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1. General information.

1.1 Materials and Methods

Reagents were purchased from Aldrich, TCI, Energy Chemical and J&K Reagents
were purchased from Aldrich, TCI, Energy Chemical and J&K chemical, and were used
as received. All reactions were carried out in oven-dried glassware under an atmosphere
of argon unless otherwise noted. Chromatographic purification of products was
accomplished by flash chromatography using silica gel. Thin-layer chromatography
(TLC) was performed on Silicycle 250 mm silica gel F-254 plates. 'H and °C NMR
spectra were recorded on an Agilent 400 (400 and 100 MHz) or Varian 400 (400 and
100 MHz), and are internally referenced to residual protio solvent signals (CDCls, &
7.26 and 77.0 ppm). Data for '"H NMR are reported as follows: chemical shift (5 ppm),
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad),
integration, coupling constant (Hz). "’C spectra were reported as chemical shifts in ppm
and multiplicity where appropriate. GC analyses were carried out on Agilent 7890B
Infinity system. High Resolution Mass spectra were obtained from Thermo Fisher Q-

Exactive High-resolution MS.
1.2 Electrochemical Measurements

Cyclic voltammetry experiments were carried out with a. CHI760E. electrochemical
workstation (Shanghai Chenhua Instrument Plant, China) using a one compartment
electrolysis cell consisting of a typical glassy carbon working electrode (3 mm
diameter), a platinum wire counter electrode, and a Ag/AgCl reference electrode.
Before performing electrochemical cleaning, the electrode should be sonicated in
ethanol and deionized water for 1~3 mins respectively to obtain a clean electrode. There
is no graininess on the electrode surface when polishing on a Microcloth polishing
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fleece coated with 1 uM and 0.05 uM alumina powder (both purchased from Shanghai
Chenhua) and the polishing can be stopped. The electrode also consists of a porous plug
on the one end which will allow contact between the field environment with the silver
chloride electrolyte. Saturated potassium chloride is added inside the body of the
electrode to stabilize the silver chloride concentration and in this condition the
electrode’s reference potential is known to be +0.197 V at 25 °C. The measurements
were done in 0.001 M CH3;CN solution with 0.1 M tetrabutylammonium
hexafluorophosphate (n-BusNPF¢, TCI, Electrochemical grade) as supporting
electrolyte at a scan rate of 200 mV/s. The redox potential was calibrated after each
experiment against the ferrocenium/ferrocene couple (Fc'/Fc), which allowed
conversion of all potentials to the aqueous saturated calomel electrode (SCE) scale by
using Eq (Fc'/Fc) =—0.20 V vs. SCE in CH3CN. The working solution was frozen and
thaw three times under argon before measurement and then kept under a positive argon

pressure during the measurement.
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2. Mechanistic experiments.
2.1 UV-Visible absorption and emission Spectra

UV-Vis spectra were collected on an Agilent Cary 5000 spectrophotometer. Emission
spectra were collected on a Fluorolog-3 spectrofluorometer. Bisphosphonium catalyst
3 was degassed with a stream of Argon for 10 minutes, and then excited at 380 nm for

the collection of the emission spectra.
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Figure S1. UV-Vis spectra of Bisphosphonium catalyst 3.
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Figure S2. Emission spectra of Bisphosphonium catalyst 3.
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2.2 Luminescence Quenching Experiments (Stern-Volmer Studies).

Emission intensities were recorded using a Fluorolog-3 luminescence spectrometer.
Bisphosphonium catalyst 3 was excited at 380 nm and the emission intensity was
collected at 435 nm. In a typical experiment, to a 1*10™* M solution of bisphosphonium
catalyst 3 in TFE was added the appropriate amount of p-methoxy benzylic in a screw-
top quartz cuvette. After degassing the sample with a stream of argon for 10 minutes,

the emission of the sample was collected.
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Figure S3. Stern-Volmer quenching experiments.

2.2 Kinetic isotope effect (KIE) experiment.

KIE determined from two parallel reaction:

H) H Q o 2 mol% photocatalyst o)
2 mol% cobaloxime catalyst
OH or O OH  "TFE (0.2 M), LEDs (xmax = 400 nm, 2.5 W), rt. HID KIE = k/kp = 2.1
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Figure S4. Rares of the selective oxidation of PhCH,OH and PhCD,OH.

A 8-mL vial was charged with benzyl alcohol (0.2 mmol), bisphosphonium salt 3
(0.004 mmol, 2 mol%) and Co™'(dmgH),pyCl (0.004 mmol, 2 mol%) in TFE (1 mL)
under N, atmosphere, and n-nonane (20 pL, 0.2 mmol) was added to the reaction
mixture as an internal standard. At each designated time interval, the solution was taken
from the vial with a micro syringe (50 puL). The quantification of the products was
determined by gas chromatography. The rate of the reaction for PhCD,OH (0.2 mmol)
was performed under the same conditions.

KIE determined from Intermolecular competitive:

o o
2 mol% photocatalyst
2 mol% cobaloxime catalyst H) + 0 KIE = [PH]/[Pp] = 2.0
TFE (0.2 M), LEDs (Amax = 400 nm, 2.5 W), r.t.

10 10-d

A 8-mL vial was charged with PhCH,OH (0.1 mmol), PhCD,OH (0.1 mmol),
bisphosphonium salt 3 (0.004 mmol, 2 mol%) and Co"(dmgH),pyCl (0.004 mmol, 2
mol%) in TFE (1 mL) under N, atmosphere. The solution then stirred at ambient

temperature under the irradiation of 400 nm LED (photon flux, 2.5 W/cm?) for 5 min.
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After then, the products were determined by TLC and GC-MS. Then the pure product
was obtained by flash column chromatography on silica gel (1% diethyl ether in
pentane) to afford corresponding stilbene derivatives 10/10-d in 10% yield. '"H NMR
spectra for the isolated product indicated that the ratio of 10:10-d is 2.0:1.

KIE determined from Intramolecular competitive:

(o} o
H Q 2 mol% photocatalyst
OH 2 mol% cobaloxime catalyst o + H KIE = [Pu]/[Pp] = 2.0
TFE (0.2 M), LEDs (Amax = 400 nm, 2.5 W), r.t.

