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Supplementary Methods

All glassware was oven dried at 110 °C for hours and cooled down under vacuum. Unless otherwise
noted, materials were obtained from commercial suppliers and used without further purification.
Switching DC voltage regulator (HSPY-120-01) (made in China). Cyclic voltammograms were
obtained on a CHI 605E potentiostat. The anodic electrode was carbon paper (9.3 cmx9.3 cmx0.2
mm) and cathodic electrode was nickel plate (9.3 cmx9.3 cmx0.3 mm). Thin layer chromatography
(TLC) employed glass 0.25 mm silica gel plates. Flash chromatography columns were packed with
200-300 mesh silica gel in petroleum (bp. 60-90 °C). EPR spectra were recorded on a Bruker X-
band A-200 spectrometer. Mass spectra were recorded using a SATURN-2100 GC-MS spectrometer.
Hydrogen gas content was analyzed by gas chromatography (QIC-20, Hiden, argon as a carrier gas
and 5 A molecular sieve column, a thermal conductivity detector). 'H and '3C NMR data were
recorded with Bruker Advance III (400 MHz) spectrometers with tetramethylsilane as an internal
standard. All chemical shifts (8) are reported in ppm and coupling constants (J) in Hz. All chemical
shifts were reported relative to tetramethylsilane (0 ppm for 'H), CDCls (77.0 ppm for 3C),

respectively.
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Supplementary Figure 1. The components of the electrochemical continuous-flow reactor. (a)
Physical map of the device. (b) Flow cell. (c) Polytetrafluoroethylene (PTEF) board. (d) Peristaltic

pump. (e) Switching DC voltage regulator.

Parameters of the flow reactor: The anode and cathode are held apart by a
polytetrafluoroethylene (PTEF) board of 1.0 mm thick. A rectangular reaction channel (total length:
784 mm, width: 1.0 mm) is cut in the PTEF foil to give an overall channel volume of 1.6 mL. The
whole device is held together by steel screws. The pump used in the experiment is a KCS PRO
model peristaltic pump manufactured by Kamoer. Switching DC voltage regulator (HSPY-120-01)

(made in China). (See Supplementary Figure 1)

General procedures for the electrolysis in acetonitrile and water: In an oven-dried schlenck tube
(100 mL) equipped with a stir bar, alcohol 1a (2.0 mmol), "BusNBF4 (65.9 mg, 0.2 mmol) and
CH3CN/H-0 (1:1, 30 mL) were added. The flow cell was equipped with carbon paper (9.3 cmx9.3
cmx0.2 mm) as the anode (contact area 1.6 cm?) and nickel plate (9.3 cmx9.3 cmx(0.3 mm) as the
cathode (contact area 1.6 cm?). In order to preclude the possibility that air was involved in the
oxidation of alcohol, we flushed the whole system with nitrogen before the direct electrolysis. The

reaction mixture was pumped into the electrochemical reactor at the flow rate of 0.10 mL s-!



(Supplementary Figure 1). Method A: A constant current of 800 mA was employed during the
electrolysis under room temperature for 10 min. (Method B: A constant current of 10 mA was
employed during the electrolysis under room temperature for 10 h. Method C: A constant current
of 10 mA was employed during the electrolysis under room temperature for 20 h.) When the reaction
was finished, the reaction mixture was washed with water and extracted with dichloromethane (10
mL x 3). The organic layers were combined, dried over Na;SO4, and concentrated. The pure product
was obtained by flash column chromatography on silica gel using petroleum ether and ethyl acetate
as the eluent.

General procedures for the electrolysis in water with surfactant (Method D): In an oven-dried
schlenck tube (100 mL) equipped with a stir bar, alcohol 1a (2.0 mmol), N, N, N-trimethylhexadecan-
I-ammonium sulfate (69.6 mg, 0.10 mmol) and H>O (15 mL) were added . The flow cell was
equipped with carbon paper (9.3 cmx9.3 cmx0.2 mm) as the anode (contact area 1.6 cm?) and nickel
plate (9.3 cmx9.3 ¢mx0.3 mm) as the cathode (contact area 1.6 cm?). In order to preclude the
possibility that air was involved in the oxidation of alcohol, we flushed the whole system with
nitrogen before the direct electrolysis. The reaction mixture was pumped into the electrochemical
reactor in a flow rate of 0.10 mL s (Supplementary Figure 1). A constant current of 800 mA was
employed during the electrolysis under room temperature for 10 min. When the reaction was
finished, the reaction mixture was washed with water and extracted with dichloromethane (10 mL
x 3). The organic layers were combined, dried over Na;SOs, and concentrated. The pure product
was obtained by flash column chromatography on silica gel using petroleum ether and ethyl acetate

as the eluent.
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Supplementary Figure 2. Oxidation of benzyl alcohol in undivided cell.

Procedures for the electrolysis in undivided cell: In an oven-dried undivided three-necked
flask (50 mL) equipped with a stir bar, the benzyl alcohol 1aa (216.1 mg, 2.0 mmol) and "BusNBF4
(65.9 mg, 0.2 mmol) was dissolved in CH3CN/H>O (1:1, 30 mL). The flask was equipped with

carbon cloth (1.5 cmx1.5 cmx0.3 mm) as the anode and nickel plate (1.5 cmx1.5 cmx0.3 mm) as
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the cathode. In order to preclude the possibility that air was involved in the oxidation of alcohol, we
flushed the whole system with nitrogen before the direct electrolysis. The reaction mixture was
stirred and electrolyzed at a constant current of 100 mA under room temperature for 1 h. When the
reaction was finished, the reaction mixture was washed with water and extracted with
dichloromethane (10 mL x 3). The organic layers were combined, dried over Na,;SO4, and
concentrated. The pure product was obtained by flash column chromatography on silica gel using

petroleum ether and ethyl acetate as the eluent. Yield: 37%. (See Supplementary Figure 2)
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Supplementary Figure 3. Oxidation of benzyl alcohol at slow flow rate in flow cell.

