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1. General Information

All reactions involving air- or moisture-sensitive reagents and/or intermediates were carried out at 110 °C
preheated glassware under a positive argon atmosphere using standard SCHLENK technique and
magnetically induced stirring. All dry solvents were either freshly distilled or purchased from a commercial
supplier in extra-dry grade. Tetrahydrofuran (THF) was freshly distilled from a suspension with potassium
and diethylether (Et.O) with a potassium-sodium alloy (4:1). Dichloromethane (CH2Cl,) was distilled from
a suspension with P.Os. Acetonitrile (CH3CN, 99.9% extra-dry, AcroSeal®), ethyl acetate (EtOAc, 99.9%
extra-dry over molecular sieves, AcroSeal®), N,N’-dimethylformamide (DMF, 99.8% extra-dry over
molecular sieves, AcroSeal®) and toluene (PhCHs, 99.9% extra-dry over molecular sieves, AcroSeal®)
were purchased from Acros OrganicsTM. The solvents for workup and column chromatography were
purified by distillation before use. All commercial chemicals were purchased from ABCR GmbH, Acros
OrganicsTM, Alfa Aesar, BLDPharm, Sigma Aldrich, and TCI International and used without purification
unless otherwise stated. Reactions at increased temperatures were carried out with heating plates with
appropriate heating mantles. Merck silica gel 60 F254 cards were applied for thin layer chromatography
(TLC) and the substances were visualized either with UV-light (254/365 nm) or KMnOs-stain (1.5 g
KMnQO, and 5.0 g NaHCOs3; in 200 mL H20). Flash column chromatographic purification (FCC) was
performed on Merck silica gel 60 (40 — 63 um) with a positive air pressure of up to 0.5 bar. Melting points
(MP) of pure products were measured on Biichi’s Melting Point M-560 device. IR spectra were measured
on a Digilab 3100 FT-IR Excalibur Series processing with Varian Resolutions Pro (v4.0.5.009) and a Jasco
FT/IR-4600 spectrometer using at least 20 scans and processing with Jasco Spectra Manager (v2.15.03).
H-NMR (300 MHz, 400 MHz, 500 MHz and 599 MHz), *C-NMR (76 MHz, 101 MHz, 126 MHz and 151
MHz, proton—decoupled), °F-NMR (282 MHz, 376 MHz, 470 MHz und 564 MHz), 3P-NMR (122 MHz)
spectroscopic measurements were recorded on 4 Bruker AV 300, Bruker AV 400, Agilent DD2 500 or
Agilent DD2 600 spectrometers. For analysis, MestReNova v14.1.0- 24037 was applied. The multiplicities
of the signals are stated as s (singlet), d (doublet), t (triplet), q (quartet), p (pentet), sext (sextet), h (heptet),
m (multiplet), br (broad) and their respective combinations. Chemical shifts are referenced on the solvent
residual proton signal: CDCl; (*H-NMR: § = 7.26 ppm; *C-NMR: § = 77.2 ppm). DMSO-ds (*H-NMR:
8 = 2.50 ppm, BC-NMR: & = 39.5 ppm). Acetone-ds (*H-NMR: § = 2.05 ppm, *C-NMR: & = 29.8 ppm).
Coupling constants (J) are given in Hertz (Hz) in one decimal place. High-resolution mass spectroscopic
measurements (HRMS) were conducted on a Bruker MicroToF device with electrospray ionization. GC-
FID was conducted on an Agilent GC 6890 equipped with a flame ionization detector (FID) and an Agilent
HP-5, Methyl Siloxan (Model No: 19091Z-413) column using H; as carrier gas with a flow rate of 1.5

mL min-.
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The method used starts with the injection temperature To, the column is heated to temperature T1 (ramp)
and this temperature is held for an additional time t (To =50 °C, T1 = 300 °C, ramp = 10 °C min?, t = 15
min). Photochemical reactions were performed with one LED light (10 W, 445 nm) as light source. The
reaction temperature was kept at 20 °C using a circulating water system.