10-d 10

A 8-mL vial was charged with P\CHDOH (0.2 mmol), bisphosphonium salt 3 (0.004
mmol, 2 mol%) and Co"(dmgH),pyCl (0.004 mmol, 2 mol%) in TFE (1 mL) under N,
atmosphere. The solution then stirred at ambient temperature under the irradiation of
400 nm LED (photon flux, 2.5 W/cm?) for 5 min. After then, the products were
determined by TLC and GC-MS. Then the pure product was obtained by flash column
chromatography on silica gel (1% diethyl ether in pentane) to afford corresponding
stilbene derivatives 10/10-d in 10% yield. "H NMR spectra for the isolated product

indicated that the ratio of 10-d:10 is 2.0:1.
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3. Reaction optimization.

OH (0]
2 mol% bisphosphonium salt 3
2 mol% cobaloxime catalyst H
slovent (0.2 M), LEDs (Amax = 400 nm, 2.5 W), r.t.

F F

Entry Slovent yield? conv.?
1 TFE 98% 100%
2 HFIP 56% 58%
3 MeOH 35% 48%
4 MeCN 85% 100%
5 Acetone 54% 54%
6 DCM 78% 100%
7 DCE 58% 61%
8 Toluene 14% 16%
9 PhCF3 24% 26%
10 EA 17% 18%
1" DMSO 6% 18%
12 DMF 2% 2%

4Reaction conditions: A solution of 4-fluorobenzyl alcohol (0.2 mmol), bisphosphonium salt 3 (2 mol%) and cobaloxime catalyst (2 mol%) in
solvent (1 mL) was irradiated with 2.5 W 400 nm LEDs for 6 hours at room temperature under argon atmosphere. ?Yield was determined
by GC analysis of the crude mixture using PhOMe as an internal standard.

Table S1. Evaluation of the solvents.

OH o}
x mol% bisphosphonium salt 3
x mol% cobaloxime catalyst H
TFE (0.2 M), LEDs (Amax = 400 nm, 2.5 W), r.t.
F F
Entry Equivalent of cat. yield? conv.?
1 x=0.5 28% 28%
2 x=1 60% 65%
3 x=2 98% 100%
4 x=3 94% 100%
5 x=4 90% 100%

4Reaction conditions: A solution of 4-fluorobenzyl alcohol (0.2 mmol), bisphosphonium salt 3 and cobaloxime catalyst in solvent (1 mL) was
irradiated with 2.5 W 400 nm LEDs for 6 hours at room temperature under argon atmosphere. ?Yield was determined by GC analysis of the
crude mixture using PhOMe as an internal standard.

Table S2. Evaluation of the bisphosphonium salt 3 and cobaloxime catalysy loading.
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Figure S5. Reaction time profiles of 4-Fluorobenzyl alcohol and 4-Fluorobenzaldehyde in

photocatalytic selective oxidations.

OH (]
2 mol% photocatalyst
2 mol% cobaloxime catalyst H
TFE (0.2 M), LEDs (Amax = 400 nm, 2.5 W), r.t.
F F
Entry conditions yield® conv.? S.T.Y.[mmoli/(L*h)]
1 batch 98% 100% 32.7
2 batch, 2.0 mmol 68% 74% 227
3 flow 93% 98% 155.0

4Batch conditions: A solution of 4-fluorobenzyl alcohol (0.2 mmol), photocatalyst (2 mol%) and cobaloxime catalyst (2 mol%) in TFE (1 mL)
was irradiated with 2.5 W 400 nm LEDs for 6 hours at room temperature under argon atmosphere. Flow conditions: A solution of 4-
fluorobenzyl alcohol (3.0 mmol), photocatalyst (2 mol%) and cobaloxime catalyst (2 mol%) in TFE (15 mL) was fed into the reaction coil
(¢1/8 inch*4 m, t. = 90 min) via a syringe pump with flow rate 50 pL/min and irradiated with 2.5 W 400 nm LEDs at room temperature. ?Yield
was determined by GC analysis of the crude mixture using PhOMe as an internal standard.

Table S3. Comparation between batch and flow.
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4. General Procedure.

4.1 General procedure for preparation of the bisphosphonium salts.
Bisphosphonium catalyst 3': A mixture of Cu(OTf), (3.62 g, 10.0 mmol, 1.0 equiv.)
and Binap (6.23 g, 10.0 mmol, 1.0 equiv.) in acetonitrile (300 mL) was stirred at room
temperature for 30 min. The solvent was evaporated and the crude mixture was purified
on silica gel chromatography (20% acetone in dichloromethane). The eluting yellow
band was collected, and the resulting solution was concentrated under vacuum to a
volume of 10 mL. Addition of diethyl ether (40 mL) caused the precipitation of
compound 1 as a microcrystalline solid, which was washed with hexane (2 x 20 mL).
Slow diffusion of diethyl ether into a concentrated solution of 1 in acetonitrile afforded
yellow crystals (2.04 g, 22% yield). '"H NMR (400 MHz, acetone-dg): & = 8.93-8.90
(m, 2H), 8.80-8.74 (m, 4H), 8.36-8.29 (m, 4H), 8.00-7.94 (m, 12H), 7.82-7.77 (m, 8H).
3C NMR (100 MHz, acetone-de): & = 140.5 (d, J = 8 Hz), 139.7 (s), 137.8 (d, /=9
Hz), 136.9 (d, J=2 Hz), 136.0 (d, /= 13 Hz), 135.5 (d, /=13 Hz), 133.7 (dd, J = 12,
5Hz), 131.7 (d, /=14 Hz), 131.4-130.9 (m), 130.1 (dd, J= 11, 6 Hz), 120.3 (s), 119.7
(s), 117.6 (s), 117.1 (s), 113.6 (s), 113.0 (s). ’F NMR (376 MHz, acetone-de): & =
—78.91. *'P NMR (acetone-dg): & = 2.82.