Procedures for slow flow rate of alcohol oxidation in flow cell: In an oven-dried
schlenck tube (100 mL) equipped with a stir bar, benzyl alcohol 1aa (216.1 mg, 2.0 mmol),
"BusNBF; (65.9 mg, 0.2 mmol) and CH3CN/H>O (1:1, 30 mL) were added. The flow cell was
equipped with carbon paper (9.3 cmx9.3 cmx0.2 mm) as the anode (contact area 1.6 cm?) and nickel
plate (9.3 cmx9.3 ¢mx0.3 mm) as the cathode (contact area 1.6 cm?). In order to preclude the
possibility that air was involved in the oxidation of alcohol, we flushed the whole system with
nitrogen before the direct electrolysis. The reaction mixture was pumped into the electrochemical
reactor for single-pass in a flow rate of 0.02 mL s™!. A constant current of 800 mA was employed
during the electrolysis under room temperature for 25 min. When the reaction was finished, the
reaction mixture was washed with water and extracted with dichloromethane (10 mL x 3). The
organic layers were combined, dried over Na;SO4, and concentrated. The pure product was obtained
by flash column chromatography on silica gel using petroleum ether and ethyl acetate as the eluent.

Yield: 99%. (See Supplementary Figure 3)
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Supplementary Figure 4. Gram scale synthesis of benzyl alcohol oxidation in flow cell.

Procedures for gram scale synthesis in flow cell: In an oven-dried schlenck tube (1000
mL) equipped with a stir bar, benzyl alcohol benzyl alcohol 1aa (10.8 g, 100.0 mmol), "BusNBF4
(329.3 mg, 1.0 mmol) and CH3CN/H,O (1:1, 1000 mL) were added. The flow cell was equipped
with carbon paper (9.3 cmx9.3 cmx0.2 mm) as the anode (contact area 1.6 cm?) and nickel plate
(9.3 cmx9.3 cmx0.3 mm) as the cathode (contact area 1.6 cm?). In order to preclude the possibility
that air was involved in the oxidation of alcohol, we flushed the whole system with nitrogen before
the direct electrolysis. The reaction mixture was pumped into the electrochemical reactor for single-
pass in a flow rate of 0.02 mL s!. A constant current of 800 mA was employed during the electrolysis
under room temperature for 20.0 h. When the reaction was finished, the reaction mixture was
washed with water and extracted with dichloromethane (200 mL x 3). The organic layers were
combined, dried over Na;SO4, and concentrated. The pure product was obtained by flash column
chromatography on silica gel using petroleum ether and ethyl acetate as the eluent. Isolated yield:

99%, 10.6 g. (See Supplementary Figure 4)

Procedures for the electron paramagnetic resonance (EPR) experiment (EPR
studies of 1a): Under 10 mA constant current conditions, a dried three-necked flask equipped
with a stir bar was loaded with 1aa (54.0 mg, 0.50 mmol), "BusNBF4 (65.9 mg, 0.2 mmol) in CH3CN
(10.0 mL) was stirred under an N, atmosphere at 25 °C. The flask was equipped with carbon cloth
(1.5 cmx1.5 cmx0.3 mm) as the anode and nickel plate (1.5 cmx1.5 cm*0.3 mm) as the cathode. In
order to preclude the possibility that air was involved in the oxidation of alcohol, we flushed the
whole system with nitrogen before the direct electrolysis. The reaction mixture was stirred and
electrolyzed at a constant current of 10 mA under room temperature for 1 h. DMPO was added to
the reaction mixture and continued to react for 1 minute; the solution sample was taken out into a
small tube for EPR test. EPR spectra was recorded at room temperature on EPR spectrometer
operated at 9.823 GHz. Typical spectrometer parameters were shown as follows, sweep width: 100
G; center field set: 3505 G; time constant: 163.84 ms; sweep time: 30.72 s; modulation amplitude:

1.0 G; modulation frequency: 100 kHz; receiver gain: 1.00x10*; microwave power: 22.10 mW.
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Supplementary Figure 5. Isotope labeling experiment of D,O.

Procedures for isotope labeling experiments (D20): In an oven-dried schlenck tube (100
mL) equipped with a stir bar, benzyl alcohol 1aa (216.1 mg, 2.0 mmol), "BusNBF4 (65.9 mg, 0.2
mmol) and CH3CN/ D;O (1:1, 30 mL) were added. The flow cell was equipped with carbon paper
(9.3 cmx9.3 cmx0.2 mm) as the anode (contact area 1.6 cm?) and nickel plate (9.3 cmx9.3 cmx0.3
mm) as the cathode (contact area 1.6 cm?). In order to preclude the possibility that air was involved
in the oxidation of alcohol, we flushed the whole system with nitrogen before the direct electrolysis.
The reaction mixture was pumped into the electrochemical reactor for single-pass in a flow rate of
0.10 mL s'. A constant current of 800 mA was employed during the electrolysis under room
temperature for 10 min. When the reaction was finished, the reaction mixture was detected by GC-

MS, but the target product marked by isotope was not detected, and H», D>, HD was detected. (See

Supplementary Figure 5)
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Supplementary Figure 6. [sotope labeling experiment of H,'*O.

Procedures for isotope labeling experiments (H2'0):In an oven-dried schlenck tube (100
mL) equipped with a stir bar, benzyl alcohol 1aa (216.1 mg, 2.0 mmol), "BusNBF4 (65.9 mg, 0.2
mmol) H>'¥0(40.0 mg, 2.0 mmol) and CH3CN (30 mL) were added. The flow cell was equipped
with carbon paper (9.3 cmx9.3 cmx0.2 mm) as the anode (contact area 1.6 cm?) and nickel plate
(9.3 cmx9.3 cmx0.3 mm) as the cathode (contact area 1.6 cm?). In order to preclude the possibility
that air was involved in the oxidation of alcohol, we flushed the whole system with nitrogen before
the direct electrolysis. The reaction mixture was pumped into the electrochemical reactor for single-
pass in a flow rate of 0.10 mL s™'. A constant current of 800 mA was employed during the electrolysis

under room temperature for 10 min. When the reaction was finished, the reaction mixture was the



reaction mixture was detected by GC-MS, but the target product marked by isotope was not detected.

(See Supplementary Figure 6)
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Supplementary Figure 7. Kinetic profiles under different flow rates of 1aa.

