
SEET
IPET
0SET
L9ET—F
LLET 7
SEL'T \

ST~
/.

89L°CT
068C
S68'C
206°C

90T°L
1L
SET'L
YOUL ~¥

6T
€0€°L
s1EL
£E€E°L

20
H NMR, 500 MHz, CD,CN

90zt~
TeeL —
SETL~

Y9TL—
6LTL —
coe'L "

8TEL—
EEEL~L

0eT'T
wre
T
PSTTE

Y1TC 7
4918 04T°C \
180T
90€°C V
L€,
SEET Y
9vET
0SET
L9€°C
LLET

122N
LT —
sorz "
068°C
68T W
206°C

29 28 27 26 25 24 23 22 21 20

=00C
0T
0°Z

00T
=007

Foo's

1.5

2.0

2.5

3.0

4.5

5.0

6.5

8.0

9.0

NOSW 8T'T —

16°0€ —
YLEE—

wer—

s —

H'T6 —

\NDSW 9Z°8TT —

96°92T ~_
bralas
s

SEWT —

09641 —

20
13C {'H} NMR, 125 MHz, CD;CN

|

130

150

180

140

160

170

190

101



NOBW 0¥6°T —
199em 8pTZ —

T0T°€
81T°€
62T°E
WTE~¥

180
€07°€
pIT'E

TeTe

TEV'L
6EV'L W.
bl
9b°L \“

YL

Br

3a
H NMR, 500 MHz, CD,CN

ore—

ae—
£ere—

STeE—

6T°€ —

ozeE—
wwe—

£re—

00T
00z

Foos

NOSW 8¢'T —

LE0S —

€685 —

T8'88 —

\NDPW 9Z'8TT —

vrer —
08621 ~
69°06T
6T HET —

TTELT —

Br

3a
3¢ {"H} NMR, 125 MHz, CD;CN

140

180 170 160 150

190

102



]
- 130.6¢
™~ 129.8C
~\ 126.8¢
58.93

Br

3a
13 {'H} DEPT-135 NMR, 125 MHz, CD;CN

T T T T T T T T T T T T T T T T T T
260 250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

(o]
Br

. u

HSQC, CD;CN

r-10
' Y

r10

20
30
40

50

70

80

b +90
100
k110
- +120
[— °é$ - +130
+ 140
+150
I 160
i 170

180

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15

103

f1 (ppm)



Br

3a A
HMBC, CD;CN

r-10

r10
r20
+ 30

40

70

80

100
k110
() k120

130

|
1
8
868
Sg
°

140
150
160

r 170

180
190

200
L210

104

f1 (ppm)



NOBW 0v6°'T —
HIem §GT°C —

°60°€
are
9er'e
8PT'E ~E

6sTEf
8T°€
P6T'E
91Z'€

THEL~
[l Ve
wyL~N
wor

Br

3b
"H NMR, 400 MHz, CD,CN

Br.

EL —~ -
wEL— T

WYL~ —
WL — -

7.6 7.5 7.4 7.3 7.2

7.7

Foov

6.0

6.5

7.5

8.0

8.5

9.5

NOPW 82'T —

LT°0S —

86'85 —

6188 —

NOOW 9C8TT — —

v —
9T'6CT —

06'2€T
6v'€€T —

b6TLT —

Br

3b
3¢ {"H} NMR, 100 MHz, CD;CN

Br.

150

140

170 160

180

105



NOBIW 0b6'F —
199eM 85T —

SoT'e
9TT'E
(U423

ToT°€
¥81°€
L6T°E
L1T°€

99€L
98€°L
80v'L
WL
91v'L
TEV'L
SEV'L
9L
9L
8¢9°L

Br

Br’

3c
H NMR, 400 MHz, CD;CN

S0T°E —

9ZT'eE —
opT'eE —

e —

P8T'E —
L6T°E —

aee—

o0z
Fooz

9.0 8.5 8.0 7.5

9.5

NO®W 8Z°'T —

s —

6065 —

[A: A

\NOPW 92'8TT —

TTeer
60921 —
LTOST~_
9LTET ~
z9'€eT —
SS9ET ~

€8T —

Br

3c
13C {'H} NMR, 100 MHz, CD;CN

I

106



NOBW 0¥6°T —

191BM ZST'T —

LET'E
091°€
ELT'E
S6T'E—

woee
£Tee
9€E’E

09€°€

811
[ rara
sezs
09zt
6Lzt
L6T°L~E
066~
80b'L N
vt
06+'L
805°L
¥esL
s,

Br

3d
H NMR, 400 MHz, CD,CN

LETEN
091°€ ~C
[7A %R
S61°€
C0EEN_
£CEE~
9€€’E
ooge

81

01T /
SETLN-
0972~
6L
e
06€L~\_
80V~
e ="
06b'L ~
805 7
vTs'L \

ws'L

]