Bisphosphonium catalyst 6°: A mixture of Cu(OTf), (434 mg, 1.2 mmol, 0.6 equiv.)
and triphenylphosphine (877 mg, 2.0 mmol, 1.0 equiv.) in acetonitrile (20 mL) was
stirred at room temperature for 3 h. The solvent was evaporated and the crude mixture
was purified on silica gel chromatography (1% methanol in dichloromethane). A yellow

powder was obtained (400 mg, 34% yield). (The triphenylphosphine were synthesized
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according to literature procedures. °) "H NMR (400 MHz, CDCL3): & = 8.77 (s, 1H),
8.62-8.56 (m, 2H), 8.33-8.30 (m, 1H), 8.18-8.16 (m, 1H), 8.11-8.05 (m, 1H), 7.95-7.88
(m, 3H), 7.75-7.61 (m, 13H). *C NMR (100 MHz, CD,CL,): § = 140.2 (d, J = 5 Hz),
138.0 (d, /=3 Hz), 137.9 (d, J = 8 Hz), 136.3 (s), 138.0 (d, /=3 Hz), 137.9 (d, /=8
Hz), 136.3 (s), 135.1 (d, /=2 Hz), 134.7 (d, /=9 Hz), 134.5 (s), 134.3 (d, /=10 Hz),
132.9 (s), 131.6 (d, /=2 Hz), 131.1 (d, /= 13 Hz), 130.5 (d, /= 8 Hz), 129.8 (d, J =
13 Hz), 129.7 (d, J =53 Hz), 127.8 (s), 127.4 (d, J =11 Hz), 126.0 (d, /= 6 Hz), 125.8
(d,J=15Hz), 115.1 (d,J=89 Hz), 111.1 (d,J=93 Hz),. "F NMR (376 MHz, CDCL):
§ =—78.03.*'P NMR (162 MHz, CDCL): & = 4.36.

Bisphosphonium catalyst 7*: 1,4-bis(diphenylphosphino)naphtalene (160 mg, 0.32
mmol,1 equiv.), diphenylacetylene (140 mg, 0.78 mmol, 2.4 equiv.) and Cu(OTY), (468
mg, 1.30 mmol, 4 equiv.) were dissolved in 32 mL of degazed acetonitrile. The mixture
was heated at 100°C overnight. The solvent was evaporated and the crude mixture was
purified on silica gel chromatography (20% acetone in dichloromethane). A yellow
powder was obtained (100 mg, 54% yield). '"H NMR (400 MHz, CDCL): § = 8.42-
8.37 (m, 2H), 7.89-7.83 (m, 8H), 7.77-7.74 (m, 4H), 7.69-7.65 (m, 8H), 7.63 (s, 2H),
7.32-7.31 (m, 4H), 7.25-7.19 (m, 6H), 7.05-7.02 (m, 2H), 6.95 (t, /= 7.6 Hz, 4H), 6.73-
6.71 (m, 4H). *C NMR (100 MHz, CD,Cl,): 5 = 160.2-160.1 (m), 136.8 (s), 136.7 (d,
JC-P = 14 Hz), 136.4-136.1 (m), 135.2 (d, /=11 Hz), 133.2 (d, J = 15 Hz), 132.5 (s),
131.3 (d, /=4 Hz), 131.2 (d, J = 14 Hz), 130.5 (s), 129.9-129.8 (m), 129.4 (s), 129.4
(s), 129.0 (s), 129.0 (s), 122.3 (d,J=79 Hz), 118.9 (d, /= 74 Hz), 118.4 (d, /=92 Hz).

F NMR (376 MHz, CDCl): § = —78.24. *'P NMR (162 MHz, CDCl;): § = 1.13.
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Bisphosphonium catalyst 8°: 1,4-bis(diphenylphosphino)naphtalene (499 mg, 1.0
mmol, 1 equiv.), Bis-(4-fluorophenyl)acetylene (580 mg, 2.4 mmol, 2.4 equiv.) and
Cu(OTY), (1.45 g, 4.0 mmol, 4.0 equiv.) were dissolved in 100 mL of degazed
acetonitrile. The mixture was heated at 100 °C overnight. The solvent was evaporated
and the crude mixture was purified on silica gel chromatography (20% acetone in
dichloromethane). A yellow powder was obtained (300 mg, 25 % yield). '"H NMR (400
MHz, CD,CL): 6 = 8.37-8.33 (m, 2H), 7.90-7.80 (m, 12H), 7.71-7.66 (m, 10H), 7.38-
7.34 (m, 4H), 7.00 (t, J = 8.8 Hz, 4H), 6.75-6.69 (m, 8H). *C NMR (100 MHz,
CD,ClL): 6=164.2 (d,J =14 Hz), 161.8 (d, J = 16 Hz), 159.9 (s), 136.6 (s), 136.2 (d,
J=1Hz), 1359 (d, /=22 Hz), 135.1 (d, /=11 Hz), 134.5 (d, /=27 Hz), 133.3 (d, J
=7 Hz), 132.5 (d, /= 8 Hz), 130.9 (d, J = 14 Hz), 129.9 (d, /=58 Hz), 1289 (d, J =
99 Hz), 122.7 (d,J=31 Hz), 121.7 (s), 119.7 (s), 118.2 (d, /=92 Hz), 116.2 (d, J =22
Hz), 116.0 (d, /=22 Hz). ’F NMR (376 MHz, CD,Cl,): 5=-78.50,—111.11,-111.82.
3P NMR (162 MHz, CD,CL): § = 1.5.

Bisphosphonium salt 9: 1,4-bis(diphenylphosphino)naphtalene (499 mg, 1.0 mmol,
1 equiv.), Bis-(4-(trifluoromethyl)phenyl)acetylene (430 mg, 2.4 mmol, 2.4 equiv.) and
Cu(OTY), (1.45 g, 4.0 mmol, 4.0 equiv.) were dissolved in 100 mL of degazed
acetonitrile. The mixture was heated at 100 °C overnight. The solvent was evaporated
and the crude mixture was purified on silica gel chromatography (20% acetone in
dichloromethane). A yellow powder was obtained (369 mg, 26 % yield). '"H NMR (400
MHz, CDCl): 6 = 8.23-8.19 (m, 2H),7.95-7.90 (m, 8H), 7.81-7.75 (m, 4H), 7.72-7.67

(m, 8H), 7.57-7.54 (m, 5H), 7.51-7.49 (m, SH), 7.28-7.26 (m, 4H), 6.96-6.94 (m, 4H).
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3C NMR (100 MHz, CDCl;): & = 158.8 (t, J= 3 Hz), 139.5 (d, J = 13 Hz), 136.2 (s),
135.9 (s), 135.5 (d, J= 8 Hz), 135.3 (t,J= 11 Hz), 134.9 (d, J= 12 Hz), 134.2 (d, J =
11 Hz), 132.4 (d,J= 15 Hz), 131.4 (d, J=3 Hz), 131.2-130.7 (m), 130.8 (d, /= 14 Hz),
130.5 (s), 129.9 (t, J = 7 Hz), 129.1 (d, J = 13 Hz), 127.4 (d, J = 26 Hz), 125.5 (m),
124.7 (d,J=26 Hz), 122.1 (d,J=11 Hz), 121.9 (t, /=4 Hz), 121.0 (d, J= 4 Hz), 119.0
(s), 117.7 (d, J = 77 Hz), 117.3 (d, J = 91 Hz). ’F NMR (376 MHz, CDCl;): & =
—63.01, —63.13, —78.38. *'P NMR (162 MHz, CDCls): & = 1.43.