General procedure for kinetic study (Flow rate): In an oven-dried schlenck tube (100 mL)
equipped with a stir bar, alcohol 1aa (2.0 mmol), "BusNBF4 (65.9 mg, 0.2 mmol) and CH3;CN/H,O
(1:1, 30 mL) were added. The flow cell was equipped with carbon paper (9.3 cmx9.3 cmx0.2 mm)
as the anode (contact area 1.6 cm?) and nickel plate (9.3 cmx9.3 cmx0.3 mm) as the cathode (contact
area 1.6 cm?). In order to preclude the possibility that air was involved in the oxidation of alcohol,
we flushed the whole system with nitrogen before the direct electrolysis. The reaction mixture was
pumped into the electrochemical reactor in a flow rate of 0.10 mL s™!. A constant current of 800 mA
was employed during the electrolysis under room temperature. 0.10 mL solution were taken out
from the schlenck tube via syringe per minute. By using above procedure, the similar sets of
experiments were conducted by using different concentration of 1aa. Moreover, the similar sets of
experiments were also conducted under different constant current and flow rate. Only one parameter

was changed from the general procedure in one reaction. (See Supplementary Figure 7)
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Supplementary Figure 8. Oxidation of benzaldehyde in a flow cell.

Procedures for conversion of benzaldehyde oxidation in flow cell: In an oven-dried
schlenck tube (100 mL) equipped with a stir bar, benzaldehyde 2aa (212.1 mg, 2.0 mmol),
"BuuNBF;4 (65.9 mg, 0.2 mmol) and CH3CN/H,O (1:1, 30 mL) were added. The flow cell was
equipped with carbon paper (9.3 cmx9.3 cmx0.2 mm) as the anode (contact area 1.6 cm?) and nickel
plate (9.3 cmx9.3 ¢mx0.3 mm) as the cathode (contact area 1.6 cm?). In order to preclude the
possibility that air was involved in the oxidation of alcohol, we flushed the whole system with
nitrogen before the direct electrolysis. The reaction mixture was flowed through the electrochemical
reactor in a flow rate of 0.10 mL s™'. A constant current of 800 mA was employed during the
electrolysis under room temperature for 8 min. When the reaction was finished, the reaction mixture
was washed with water and extracted with dichloromethane (10 mL x 3). The organic layers were
combined, dried over Na,SO4, and concentrated. The pure product was obtained by flash column
chromatography on silica gel using petroleum ether and ethyl acetate as the eluent. No benzoic acid

was detected. (See Supplementary Figure 8)



Detail Descriptions for Products

: _CHO

Benzaldehyde (2aa):® colorless liquid was obtained in 98% isolated yield (product weight: 207.0
mg) following method A. 'H NMR (400 MHz, CDCl3) & 10.00 (s, 1H), 7.90 — 7.84 (m, 2H), 7.64 —
7.58 (m, 1H), 7.55 — 7.48 (m, 2H). 3C NMR (101 MHz, CDCl3) 6 192.19, 136.15, 134.26, 129.51,

128.79.

: _.CHO

4-Methylbenzaldehyde (2ab):° colorless liquid was obtained in 99% isolated yield (product weight:
237.6 mg) following method A. 'H NMR (400 MHz, CDCI3) & 9.93 (s, 1H), 7.74 (d, J = 8.1 Hz,
2H), 7.29 (d, J= 7.9 Hz, 2H), 2.39 (s, 3H). 3*C NMR (101 MHz, CDCls)  191.69, 145.26, 133.90,

129.55, 129.44, 21.57.

f .CHO

2-Methylbenzaldehyde (2ac):? colorless liquid was obtained in 99% isolated yield (product weight:
237.6 mg) following method A. 'H NMR (400 MHz, CDCls) § 10.21 (s, 1H), 7.76-7.74 (m, 1H), 7.46-
7.41 (m, 1H), 7.34-7.30 (m, 1H), 7.22-7.20 (m, 1H), 2.62 (s, 3H).. 3*C NMR (101 MHz, CDCls) &

192.76, 140.51, 134.00, 133.56, 131.95, 131.66, 126.22, 19.49.

~ : _.CHO

3-Methylbenzaldehyde (2ad):! colorless liquid was obtained in 96% isolated yield (product weight:
237.6 mg) following method A. "H NMR (400 MHz, CDCls) 8 9.98 (s, 1H), 7.68-7.66 (m, 2H), 7.45
—7.40 (m, 2H), 2.42 (s, 3H). *CNMR (101 MHz, CDCl3) § 192.53, 138.80, 136.32, 135.20, 129.91,

128.77,127.12, 21.09.

f :CHO

2,4,6-Trimethylbenzaldehyde (2ae):® colorless liquid was obtained in 99% isolated yield (product
weight: 293.0 mg) following method A. "H NMR (400 MHz, CDCls) & 10.53 (s, 1H), 6.87 (s, 2H),
2.56 (s, 6H), 2.30 (s, 3H). 3C NMR (101 MHz, CDCls) & 192.81, 143.69, 141.33, 130.37, 129.73,

21.31,20.36.
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>(©/CHO

4-(Tert-butyl)benzaldehyde (2af):! pale yellow liquid was obtained in 99% isolated yield (product
weight: 320.8 mg) following method A. 'H NMR (400 MHz, CDCl3) 8 9.97 (s, 1H), 7.84 — 7.80 (m,
2H), 7.57 — 7.53 (m, 2H), 1.35 (s, 9H). *C NMR (101 MHz, CDCls) & 191.94, 158.29, 133.91,

129.58, 125.86, 35.21, 30.93.

: _.CHO
MeO

4-Methoxybenzaldehyde (2ag):® colorless liquid was obtained in 97% isolated yield (product
weight: 263.8 mg) following method A. 'H NMR (400 MHz, CDCl3) 8 9.87 (s, 1H), 7.85 — 7.80 (m,
2H), 7.02 — 6.96 (m, 2H), 3.86 (s, 3H). '3C NMR (101 MHz, CDCl3) & 190.66, 164.36, 131.74,
129.61, 114.06, 55.32.

MeO cHo

3,4-Dimethoxybenzaldehyde (2ah):3 white solid was obtained in 98% isolated yield (product
weight: 325.4 mg) following method A. '"H NMR (400 MHz, CDCl3) 6 9.73 (s, 1H), 7.35 (dd, J =
8.2, 1.9 Hz, 1H), 7.29 (d, J= 1.8 Hz, 1H), 6.87 (d, J = 8.2 Hz, 1H), 3.85 (s, 3H), 3.82 (s, 3H). 13C

NMR (101 MHz, CDCls) 6 190.58 , 154.07, 149.17, 129.69, 126.53, 110.04, 108.48, 55.80, 55.58.