o0z
Fooz

Fooe
01
0'T

NO3W £T°T —

br'0S —

885 —

0958 —

L6911
8T°LTT
NO9W 9C°8TT —
£6°02T ~—
Al 7

69°SCT V

wsa

TToET V

$T0ET
SPEET
£S'EET \

T8°09T —
6T°€9T —

£€6'TLT —

Br

3d
3¢ {"H} NMR, 100 MHz, CD;CN

170

180

107



NOBW 0v6°'T —
191eM 09T°C —

¥8T°€
90T°€
61T’E
TWTE~E

99z°€ -
8T°€
T0£°€

(4323

2 VAN
9SL~
2USL~_
€85, —
sesz~"

H NMR, 400 MHz, CD;CN

P8TE—

90T’ e —

61Z°€E —

wee —

99T’ —

8TE—

Toge—

ocee—

3.34 3.32 3.30 3.28 3.26 3.24 3.22 3.20 3.18

Foow

NO®W £T°T —

V05 —

2.5

€065 —

3.0

0068 —

4.5

5.0

5.5

NOOW 9C81T —

ETELT —

3¢ {"H} NMR, 100 MHz, CD;CN

TTrer —

¥6'9CT —

£€6°L8T —
178eT
L8t —
Lr6et =
€L°6TT —

YITET —

£8°EET —
LSPET —

136 135 134 133 132 131 130 129 128 127 126 125 124

T T T
140

160

180

-1C

120

130

150

170

190

108



NOBW 0v6°'T —

199eM £ST'T —

b61°E

JAT4S /
0€T°E —
sTe 7
SLS°E v

865°€
T19°€ \

£€9°E

L9V°L
S8b°L
£€SL
wsL
°95°L
045°L
985°L
965°L

2092 —F
a

w9L
vL6°L
£86'L V.
966'L
€108
€€0'8
918
918
891°8

"H NMR, 400 MHz, CD;,CN

vmﬁ.m/

Zm,mv
0€T’E
Nmm,m\

mnm.m/

865°€E -
T19°€ -7
mmm.m\

L9%L
S8v'L V
£e5L—
TWS'L
295, v
98S'L
965°L
209°L
vL6'L
€86'L
966'L —
€10'8 \
ecos’
91’8
8918 7

Fooz
ooz

Foow

Fooz
Foot

T NOBW LT —

€0°0S —

2065 —

6568 —

O 9T°8TF —

98'SZT
ro o9zt /.

[ rXas
ja:yaas W
06°LCT

o 59°'6CT \
T8'6CT
cLTET
LO°TET

P8PET

6.0

6.5

7.0

7.5

8.0

8.5

TEELT—

3f
3¢ {"H} NMR, 100 MHz, CD;CN

06'GZT ~
90921 =~

SP'LZT ~C
88'LT ~
s

69°6ZT ~—
S8'621

LLTET —
Treer —

68'PET —

135 134 133 132 131 130 129 128 127 126 125

109



NOSW 0¥6°T —

016°C
¥16°C
9€6°C
0v6°C
¥S0°€
¥90°€
080°€
060°€
609°€
E£19°€
919°€
619°€
w9e
9Z9°€

Py

WOQ 9%t'S —

TZe9
£2€9 v
TogL
€0€°L
01€°L
STEL
(4394
£3eL
0€E°L
EEL
9S€°L
69€°L
et
.EL
98€°L
90v°L
0Ty’
€L

OH
||
4

»

H NMR, 500 MHz, CD;CN

19°¢
19°¢ /
9eE~E

e
[
€9°€

3.15 3.10 3.05 3.00 2.95 2.90

J\}L
T T T
3.65 3.60 3.55

=001
=001

ot

Foos

NO®W 92T —

oTee —

S8y —

NOOW 9C81T —

6v'STT ~_
60'921 —

vE'6ZT V.

SP'6CT
9LVET —

SO'6vT —

Yo'vLT —

OH

¥

4
3¢ {"H} NMR, 125 MHz, CD;CN

160

140 130 120 110

150

170

180

110



129.4¢
129.34
— 126.0¢

"\ 125.5¢
41.85

33.20

OH

<

O,

3¢ {"H} DEPT-135 NMR, 125 MHz, CD;CN

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

v | |
4
HSQC, CD,CN

||

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

111

r-10

r10

20

30

k40

50

60

70

80

90

100

r110

r120

130

140

150

160

170

180

f1 (ppm)



OH
4
HMBC, CD;CN

]

o0
<}
“ D%@. 0 @ (]
9
@ (-1-]
|0
T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

112

10

F20

30

140

50

60

70

80

90

100

r110

r 120

130

140

150

160

170

180

190

f1 (ppm)