Characterization of Bisphosphonium salt 9:
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Figure S6. '"H NMR spectrum of bisphosphonium salt 9 (in CDCl).
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Figure S7. °C NMR spectrum of bisphosphonium salt 9 (in CDCl;).
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Figure S8. "°F NMR spectrum of bisphosphonium salt 9 (in CDCLy).
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Figure S9. °'P NMR spectrum of bisphosphonium salt 9 (in CDCLy).
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Figure S10. Cyclic voltammogram of bisphosphonium catalyst 9 recorded in acetonitrile with

BusN'PF¢ (0.1 M) at a scan rate of 200 mVs . Potentials vs Ag/AgCl.
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Figure S11. UV-vis absorption spectrum of bisphosphonium catalyst 9.
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Figure S12. Emission spectrum of bisphosphonium catalyst 9.

4.2 General procedure for bach reactions.

A customized photoredox reaction setup was used for parallel photoredox reactions

to ensure the reaction efficiency and data reproducibility, in which up to 24 reactions
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can be performed simultaneously under identical conditions. The reaction vials which
were placed in the water-cooled aluminum heat block were irradiated by the LED chips
underneath. Through the effective cooling of the LED chips and reaction vails by the
aluminum plate with continuous water flow, the heating effect of the high-power LEDs
can be offset and the reaction temperature can be maintained at ambient temperature.
Through this design, identical irradiation intensity and ambient temperature can be

guaranteed for each reaction to ensure data consistency.

J

_—— wateroutlet
— waterinlet

water-cooled
aluminum heat block A

water-cooled

LED plate stir plate:

30 cm x 30 cm

Figure S13. The batch reaction set-up.

General Procedure for photocatalytic reaction: A 8-mL vial was charged with alcohol
(1.0 equiv.), bisphosphonium salt (0.02 equiv.) and Co" (dmgH),pyCl (0.02 equiv.) in
TFE (0.2 M). The vial was sealed with a polytertrafluoroethylene-lined cap, the reaction
mixture was degassed by Argon sparging for 10 min, then irradiated with 400 nm LED
(photon flux, 2.5 W/cm?). The reaction was stirred under irradiation at ambient
temperature for 6-12 h. The reaction mixture was evaporated in vacuo, the residue was
purified by flash chromatography.

4.3 General procedure for continuous flow photoreactions.
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Figure S14. The continuous-flow reaction set-up.

Wrap the tubing evenly around the outside of the 400 nm LED lights (photon flux,
2.5 W/cm®), and the total interal volume of the tubing is 8.0 mL. 400 nm LED lights
were placed perpendicular to the LFR plates with 5 cm distance (photon flux, 2.5
W/cm?). The photoreactor was placed in a thermostatic circulator to maintain an
absolute room temperature of 24 °C, during the reaction. The liquid solution of the
catalysts and reagents was loaded into micro syringe (25 mL) under Argon, then
conveyed to the photoreactor with a syringe pump (FLOM, DUAL Pump, KP-22-13DC,
30-50 puL/min) through a section of 1/8” PFA tubing. The reactor effluent was collected,

processed and analyzed.
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5. Experimental procedures and spectral characterization of the products.

H
o
F
4-Fluorobenzaldehyde® (5): According to the general procedure, 4-fluorobenzyl
alcohol (25.2 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7 mg, 4 umol,
0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 pmol, 0.02 equiv.), and TFE (1 mL) was used.
Under the irradiation of 400 nm LED for 6 h, colorless oil was obtained by flash
chromatography (1% diethyl ether in pentane). Due to the low boiling point of the
product, yield (96% yield) determined by GC-FID analysis with 20 pL PhOMe as
internal standard. '"H NMR (400 MHz, CDCL): & = 9.96 (s, 1H), 7.92-7.89 (m, 2H),
7.22-7.18 (m, 2H); *C NMR (100 MHz, CDCL): & = 190.5, 166.5 (d, Jr.c = 255 Hz),

132.9 (d, Jr.c = 30 Hz), 132.2 (d, Jr.c = 9 Hz), 116.3 (d, Jr.c = 22 Hz).

H
o
Benzaldehyde’ (10): According to the general procedure, benzyl alcohol (21.6 mg, 0.2
mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7 mg, 4 pumol, 0.02 equiv.),
Co(dmgH),pyCl (1.6 mg, 4 umol, 0.02 equiv.), and TFE (1 mL) was used. Under the
irradiation of 400 nm LED for 6 h, colorless oil was obtained by flash chromatography
(1% diethyl ether in pentane). Due to the low boiling point of the product, yield (94%
yield) determined by GC-FID analysis with 20 pL n-nonane as internal standard. 'H
NMR (400 MHz, CDCl3): 6 = 9.99 (s, 1H), 7.86-7.84 (m, 2H), 7.62-7.58 (m, 1H),

7.52-7.48 (m, 1H); >C NMR (100 MHz, CDCl3): 5 = 192.3, 136.2, 134.3, 129.6, 128,9.
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Me H
oa
2-Methylbenzaldehyde® (11): According to the general procedure, 2-methylbenzyl
alcohol (24.4 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7 mg, 4 pmol,
0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 pmol, 0.02 equiv.), and TFE (1 mL) was used.
Under the irradiation of 400 nm LED for 6 h, 17.7 mg of colorless oil was obtained (74%
yield) by flash chromatography (1% diethyl ether in pentane). '"H NMR (400 MHz,
CDClL): 6=10.18 (s, 1H), 7.72 (d, J= 7.6, 1H), 7.41 (td, J= 7.2, 1.6 Hz, 1H), 7.28 (t,
J=6.8 Hz, 1H), 7.18 (d, J= 7.6 Hz, 1H), 2.60 (s, 3H); *C NMR (100 MHz, CDCl;):

0=192.2,140.0, 133.7, 133.2, 131.6, 131.3, 125.9, 19.1.

H
ﬁo
Bu

4-(tert-Butyl)benzaldehyde’ (12): According to the general procedure, 4-(tert-
butyl)benzyl alcohol (32.8 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7
mg, 4 pmol, 0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 pmol, 0.02 equiv.), and TFE (1
mL) was used. Under the irradiation of 400 nm LED for 6 h, 30.8 mg of colorless oil
was obtained (95% yield) by flash chromatography (1% diethyl ether in pentane). 'H
NMR (400 MHz, CDCl): 6 = 9.96 (s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.54 (d, /= 8.4
Hz, 2H), 1.34 (s, 9H); *C NMR (100 MHz, CDCL): & = 192.0, 158.3, 133.9, 129.6,

125.9, 35.2, 30.9.