CHO
F7 :

4-Fluorobenzaldehyde (2ai):! colorless liquid was obtained in 99% isolated yield (product weight:
245.5 mg) following method A. '"H NMR (400 MHz, CDCls) 6 9.97 (s, 1H), 7.97 — 7.88 (m, 2H),
7.28 —7.18 (m, 2H). *C NMR (101 MHz, CDCls) & 190.44, 166.37(d, Jc.r = 255.0 Hz), 132.83 (d,
Jor=2.7Hz), 132.12 (d, Jer = 9.8 Hz), 116.22(d, Jc-r = 22.2 Hz). °F NMR (377 MHz, CDCl3) &

-102.44.

: _.CHO
Cl

4-Chlorobenzaldehyde (2aj):® white solid was obtained in 98% isolated yield (product weight:
274.4 mg) following method A. "H NMR (400 MHz, CDCl3) § 9.99 (s, 1H), 7.85 — 7.81 (m, 2H),

7.54 —7.50 (m, 2H). 3C NMR (101 MHz, CDCl;) § 190.85, 140.87, 134.60, 130.85, 129.38.

: _.CHO
Br

4-Bromobenzaldehyde (2ak):® white solid was obtained in 99% isolated yield (product weight:
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364.3 mg) following method A. '"H NMR (400 MHz, CDCls) § 9.98 (s, 1H), 7.79 — 7.73 (m, 2H),

7.72 —7.66 (m, 2H). *C NMR (101 MHz, CDCIl3) 8 191.08, 134.99, 132.40, 130.94, 129.76.

: ,CHO
|

4-Bromobenzaldehyde (2ak):! white solid was obtained in 60% isolated yield (product weight:
278.4 mg) following method B. 'H NMR (400 MHz, CDCls) 6 9.96 (s, 1H), 7.93-7.91 (m, 2H), 7.62

—7.57 (m, 2H). *C NMR (101 MHz, CDCl3) § 191.44, 138.38, 135.50, 130.78, 102.84.

/©/CHO
O,N

2

4-Nitrobenzaldehyde (2am):® pale yellow solid was obtained in 35% isolated yield (product weight:
105.7 mg) following method A. "H NMR (400 MHz, CDCls3) 6 10.18 (s, 1H), 8.43 — 8.39 (m, 2H),

8.13 — 8.08 (m, 2H). *C NMR (101 MHz, CDCl3) § 190.31, 151.04, 139.97, 130.46, 124.27.

CHO

1-Naphthaldehyde (2an):! pale yellow solid was obtained in 88% isolated yield (product weight:
274.6 mg) following method C. '"H NMR (400 MHz, CDCls) 6 10.14 (s, 1H), 9.18-9.16 (m, 1H), 7.76-
7.74 (m, 1H), 7.65 — 7.60 (m, 2H), 7.51-7.47 (m, 1H), 7.39 — 7.35 (m, 1H), 7.29-7.25 (m, 1H). *C NMR

(101 MHz, CDCl3) 6 193.37, 136.66, 135.07, 133.51, 131.09, 130.25, 128.90, 128.46, 126.81, 124.78.

S,
E/%CHO
Thiophene-2-carbaldehyde (2a0):! pale yellow liquid was obtained in 76% isolated yield (product

weight: 170.2 mg) following method A. "H NMR (400 MHz, CDCls) § 9.94 (s, 1H), 7.82 — 7.76 (m,

2H), 7.24-7-22 (m, 1H). *C NMR (101 MHz, CDCls) § 182.98, 143.85, 136.36, 135.08, 128.25.

Y\CHO

3-Methylbut-2-enal:® pale yellow liquid was obtained in 64% isolated yield (product weight: 107.5
mg) following method C.'H NMR (400 MHz, CDCI3) § 9.96 (d, J = 8.2 Hz, 1H), 5.91-5.87 (m, 1H),

2.18 (s, 3H), 1.99 (s, 3H). '*C NMR (101 MHz, CDCI3) 3 190.98, 160.69, 127.93, 27.11, 18.76.

(0]

o

Acetophenone (2ba):! pale yellow liquid was obtained in 95% isolated yield (product weight: 228.0

mg) following method A. '"H NMR (400 MHz, CDCls) 8 7.98 — 7.91 (m, 2H), 7.58 — 7.51 (m, 1H),
12



7.48 —7.40 (m, 2H), 2.61 (s, 3H). *C NMR (101 MHz, CDCl3) 8 197.90, 136.82, 132.89, 128.34,

128.06, 26.39.

o]

o

Propiophenone (2bb):* pale yellow liquid was obtained in 83% isolated yield (product weight:
222.4 mg) following method A. '"H NMR (400 MHz, CDCl3) & 7.97-7.95 (m, 2H), 7.57-7.53 (m,
1H), 7.48 — 7.42 (m, 2H), 3.00 (q, J = 7.2 Hz, 2H), 1.22 (t, J = 7.2 Hz, 3H). *C NMR (101 MHz,

CDCl) 6 200.74, 136.80, 132.80, 128.46, 127.88, 31.69, 8.15.

(0]

Co

2,3-Dihydro-1H-inden-1-one (2bc):* white solid was obtained in 96% isolated yield (product
weight: 253.4 mg) following method A. '"H NMR (400 MHz, CDCl;) § 7.61 (d, J = 7.7 Hz, 1H),
7.49 —7.42 (m, 1H), 7.35 (d, J="7.7 Hz, 1H), 7.23 (t, J=7.4 Hz, 1H), 3.05 — 2.96 (m, 2H), 2.57 —
2.49 (m, 2H). *C NMR (101 MHz, CDCl;) & 206.81, 154.91, 136.71, 134.32, 126.95, 126.44,

123.30, 35.91, 25.51.

5H-dibenzo[a,d][7]annulen-5-one (2bd):® white solid was obtained in 90% isolated yield (product
weight: 370.8 mg) following method C. 'H NMR (400 MHz, CDCl3) § 8.24 — 8.19 (m, 2H), 7.66 — 7.60
(m, 2H), 7.56-7.52 (m, 4H), 7.05 (s, 2H). '3C NMR (101 MHz, CDCls) § 193.07, 138.59, 134.85, 131.91,

131.60, 130.70, 130.10, 128.80.

Benzil (2be):? pale yellow liquid was obtained in 85% isolated yield (product weight: 357.0 mg)
following method B. 'H NMR (400 MHz, CDCls) & 7.98-7.95 (m, 4H), 7.67 — 7.60 (m, 2H), 7.51-7.47

(m, 4H). 3C NMR (101 MHz, CDCL3) § 194.49, 134.82, 132.78, 129.74, 128.91.

o]

Benzophenone (2bf):? white solid was obtained in 97% isolated yield (product weight: 353.1 mg)

following method A. '"H NMR (400 MHz, CDCl3) & 7.82-7.79 (m, 4H), 7.61 — 7.56 (m, 2H), 7.51 —
13



7.45 (m, 4H). 3C NMR (101 MHz, CDCls) 3 196.72, 137.48, 132.37, 130.00, 128.21.

1-(Pyridin-2-yl)ethan-1-one (2bg):” colorless liquid was obtained in 70% isolated yield (product
weight: 169.4 mg) following method B. 'H NMR (400 MHz, CDCls) § 8.70-8.69 (m, 1H), 8.09 — 8.02
(m, 1H), 7.87-7.82 (m, 1H), 7.54 — 7.46 (m, 1H), 2.73 (s, 3H). °C NMR (101 MHz, CDCl3) & 199.92,

153.36, 148.82, 136.68, 126.96, 121.46, 25.65.

(o]
0
(E)-chalcone (2bh):? pale yellow liquid was obtained in 50% isolated yield (product weight: 208.0
mg) following method B. '"H NMR (400 MHz, CDCl;) & 8.10 — 8.05 (m, 2H), 7.88-7.84 (m, 1H), 7.70
—17.65 (m, 2H), 7.64 — 7.51 (m, 4H), 7.46 — 7.41 (m, 3H). '3C NMR (101 MHz, CDCls) & 190.34, 144.69,

138.02, 134.70, 132.68, 130.44, 128.83, 128.50, 128.38, 128.24, 121.86.

[0}

3

Cyclohex-2-en-1-one (2bi):! pale yellow liquid was obtained in 75% isolated yield (product weight:
144.0 mg) following method C. 'H NMR (400 MHz, CDCls) § 7.05-7.00 (m, 1H), 6.08 —5.97 (m, 1H),
2.47 —2.34 (m, 4H), 2.08 — 1.99 (m, 2H). '*C NMR (101 MHz, CDCl;) § 199.45, 150.58, 129.51, 37.80,

25.37,22.43.

o]

\/\/\)J\

Octan-2-one (2bj):* pale yellow liquid was obtained in 25% isolated yield (product weight: 64.0
mg) following method A. "H NMR (400 MHz, CDCl3) 6 2.43 (t,J = 7.5 Hz, 2H), 2.14 (s, 3H), 1.63
—1.51 (m, 2H), 1.35 - 1.23 (m, 6H), 0.88 (dd, /= 9.1, 4.6 Hz, 3H). '3C NMR (101 MHz, CDCls) §

209.23,43.63, 31.46, 29.68, 28.70, 23.66, 22.35, 13.87.

(o] OH

©)‘\)\

3-Hydroxy-1-phenylbutan-1-one (4):5 colorless liquid was obtained in 78% isolated yield (product
weight: 255.8 mg) following method B. 'H NMR (400 MHz, CDCl3) & 7.99 — 7.93 (m, 2H), 7.61-7.57

(m, 1H), 7.50-7.50 (m, 2H), 4.47 — 4.37 (m, 1H), 3.44 (s, 1H), 3.21-3.02 (m, 2H), 1.31 (d, J = 6.4 Hz,

14



3H). 3*C NMR (101 MHz, CDCl;) § 200.82, 136.56, 133.52, 128.62, 128.00, 63.94, 46.40, 22.34.

(o]
©)‘\/\/OH
4-Hydroxy-1-phenylbutan-1-one(6):5 colorless liquid was obtained in 85% isolated yield (product
weight: 278.8 mg) following method B. 'H NMR (400 MHz, CDCl3) & 7.98-7.96 (m, 2H), 7.58-7.54
(m, 1H), 7.50 — 7.42 (m, 2H), 3.73 (t, J= 6.1 Hz, 2H), 3.13 (t, J = 7.0 Hz, 2H), 2.59 (s, 1H), 2.06 — 1.96

(m, 2H). *C NMR (101 MHz, CDCl3) § 200.63, 136.66, 133.07, 128.51, 128.00, 62.03, 35.16, 26.81.

\
SO,Me

N-(4-(4-fluorophenyl)-5-formyl-6-isopropylpyrimidin-2-yl)-N-methylmethanesulfonamide

(2aq):® white solid was obtained in 76% isolated yield (product weight: 533.5 mg) following method
A. '"HNMR (400 MHz, CDCI3) 6 9.97 (s, 1H), 7.67 — 7.60 (m, 2H), 7.26 — 7.20 (m, 2H), 4.01 (hept,
J=6.7 Hz, 1H), 3.64 (s, 3H), 3.56 (s, 3H), 1.32 (d, J = 6.7 Hz, 6H). 3C NMR (101 MHz, CDCl5)
0 190.56, 179.06, 169.84, 164.48(d, Jc.r = 251.0 Hz), 158.81, 132.67 (d, Jc.r = 8.8 Hz), 132.13 (d,
Jor = 3.2 Hz), 119.52, 116.02(d, Jc.r = 21.8 Hz), 42.55, 33.15, 32.03, 21.74. 'F NMR (377 MHz,

CDCls) § -108.56.

Ly

9H-fluoren-9-one (2bk):! yellow solid was obtained in 86% isolated yield (product weight: 309.6
mg) following method B. 'H NMR (400 MHz, CDCls) & 7.63-7.58 (m, 1H), 7.45 — 7.39 (m, 2H), 7.28

—7.20 (m, 1H). *C NMR (101 MHz, CDCls) 6 193.90, 144.37, 134.68, 134.07, 129.05, 124.23, 120.32.