@O
Ph

4-Phenylbenzaldehyde® (13): According to the general procedure, 4-phenylbenzyl
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alcohol (36.8 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7 mg, 4 umol,
0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 pmol, 0.02 equiv.), and TFE (1 mL) was used.
Under the irradiation of 400 nm LED for 6 h, 36.1 mg of white powder was obtained
(99% yield) by flash chromatography (1% diethyl ether in pentane). '"H NMR (400
MHz, CDCl3): 6 = 10.06 (s, 1H), 7.97-7.94 (m, 2H), 7.76-7.74 (m, 2H), 7.65-7.62 (m,
2H), 7.51-7.46 (m, 2H), 7.45-7.40 (m, 1H); *C NMR (100 MHz, CDCL): & = 191.8

147.1, 139.6, 135.1, 130.2, 128.9, 128.4, 127.6, 127.3.

H
@°
MeO

4-methoxy benzaldehyde’ (14): According to the general procedure, 4-methoxybenzyl
alcohol (27.6 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7 mg, 4 umol,
0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 pmol, 0.02 equiv.), and TFE (1 mL) was used.
Under the irradiation of 400 nm LED for 6 h, 21.5 mg of colorless oil was obtained (79%
yield) by flash chromatography (1% diethyl ether in pentane). '"H NMR (400 MHz,
CDCly): & = 9.85 (s, 1 H), 7.82-7.78 (m, 2H), 6.98-6.95 (m, 2H), 3.85 (s, 3H); "*C

NMR (100 MHz, CDCL3): 6 = 190.7, 164.5, 131.9, 129.8., 114.2, 55.5.

H
@°
F4CO

4-(trifluoromethoxy)benzaldehyde® (15): According to the general procedure, 4-
(Trifluoromethoxy)benzyl alcohol (38.4 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium
catalyst 3 (3.7 mg, 4 umol, 0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 umol, 0.02 equiv.),

and TFE (1 mL) was used. Under the irradiation of 400 nm LED for 6 h, 35.0 mg of
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light yellow oil was obtained (92% yield) by flash chromatography (1% diethyl ether
in pentane). "H NMR (400 MHz, CDCL): & = 10.02 (s, 1H), 7.97-7.94 (m, 2H), 7.37
(d, J = 8.8 Hz, 2H); *C NMR (100 MHz, CDCl;): 5 = 190.4, 153.4 (d, Jr.c = 2 Hz),

134.5,131.4, 120.6, 120.2 (d, Jr.c =257 Hz).

H

@°
AcO

4-(acetoxy)benzaldehyde' (16): According to the general procedure, 4-
(acetoxy)benzyl alcohol (33.2 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3
(3.7 mg, 4 umol, 0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 pmol, 0.02 equiv.), and TFE
(1 mL) was used. Under the irradiation of 400 nm LED for 6 h, 27.9 mg of yellow oil
was obtained (85% yield) by flash chromatography (1% diethyl ether in pentane). 'H
NMR (400 MHz, CDCl3): 6 =9.98 (s, 1H), 7.91 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.8
Hz, 2H), 2.33 (s, 3H); *C NMR (100 MHz, CDCl;): 5 = 190.8, 168.6, 155.1, 133.8,

131.0, 122.2, 20.9.

H
/@O
Bpin
4-Borylated benzaldehyde'' (17): According to the general procedure, (4-(4,4,5,5-
Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)methanol (46.8 mg, 0.2 mmol, 1.0 equiv.),
bisphosphonium catalyst 3 (7.3 mg, 8 umol, 0.04 equiv.), Co(dmgH),pyCl (3.2 mg, 8
umol, 0.04 equiv.), and TFE (1 mL) was used. Under the irradiation of 400 nm LED
for 6 h, 36.2 mg of white powder was obtained (78% yield) by flash chromatography

(1% diethyl ether in pentane). "H NMR (400 MHz, CDCl3): 5 = 10.04 (s, 1H), 7.96 (d,
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J=8.0 Hz, 2H), 7.86 (d, J = 8.0 Hz, 2H), 1.36 (s, 12H); *C NMR (100 MHz, CDCl;):

0 =192.6,138.0, 135.2, 128.7, 84.3, 24.8.

Cl H
oA
2-Chlorobenzaldehyde'* (18): According to the general procedure, 2-chlorobenzyl
alcohol (28.5 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7 mg, 4 umol,
0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 pmol, 0.02 equiv.), and TFE (1 mL) was used.
Under the irradiation of 400 nm LED for 6 h, 21.4 mg of colorless oil was obtained (76%
yield) by flash chromatography (1% diethyl ether in pentane). '"H NMR (400 MHz,
CDCl3): 6=10.45 (s, 1H), 7.88 (dd, J=7.6 1.6 Hz, 1H), 7.52-7.48 (m, 1H), 7.43-7.40
(m, 1H), 7.38-7.33 (m, 1H); ®C NMR (100 MHz, CDCL): § = 189.7, 137.8, 135.0,

132.3,130.5, 129.2, 127.2.

4-Chlorobenzaldehyde® (19): According to the general procedure, 4-chlorobenzyl
alcohol (28.5 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7 mg, 4 umol,
0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 pmol, 0.02 equiv.), and TFE (1 mL) was used.
Under the irradiation of 400 nm LED for 6 h, 24.6 mg of colorless oil was obtained (88%
yield) by flash chromatography (1% diethyl ether in pentane). '"H NMR (400 MHz,
CDCl): § =9.96 (s, 1H), 7.80 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H); C NMR

(100 MHz, CDCl;): 6 = 190.8, 140.9, 134.7, 130.8, 129.4.