15



—9.994
871
869
852
630
627
626
622
617
607
597
593
590
589
585
525
524
506
505
487
486

L ‘

&

co=
SRR

4 1.00=

T T T T T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)

Supplementary Figure 9. '"H NMR (400 MHz, CDCl;) spectrum of 2aa

—192.19
136.155
= 134.263
_-129.511
- 128.789

©/CHO

T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

Supplementary Figure 10. *C NMR (101 MHz, CDCl;) spectrum of 2aa

16



—9.925
,7.752
N 7.732

,7.298
7.279
—2.394

/©/CHO

g

2.08=
2.09=

T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 2.
1 (ppm)

Supplementary Figure 11. '"TH NMR (400 MHz, CDCl;) spectrum of 2ab

20 15 10 05 0.0

o | 3251 =
—

- - ©n

o © o%® ©
© N o w Y @
- 0 oo ]
) < O NN -
- - - ~
| | NN |

/©/CHO

T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

Supplementary Figure 12. *C NMR (101 MHz, CDCl;) spectrum of 2ab

17



2 QOTNONONMOOITONONODO -
N OILTOLDITOONTTTONT- O O I
o R ENRRARRARRRARRAREMNERRAR ©
- NNNNNNNNNNNNNNNNNN o
)
CHO
|
|
‘JLL_ n
g dowd d
] ceoQ <
- == ©
T T T T T T T T T T T T T T T T T T T T T T 1
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -

1 (ppm)

—192.41
—19.277

J
\

CHO

00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

Supplementary Figure 14. *C NMR (101 MHz, CDCl;) spectrum of 2ac

18



—9.975
—2.423

g

10.5 95 90 85 8.0 7.

T T T T T T T T T
70 65 60 55 50 45 40 35 30 2
1 (ppm)

o] 3207 p—
b

—192.52
—21.086

129
128
127

/
7
\

138
136
~135

\©/CHO

|

T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20
1 (ppm)

Supplementary Figure 16. *C NMR (101 MHz, CDCl;) spectrum of 2ad

19



10.528

6.871
—2.556
—2.295

CHO

2.02= pr—

3 £

< b

-~ ©

T T T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)

Supplementary Figure 17. '"H NMR (400 MHz, CDCl;) spectrum of 2ae

© - O mn o

o D™ © N ~ o

© o™ ™~ o ©

o © = oo ©0

o < < ™ N - O

- - - - - NN

[ VN N/

CHO
| |
i |
L I

T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

Supplementary Figure 18. *C NMR (101 MHz, CDCl;) spectrum of 2ae

20



—9.974

—1.347

CHO
|
[
l l l A
& d b &
< e o 0
P o - o
T T T T T T T T T T T T T T T T T T T T T T 1
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 <
1 (ppm)

Supplementary Figure 19. '"H NMR (400 MHz, CDCl;) spectrum of 2af

-~
< © =N
=) ~ RG]
- © © oW
o ] O NN
- - -
I I [T

CHO

— 35.207
—30.930

T T T
00 190 100 920

1 (ppm)

T T T T T T T T
180 170 160 150 140 130 120 110

Supplementary Figure 20. *C NMR (101 MHz, CDCl;) spectrum of 2af

21



n TOMNMOWOWMO® <
© MM OO N ©
© VDRHQ SRR ]
o NNNNNO®OO L)
! N !
: _.CHO
MeO
l H
s $ & !
< N - s
-~ N N ™
T T T T T T T T T T T T T T T T T T T T T T 1
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -
1 (ppm)
Supplementary Figure 21. '"H NMR (400 MHz, CDCl;) spectrum of 2ag
~ (=] © o [=2]
n n (<~ n ~
© ] N~ © o -
< ~ - o < “
o © ™ N - wn
- - - - - -]
! ! \ ! !
: _.CHO
MeO
| |
A I
T T T T T T T T T T T T T T T T T T T T 1
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 (

1 (ppm)

Supplementary Figure 22. *C NMR (101 MHz, CDCl;) spectrum of 2ag

22



—9.730
3.851
X 3.821

MeO: : _CHO
MeO

L
& & o'
3 23 o o
p PR — o
T T T T T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 00
1 (ppm)

Supplementary Figure 23. '"H NMR (400 MHz, CDCIl;) spectrum of 2ah

o N0 0 o
© © o N © N~ © o
[ S = © 10 ox o ®
o < o o © = ]
© O < NN - o 00
- - - - - - B0
| [ Vo N/ N

MeO: : _.CHO
MeO

T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

Supplementary Figure 24. *C NMR (101 MHz, CDCl;) spectrum of 2ah

23



o ONOMLONID®ONOD®
o I~ TOOANNTCTOOITM= OO
] AR EEARRRRN
o o NNNNNNNNNNNN

it
<
T T T T T T T T T T T T T T T T T T T T T 1
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -
1 (ppm)
Supplementary Figure 25. '"H NMR (400 MHz, CDCl;) spectrum of 2ai
o © © -t oo ~ v
< o <t -0 N o
< © S ®© © v S © -
3 53 8888 22
| Vo e
: _.CHO
F
I
Li |
T T T T T T T T T T T T T T T T T T T 1
00 190 180 170 160 150 140 130 120 100 90 80 70 60 50 40 30 20 10 (

1 (ppm)

Supplementary Figure 26. *C NMR (101 MHz, CDCl;) spectrum of 2ai

24



—-102.444

F

T T T T T T T T T T T T T T T T T T T 1
0 -10 -20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -2
1 (ppm)

Supplementary Figure 27. ’F NMR (376 MHz, CDCl;) spectrum of 2ai

25



—9.988

s $ &
< N
-~ N N
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -
1 (ppm)
Supplementary Figure 28. '"H NMR (400 MHz, CDCl;) spectrum of 2aj
© oNO M
< N O Ww o
@ ® 6 %0
(=3 oYoo
e feed
! NN
: _.CHO
Cl
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

Supplementary Figure 29. *C NMR (101 MHz, CDCl;) spectrum of 2aj

26



3 EHhISI 2
d NNNNOQ
o NNNNNN
! e
/©/CHO
Br
|
|
|
|
$ S
S SO
~ NN
T T T T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 0.5 0.0
1 (ppm)
Supplementary Figure 30. '"H NMR (400 MHz, CDCl;) spectrum of 2ak
© O oo mLw
~ 0 oW
e Q@ o~
- tTaNoOoD
2 eeed
[ SN
: _CHO
Br
| |
T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