H
Cl
¢}
Cl
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3,4-dichlorobenzaldehyde” (20): According to the general procedure, 3,4-
dichlorobenzyl alcohol (35.4 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7
mg, 4 pmol, 0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 pmol, 0.02 equiv.), and TFE (1
mL) was used. Under the irradiation of 400 nm LED for 6 h, 32.1 mg of white powder
was obtained (92% yield) by flash chromatography (1% diethyl ether in pentane). 'H
NMR (400 MHz, CDCl3): 6 =9.92 (s, IH), 7.92 (d, J= 2.0 Hz, 1H), 7.69 (dd, /= 8.0

1.6 Hz, 1H), 7.60 (d, J= 8.0 Hz, 1H); *C NMR (100 MHz, CDCl;): 5 = 189.6, 139.0,

1-Naphthaldehyde'*  (21):  According to the general procedure, 1-

135.7,133.9, 131.2, 131.1, 128.3.

naphthalenemethanol (31.6 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (7.3
mg, 8 umol, 0.04 equiv.), Co(dmgH),pyCl (3.2 mg, 8 umol, 0.04 equiv.), and TFE (1
mL) was used. Under the irradiation of 400 nm LED for 12 h, 23.7 mg of yellow powder
was obtained (76% yield) by flash chromatography (1% diethyl ether in pentane). 'H
NMR (400 MHz, CDCl3): 6 = 10.31 (s, 1H), 9.24 (d, /= 8.8 Hz, 1H), 7.98 (d, /= 8.0
Hz, 1H), 7.86-7.82 (m, 2H), 7.65-7.61 (m, 1H), 7.55-7.48 (m, 2H), *C NMR (100
MHz, CDClL3): 6 =193.2,136.4, 134.9,133.4,131.0, 130.1, 128.7, 128.2, 126.6, 124.6,
124.5.

H
o

\ /o
Furfural’ (22): According to the general procedure, furfuryl alcohol (19.6 mg, 0.2

mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7 mg, 4 pumol, 0.02 equiv.),
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Co(dmgH),pyCl (1.6 mg, 4 umol, 0.02 equiv.), and TFE (1 mL) was used. Under the
irradiation of 400 nm LED for 6 h, 13.4 mg of yellow oil was obtained (70% yield) by
flash chromatography (1% diethyl ether in pentane). "H NMR (400 MHz, CDCls): &
=9.49 (s, 1H), 7.56-7.56 (m, 1H), 7.13 (dd, J = 3.6 0.8 Hz, 1H), 6.46-6.45 (m, 1H); *C
NMR (100 MHz, CDCl3): 6 = 177.5, 152.5, 147.8, 121.2, 112.3.

4-(2-hydroxyethyl)benzaldehyde’ (23): According to the general procedure, 2-(4-
(hydroxymethyl)phenyl)ethanol (30.4 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium
catalyst 3 (3.7 mg, 4 umol, 0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 umol, 0.02 equiv.),
and TFE (1 mL) was used. Under the irradiation of 400 nm LED for 6 h, 28.0 mg of
colorless oil was obtained (93% yield) by flash chromatography (50% diethyl ether in
pentane). "H NMR (400 MHz, CDCls): 8 =9.94 (s, 1H), 7.80 (d, J= 7.6 Hz, 2H), 7.39
(d, J=17.6 Hz, 2H), 3.90 (t, J = 6.4 Hz, 2H), 2.94 (t, J = 6.4 Hz, 2H), 2.41 (br, 1H). *C

NMR (100 MHz, CDCL): 6 = 192.0, 146.2, 134.8, 130.0, 129.7, 63.0, 39.2.

(6]
Q)LMB
Bu

1-(4-(tert-Butyl)phenyl)ethenone'” (24): According to the general procedure, 1-(4-
tert-butylphenyl)ethan-1-ol (35.6 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst
3 (3.7 mg, 4 umol, 0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 umol, 0.02 equiv.), and
TFE (1 mL) was used. Under the irradiation of 400 nm LED for 6 h, 34.0 mg of
colorless oil was obtained (96% yield) by flash chromatography (1% diethyl ether in

pentane). "H NMR (400 MHz, CDClL3): 5 = 7.90 (d, J = 8.4 Hz, 2H), 7.47 (d, J= 8.4
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Hz, 2H), 2.58 (s, 3H), 1.34 (s, 9H); *C NMR (100 MHz, CDCls): § = 197.8, 156.8,

134.6, 128.2, 125.5, 35.0, 31.0, 26.5.

(0]
Q)LMQ
F

1-(4-Fluorophenyl)ethan-1-one'® (25): According to the general procedure, 1-(4-
Fluorophenyl)ethanol (28.0 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7
mg, 4 pmol, 0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 pmol, 0.02 equiv.), and TFE (1
mL) was used. Under the irradiation of 400 nm LED for 6 h, colorless oil was obtained
by flash chromatography (1% diethyl ether in pentane). Due to the low boiling point of
the product, yield (95% yield) determined by GC-FID analysis with 20 uL. PhOMe as
internal standard. "H NMR (400 MHz, CDCL): § = 7.78-7.74 (m, 2H), 6.91-6.89 (m,
2H), 2.36 (s, 3H); C NMR (100 MHz, CDCL): § = 195.8, 165.2 (d, Jy.c = 253 Hz),

133.1 (d, Jr.c = 3 Hz), 130.5 (d, Jr.c = 10 Hz), 115.0 (d, Jr.c = 22 Hz), 25.8.

(0]
o
Benzophenone'® (26): According to the general procedure, Benzhydrol (36.8 mg, 0.2
mmol, 1.0 equiv.), bisphosphonium catalyst 3 (3.7 mg, 4 pumol, 0.02 equiv.),
Co(dmgH),pyCl (1.6 mg, 4 umol, 0.02 equiv.), and TFE (1 mL) was used. Under the
irradiation of 400 nm LED for 6 h, 33.7 mg of white powder was obtained (93% yield)
by flash chromatography (1% diethyl ether in pentane). "H NMR (400 MHz, CDCl;):
§ = 7.82-7.79 (m, 4H), 7.60-7.56 (m, 2H), 7.49-7.45 (m, 4H); *C NMR (100 MHz,

CDCl): 6 =196.6, 137.4,132.3, 129.2, 128.2.
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O

o

1-Indanone'” (27): According to the general procedure, 1-Indanol (26.8 mg, 0.2 mmol,
1.0 equiv.), bisphosphonium catalyst 3 (3.7 mg, 4 pmol, 0.02 equiv.), Co(dmgH),pyCl
(1.6 mg, 4 umol, 0.02 equiv.), and TFE (1 mL) was used. Under the irradiation of 400
nm LED for 6 h, 22.2 mg of yellow powder was obtained (84% yield) by flash
chromatography (1% diethyl ether in pentane). "H NMR (400 MHz, CDCl3): § = 7.74
(d, J=7.6 Hz, 1H), 7.57 (t,J= 7.6 Hz, 1H), 7.46 (d, /= 8.0 Hz, 1H), 7.35 (t, /= 7.6
Hz, 1H), 3.12 (t, J= 6.0 Hz, 2H), 2.69-2.65 (m, 2H); *C NMR (100 MHz, CDCl;): §

=207.0, 155.1, 137.0, 134.5, 127.2, 126.6, 123.6, 36.1, 25.87.