Supplementary Figure 31. *C NMR (101 MHz, CDCl;) spectrum of 2ak

27



—9.947

_J 1 l 1
& g
S e =
-~ N N
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -
1 (ppm)
Supplementary Figure 32. '"H NMR (400 MHz, CDCl;) spectrum of 2al
- 0O ©
~ DM O e
- SN W ~
- o wmwo N
2 °e2 2
[ 1 !
: _CHO
|
|
|
\ \ |
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 [

1 (ppm)

Supplementary Figure 33. *C NMR (101 MHz, CDCl;) spectrum of 2al

28



10.177
427
423
418
406
401
396
113
108
103
091
086
081

: 54

T T T T T T T T T T T T T T T T T T T T T T 1
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -C
1 (ppm)

Supplementary Figure 34. '"H NMR (400 MHz, CDCIl;) spectrum of 2am

—190.30
—151.042
—139.968

—130.456
—124.267

T T T T T T T T T T T T T T T T T T T T 1
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 (
1 (ppm)

Supplementary Figure 35. *C NMR (101 MHz, CDCl;) spectrum of 2am

29



2L
2L

SLZL

£6Z°L

zseL

SSE°L |
zies
SL€L
69¢°L |
z6¢°L |
69v°L |
eLyL
98v°L |
06"
v6v'L Y
205°L
LSLA

665°L
209°L
L19°L
0Z9°L
€€9°L
¥59°L
(79
oL L
8516~
0816~

evLoL —

L J ) L

T T T T T T T T T T T
50 45 3.0 25

7.0

STET

9.0

ot

9.5

15 1.0 05 0.0 -C

2.0

3.5

4.0

5.5

6.0

6.5

80 75

8.5

10.5

1 (ppm)

Supplementary Figure 36. '"H NMR (400 MHz, CDCIl;) spectrum of 2an

8LL'vTL
si8'9clh /
€9v°'8Z1L /
006°8¢L %
0sz'0¢l M
680°LEL

olLseet \
690°S€L

959'9¢L

GLE'€6) —

CHO

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
Supplementary Figure 37. *C NMR (101 MHz, CDCl;) spectrum of 2an

00

30



—9.947
805
802
796
793
788
785
782
776
773
770
237
227
225
215

L 1
g & L
S < <
- o -
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -
1 (ppm)
Supplementary Figure 38. '"H NMR (400 MHz, CDCl;) spectrum of 2ao
wn o oo N
~ 0N~ W
& ©® ®od
o ™ © 1 o
2 = @&
[ IR
S,
E/%CHO
| J
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

Supplementary Figure 39. *C NMR (101 MHz, CDCIl;) spectrum of 2a0

31



9973
X 9.952
907
904
901
897
894
891
887
883
880
877
874
871
—2.182

—1.991

)\/CHO

EL—
3

& z &d
] o N -
-~ -~ @ o
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -
1 (ppm)
Supplementary Figure 40. '"H NMR (400 MHz, CDCl;) spectrum of 2ap
< © -
© © ~ (=2
=] © o o n
o o ~ N
=] ©o N ~ ©
- - - N -
! ! [ Lo
)\/CHO
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0o -0

1 (ppm)

Supplementary Figure 41. *C NMR (101 MHz, CDCl;) spectrum of 2ap

32



3
NNNNNNNNNNNNNNNNNNNSNNNNSNS :
NSRRI AR ‘
o
/l '}
& & il
e ece -
N — N ™
T T T T T T T T T T T T T T T T T T T T T 1
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -
1 (ppm)
Supplementary Figure 42. "H NMR (400 MHz, CDCIl;) spectrum of 2ba
~ oo
[ N O ¢ © ~
© 0 oMo ©
~ S oiww ]
e codg &
! VN \
o
|
|
T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

Supplementary Figure 43. *C NMR (101 MHz, CDCl;) spectrum of 2ba

33



TTTOMODOMONNONTANN®M— oON Y © MW~
NOULLVLOOOULITOHNNNLMM®M [ i T NO
R R R A A Scooo NN
NNNMNNMNNNMNNNMNMNNMNNNNNNN ™™ NN - -
NAAERARNNNNGSAAERERL 2RSS 0
(0]
i
|
|
| I
& LY 3 u
e ee < -
N — N N (e}

T T T T T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)

Supplementary Figure 44. '"H NMR (400 MHz, CDCl;) spectrum of 2bb
n = 0 v O
< oM WON wn
~ N o el
o © oo~ © ]
=~ ™ MmN N - .
] 22FF ™ ©
! Y ! !
(o}
I

| | I

T T T T T T T T T T T T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

Supplementary Figure 45. *C NMR (101 MHz, CDCl;) spectrum of 2bb

34



MNMNNMMMNMMMMNNMNNMNNS MOANNNNNNNNN
e e N
©f§
|
|
. L A I

¢ 5 B

ceeee - -

P o o

T T T T T T T T T T T T T T T T T T T T T 1
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -
1 (ppm)
Supplementary Figure 46. '"H NMR (400 MHz, CDCl;) spectrum of 2bc
™« oW T NW
& 8 838 8 B
~ O T ©Wm @ ]
n MM NNN n n
- DL © ~
[ VNS ! !
@E@
)
|
|
T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

Supplementary Figure 47. *C NMR (101 MHz, CDCl;) spectrum of 2bc

35



225
220
209
203
201

7.542

7.540

7:583

T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05

1 (ppm)
Supplementary Figure 48. '"H NMR (400 MHz, CDCIl;) spectrum of 2bd
T RSB

10 200 190 180 170 160 150 140 130 120 1f11o( 1o)o 90 8 70 60 50 40 30 20
ppm

Supplementary Figure 49. *C NMR (101 MHz, CDCl;) spectrum of 2bd

36



10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05
1 (ppm)

Supplementary Figure 50. '"H NMR (400 MHz, CDCl;) spectrum of 2be

-t 0o

N
< QNN O
< T o ®
) REESE
- e e
| SN

10 200 190 180 170 160 150 140 130 120 1f11o( 1o)o 90 8 70 60 50 40 30 20
ppm

Supplementary Figure 51. *C NMR (101 MHz, CDCl;) spectrum of 2be

37



g

I\

2 9
©
T

3.92« -
—
-

T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
1 (ppm)