(0]
Et
o
o
1-(benzofuran-3-yl)propan-1-one (28): According to the general procedure, 1-
(benzofuran-3-yl)propan-1-ol (35.2 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium
catalyst 3 (7.3 mg, 8 umol, 0.04 equiv.), Co(dmgH),pyCl (3.2 mg, 8 umol, 0.04 equiv.),
and MeCN (1 mL) was used. Under the irradiation of 400 nm LED for 6 h, 24.0 mg of
white powder was obtained (69% yield) by flash chromatography (1% diethyl ether in
pentane). "H NMR (400 MHz, CDCl): § = 8.26-8.23 (m, 2H), 7.54-7.49 (m, 1H),
7.39-7.34 (m, 2H), 7.36 (t,J= 7.5 Hz, 1H), 2.90 (q, J = 7.2 Hz, 2H), 1.26 (t,J= 7.2 Hz,
3H); *C NMR (100 MHz, CDCL3): 5 =196.3, 155.5, 150.5, 125.5, 124.4, 124.3,122.8,

121.9, 111.4, 33.6, 8.2. HRMS (EI) m/z caled for Ci1H 00, [M]" 174.0675, found

174.0672.
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(0]
©)J\/\CI
3-Chloro-1-phenylpropan-1-one"> (29): According to the general procedure, 3-
Chloro-1-phenyl-1-propanol (34.1 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst
3 (3.7 mg, 4 umol, 0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4 umol, 0.02 equiv.), and
TFE (1 mL) was used. Under the irradiation of 400 nm LED for 6 h, 33.3 mg of yellow
powder was obtained (99% yield) by flash chromatography (1% diethyl ether in
pentane). "H NMR (400 MHz, CDCls): 3 = 7.95 (d, J = 7.6 Hz, 2H), 7.59 (t, J=7.6
Hz, 1H), 7.48 (t,J = 7.6 Hz, 2H), 3.92 (t, J = 6.8 Hz, 2H), 3.45 (t, J = 6.8 Hz, 2H); *C

NMR (100 MHz, CDCL): 6 = 196.6, 136.2, 133.5, 128.7, 128.0, 41.2, 38.6.

O
©)J\/\OH
3-Hydroxy-1-phenylpropan-1-one'’ (30): According to the general procedure, 1-
phenylpropane-1,3-diol (30.4 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3
(7.3 mg, 8 umol, 0.04 equiv.), Co(dmgH),pyCl (3.2 mg, 8 pmol, 0.04 equiv.), and TFE
(1 mL) was used. Under the irradiation of 400 nm LED for 6 h, 26.2 mg of colorless oil
was obtained (87% yield) by flash chromatography (50% diethyl ether in pentane). 'H
NMR (400 MHz, CDCl3): 6 = 7.97-7.94 (m, 2H), 7.60-7.56 (m, 1H), 7.48-7.44 (m,
2H), 4.02 (t, J = 5.6 Hz, 2H), 3.22 (t, J = 5.6 Hz, 2H), 2.73 (br, 1H); *C NMR (100

MHz, CDCl;): 6 =200.4, 136.5, 133.5, 128.6, 128.0, 58.0, 40.3.

(0]
/@)VPh
Cl

1-(4-Chlorophenyl)-3-phenylpropan-1-one'’ (31): According to the general
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procedure, 1-(4-chlorophenyl)-3-phenylpropan-ol (49.3 mg, 0.2 mmol, 1.0 equiv.),
bisphosphonium catalyst 3 (3.7 mg, 4 umol, 0.02 equiv.), Co(dmgH),pyCl (1.6 mg, 4
umol, 0.02 equiv.), and TFE (1 mL) was used. Under the irradiation of 400 nm LED
for 12 h, 31.2 mg of yellow powder was obtained (64% yield) by flash chromatography
(1% diethyl ether in pentane). "H NMR (400 MHz, CDClL3): & = 7.89 (d, J = 8.0 Hz,
2H), 7.42 (d, J = 8.0 Hz, 2H), 7.32-7.20 (m, 5H), 3.27 (t, J = 7.6 Hz, 2H), 3.06 (t, J =
7.6 Hz, 2H); *C NMR (100 MHz, CDCL): & = 198.0, 141.0, 139.5, 135.1, 129.4,

128.9, 128.5, 128.4, 126.2, 40.4, 30.0.

o™~
Me

(E)-4-Phenyl-3-buten-2-one'® (32): According to the general procedure, (E)-4-
phenylbut-3-en-2-o0l (29.6 mg, 0.2 mmol, 1.0 equiv.), bisphosphonium catalyst 3 (7.3
mg, 8 umol, 0.04 equiv.), Co(dmgH),pyCl (3.2 mg, 8 umol, 0.04 equiv.), and MeCN (1
mL) was used. Under the irradiation of 400 nm LED for 12 h, 15.6 mg of yellow oil
was obtained (53% yield) by flash chromatography (1% diethyl ether in pentane). 'H
NMR (400 MHz, CDCL): 6 = 7.52-7.47 (m, 3H), 7.39-7.36 (m, 3H), 6.69 (d, ] = 16.4
Hz, 2H), 2.35 (s, 3H); *C NMR (100 MHz, CDCl;): 5 = 198.5, 143.4, 134.0, 130.3,

128.7,128.0, 126.7, 27.1.
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6. Spectra Data.
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"H NMR 400 MHz, CDCl3
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"H NMR 400 MHz, CDCl3
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"H NMR 400 MHz, CDCl;
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"H NMR 400 MHz, CDCl3
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"H NMR 400 MHz, CDCl3
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"H NMR 400 MHz, CDCl;
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"H NMR 400 MHz, CDCl;
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"H NMR 400 MHz, CDCl3

09z°L—

8v8°L
898°L-\
e LT
996°L

evooL—

17

Bpin

Fie
J

1 (ppm)

3C NMR 100 MHz, CDCl;

89'9L~
00°2L
zeLL
zv8

59'8Z1L-"
LVSEL~
£0°8EL~

19261 —

Bpin

17

MMWWMMWWWWWMW 00000 A A

20

40

60

80

100

110

120

130

140

150

160

170

180

190

200

1 (ppm)

S39



"H NMR 400 MHz, CDCl;

092Z°L
€€EL
GEEL
8€€°L
vSe'L
0LE"L
€LE°L
SLEL
vov-L
80V°L
eyl
ser'l W
8cv L

6LV°L ﬁ
€8V°L

€6V°L ﬁ
L6V°L

667°L
Los°L
v0os L
LISL
eesL
'L
9.8°L
168°L
S68°L

Shr'oL—

Cl

18

—

v
MWN. 13
Wk

kgz'L

Feor

85

9.0

1 (ppm)

3C NMR 100 MHz, CDCl;

Cl

89°9L
ce.hhw
Nn.hh

svizh
vzezi\"
05081 —
oczeL/,
vo.mnr“

18°LEL

0,681 —

18

wmmwwmwwww RSP S————

190

200

o

1 (ppm)

S40



"H NMR 400 MHz, CDCl3

296°6—

Cl

19

1 (ppm)

3C NMR 100 MHz, CDCl;

89°9L
oe.hhw
ceLL

Cl

19

LE'6C)

£8'05)
sovelL/
s8'0pL—

LL06}—

20

40

60

80

100

110

120

130

140

150

160

170

180

190

200

1 (ppm)

S41



"H NMR 400 MHz, CDCl3

v26°6—

Cl

Cl

20

o
Lo
Lo
89°9L
oe.FV
re zess/
re
Lo
w_
£
Lo
S
ze'8zL
lw e S—W
© LZ'LEL
S8'EEL
Lo nhmnr\
] < 66'3€1
B |l @)
=66'0 [~
J Aot ﬂDb
566'0 | o .
=
Lo S
o
L R 95°68L —
=00"} | o M
ls z
3C
-

Cl

Cl

20

1 (ppm)

S42



"H NMR 400 MHz, CDCl;

09zZ'L
8Lb'L
z8vL
88v°L
96v°L
00s°L
€05°L
805°L
LIS°L
[2-J%
s2s°L
r2sL
1eS°L
SEG°L
vrsL
8vsL
1s5°L
zZI9°L
919°L
619°L
€€9°L
LE9°L
Wwo'L
159°L
ps9'L
618°L
L88°L
we'L
s58°L
996°L
986°L
1€2°6
£€5267

80€°0L—

21

90°C |-
660

W:‘.N
oLt

Fseo

FooL

75

8.0

11 (ppm)

3C NMR 100 MHz, CDCl,

89°9L
oe.hhw
Nn.hh

SS'vCL
9s'vZlL

€9'9z1L
on.ﬁ-/
crazLl
€10e -\
Le'0glL \
se'eel

V6 veEL
[4 4144

vee6l—

21

190

200

o

11 (ppm)

S43



"H NMR 400 MHz, CDCl3

6vr'9
vsv'9
85v°9
€9v°9
verL
9zZL'L
€EL°L
SEV'L
09zZ°L
GSS°L
LSS°L
6SS°L
196°L
€9G6°L

(=

I]

s8y6— ——

o

Froel e

oo

Lw
~

860

Foorr g

1 (ppm)

3C NMR 100 MHz, CDCl;

89°9L
oe.hhw
ceLL

L2°CLE

9Lz —

c8LYL—
Ly'zSL—

vl —

A

1 (ppm)

S44



"H NMR 400 MHz, CDCl;

owe—

[ X4:x4
wnm.NW
vs6'c

6.8'¢
mmm.ww
L6’

voz'Ly
61872~
g6 s/
V6L L~
gL’

W66 —

OH

23

- Feo

ooz

ez6'L

= FasL

— Fos

1 (ppm)

3C NMR 100 MHz, CDCl;

cT6E—

86°29—

89°9L
oe.hhw
ceLL

99°6Z1~
26'6Z1 7
6LvEL"

€TV —

v0'261 —

OH

23

WWWWWMM

1 (ppm)

S45



"H NMR 400 MHz, CDCl;

ZPEt Foo'e
[1¥]
€862 = e = ko8
@]
<
o™
>
m
Lov°L
i — M gt
z68°L
n:w.hv — Fos1

11 (ppm)

3C NMR 100 MHz, CDCl,

6v'9C—

£0°4¢

P0"SE~

89°9L
oe.hhw
ceLL

S’z
€z8zL”
9S'VEL~

9,961 —

6L°L61—

Me

Bu

24

[

20

40

60

80

100

110

120

130

140

150

160

170

180

190

200

11 (ppm)

S46



"H NMR 400 MHz, CDCl3

6989
€189
5889
1689
5689
8689
2169
DON.F\
Wil
SvLL
vSLL
LSLL
6SL°L
€9L°L
WLLL
OLL L

Me

—

25

WL

rooe

FS6°L

7.0

Ev6°L

1 (ppm)

3C NMR 100 MHz, CDCl;

08'ST—

89°9L
oe.hhw
ceLL

rm.vrr
nr.mrrv.

6€°0€L
6v'0€L
60°€EL
cL'eel

06°€9) —
€V'99L—

SL'G6L—

Me

25

20

40

60

80

100

110

120

130

140

150

160

170

180

190

200

1 (ppm)

S47



"H NMR 400 MHz, CDCl;

092°L,
2svL
LLvLy
YY" L
98v"L
L6v°L |
S55°L
655°L
295"
€25°L
8.5°L]
€652
96572
z6L°L]
96L°L]
€18°L]

Ph

@]
26

——~—

sigL’

{

Ph

69°9L
—‘G.FFW
re zeLL

11 (ppm)

aL"8zZL

og'zer’
o vrLEL—

26'€ | v
~

3 Fiee

6S'961 —

3C NMR 100 MHz, CDCl;

20

40

60

80

100

110

120

130

140

150

160

170

180

190

200

11 (ppm)

S48



"H NMR 400 MHz, CDCl3

09zZ°L
62€°L
veL
99¢€°L
LSv°L
rh.v.hV
8vS'L
99G6°L
S8SG°L
Lzl L
ovLL

27

[u ooz

5 ooz

1 (ppm)

T
75

3C NMR 100 MHz, CDCl;

rse—

cL9e—

89°9L
ce.hhw
Nn.hh

65°EZh~
29'9Z1_
s1zzL’

LS'PEL—
L6'9€1L—

60°SS1L—

20°L02—

27

W A

[

20

40

60

80

100

110

120

130

140

150

160

170

180

190

200

1 (ppm)

S49



"H NMR 400 MHz, CDCl3
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"H NMR 400 MHz, CDCl3
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"H NMR 400 MHz, CDCl3
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