Supplementary Figure 52. '"H NMR (400 MHz, CDCl;) spectrum of 2bf

—196.719
~137.484

132.373
f 129.999
~128.214

T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40
1 (ppm)

Supplementary Figure 53. *C NMR (101 MHz, CDCl;) spectrum of 2bf

38



veLe—

8oL
Vv'L
6LvL
£8rL
871
68v'L
86v'L
105°2
505°2 1
22811
128°2
veg'L]
2veL ]
982 ]
£68°L |
198°2 1
982 1
2182
€08 ;
18081
evos |
550'8 <
1508+
290'g/

689'8
1698
6698

00.L'8

45 40 35 30 25 20 15 10 05 0.0 -

5.0
1 (ppm)

Supplementary Figure 54. "H NMR (400 MHz, CDCl;) spectrum of 2bg

6.0 5.5

6.5

90 85 80 75 7.0

9.5

10.5

Ly9'SC —

LSz —
156°9¢1L —

289°9€L —

[44:%:14 T
6G€°€SL —

026'661 —

90 80 70 60 50 40 30 20 10

100

1 (ppm)

Supplementary Figure 55. *C NMR (101 MHz, CDCl;) spectrum of 2bg

200 190 180 170 160 150 140 130 120 110

10

39



0gv'L
ovp'L
ovyL
SGb°L
9Gh°L |
8167, 1
225,
9€5°L 1
955°L |
19G°L
109+
AR
119°2
€29°L
££9°2
9£9°L ]
959°2 ]
699°2 ]
029°L
089°L
689°L
Zve'L ]
1882
650°8 |
z90'e |
080°8

£20°€

v0'Z
Az0'L
2002

2.0

T T T T T T T T T T T T T T T
9.0 70 6.5 5.0 45 2.5

9.5

10 05 0.0 <

1.5

35 3.0

4.0

5.5

6.0

80 75

8.5

10.5

1 (ppm)

Supplementary Figure 56. '"H NMR (400 MHz, CDCl;) spectrum of 2bh

198°121
seegzl |
95871 W
£0s'8zL
0£8'82} x
8Ev 05l
v89°ZEL \
969°VEL

ozo'sel
189°'vvL

——=

Lveo6lL —

190 180 170 160 150 140 130 120 110 f“ 200 ) 90 80 70 60 50 40 30 20 10
ppm
Supplementary Figure 57. *C NMR (101 MHz, CDCl;) spectrum of 2bh

00

40



0002
100°2 4
S10°Z
£€0°2
840°Z
€90°Z
0S€°Z
65€°Z 1
09€°Z
S9€°Z
0L£°Z
S1£2
08€°2 |
¥8¢'C 1
06£Z
S6€°Z |
SIY'Z
0Zv'e
£ev'e |
svr'e’

009

0€0'9
200°L
cLo’L
ceo’L
L20°L
LE0°L
Ly0'L

§66'G
ccc.w%

0209
mNo.wN

Fery

40 35 30 25 20 15 10 05 0.0

45
1 (ppm)

Supplementary Figure 58. '"H NMR (400 MHz, CDCl;) spectrum of 2bi

85 80 75 70 65 60 55 50

9.5 9.0

).0

ceV'TT ~
¢LE'ST —

108°L€ —

vis6zL —

8.6°0S1L —

6v1'661 —

90 80 70 60 50 40 30 20 10

100

1 (ppm)

Supplementary Figure 59. *C NMR (101 MHz, CDCl;) spectrum of 2bi

200 190 180 170 160 150 140 130 120 110

10

41



N~ 00 OO NDOWMWDMAN
T NO ™ VOT OO WK
IYIT BNHNANNG QDS
NN NN FTTTTTTTTTTO0OO0OOC

?

"

23 2T &

S o ®» o o

[N - © o
T T T T T T T T T T T T T T T T T T T T T
10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

1 (ppm)

Supplementary Figure 60. '"H NMR (400 MHz, CDCl;) spectrum of 2bj

— 209.226
—43.633

T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 “ ’;10 )100 20 80 70 60 50 40 30 20
ppm

Supplementary Figure 61. *C NMR (101 MHz, CDCI;) spectrum of 2bj

42



862°L
gL

Leoe
£V0°E
9290°¢
880°€
vsh'e

[2:1584 7
wmr.m\
mcw.m\
evy'e
LLEY
vee'y
€6E'Y
0oty
60V'y
vy
vy
LEV'y
194
vy
vsv'v

OH

JL

Ferz

Heo |

T
5.0

5.5

T
6.0

6.5

7.0

00'C
520

&
<
N
T T T
8.5 7.5

9.0

9.5

4.0

4.5

8.0

).0

1 (ppm)

Supplementary Figure 62. '"H NMR (400 MHz, CDCl;) spectrum of 4

ez —

vov' oy —

0176'€9 —

1667221~
vz9'8zL
915°€€L —
655951

628002 —

OH

90 80 70 60 50 40 30 20 10

100

1 (ppm)

Supplementary Figure 63. *C NMR (101 MHz, CDCl;) spectrum of 4

200 190 180 170 160 150 140 130 120 110

10

43



9.6’}
€66°L
800°C
vzoe
920°¢c
1414
886°C —

60L°¢
hNF.mW
14432
8LL'E
mmh.mw
8vL'e

gev' Ly
9Ey'L
LSY'L o
ySy'L
19%°L 4
0Lb'LA
GEG"L
8€G°L L
Tvs L]
2s5°L
1SS°L _ﬁ

=~

zL5°L]
5152
851 |
656°L
296°L
086°L
€86°L

OH

o

07
Foso
07

Feoe

45 40 35 30 25 20 15 10 05 0.0 -

5.0
1 (ppm)

Supplementary Figure 64. '"H NMR (400 MHz, CDCl;) spectrum of 6
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Supplementary Figure 65. *C NMR (101 MHz, CDCl;) spectrum of 6
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Supplementary Figure 66. '"H NMR (400 MHz, CDCIl;) spectrum of 2aq
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Supplementary Figure 67. *C NMR (101 MHz, CDCl;) spectrum of 2aq
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Supplementary Figure 68. ’F NMR (376 MHz, CDCl;) spectrum of 2aq
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Supplementary Figure 70. *C NMR (101 MHz, CDCl;) spectrum of 2bk
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