Circulating water system Photoreactor Light source

Figure S1: Photoreactor used in this work (10 W 445 nm).
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2. Reaction Optimization

Investigation of commercially available phosphines for the reduction of 1a: To an oven dried Schlenk
tube with a magnetic stirring bar, PC1 (0.005 mmol, 2.5 mol%), P (0.400 mmol, 2.00 equiv.), CH:CN
(2.00 mL, 0.01 M) and deionized water (4.20 mmol, 21.0 equiv.) were added under argon atmosphere using
standard Schlenk techniques at ambient temperature. Next, HAT1 (0.040 mmol, 20 mol%) and methyl 2-
(4-chlorophenyl)acetate (1a) (0.200 mmol, 1.00 equiv.) were added under argon counterflow. The tube was
sealed, placed in the photoreactor and irradiated with a 10 W 445 nm LED at 20 °C using the standard set-
up. After completion of the reaction (20 hours), the irradiation was stopped, and dodecane (0.200 mmol)

was added as an internal standard and yield was determined by gas chromatography.

Table S1: Investigation of commercially available phosphines for the reduction of 1a.

I I
0._0 0._0

PC1 (2.5 mol%),
P (2.0 eq.), HAT1 (20 mol%)

CHSCN (0.10 M), H,0 (21 eq.)

cl 10 W 445 nm, 20 °C, 20 h H
1a 2a
Phosphine Yield of 2a/ %
P1 87
P1 (2.5 equiv) 86
P1 (1.5 equiv) + NEt; (1.5 82
equiv.)
P2 50
P3 48
P4 33
P5 18
P6 <5
P6 + NEt; (1.5 equiv.) 27
(72 hours)
P7 N.R.
P7 + NEts (1.5 equiv.) 16%
P8 8%
P8 + NEt; (1.5 equiv.) 25%
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Investigation of commonly used photocatalysts for the reduction of 1a: To an oven dried Schlenk tube
with a magnetic stirring bar, PC (0.005 mmol, 2.5 mol%), P1 (0.400 mmol, 2.0 equiv.), CH3CN (2.00 mL,
0.01 M) and deionized water (75 pL, 4.20 mmol, 21 equiv.) were added under argon atmosphere using
standard Schlenk techniques at ambient temperature. Next, HAT1 (0.040 mmol, 20 mol%) and methyl 2-
(4-chlorophenyl)acetate (1a) (0.200 mmol, 1.0 equiv.) were added under argon counterflow. The tube was
sealed, placed in the photoreactor and irradiated with a 10 W 445 nm LED at 20 °C using the standard set-
up. After completion of the reaction (20 hours), the irradiation was stopped, and dodecane (0.20 mmol) was

added as an internal standard and yield was determined by gas chromatography.

Table S2: Investigation of commonly used photocatalysts for the reduction of la.

I I
0._0 0._0
PC (2.5 mol%),
P1(2.0 eq.), HAT1 (20 mol%)

CH5CN (0.10 M), H,0 (21 eq.)

cl 1a 10 W 445 nm, 20 °C, 20 h H 9a
Photocatalyst Yield of 2a/ %
PC1 87
PC1 (1.0 mol%) 67
PC2 (2.5 mol%) 51
PC3 (5.0 mol%) 12
PC4 (5.0 mol%) N.R.
PC5 (5.0 mol%) N.R.
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Investigation of commonly used HAT-catalysts for the reduction of 1a: To an oven dried Schlenk tube
with a magnetic stirring bar, PC1 (0.005 mmol, 2.5 mol%), P1 (0.400 mmol, 2.0 equiv.), CH3CN (2.00 mL,
0.01 M) and deionized water (75 pL, 4.20 mmol, 21 equiv.) were added under argon atmosphere using
standard Schlenk techniques at ambient temperature. Next, HAT (0.04 mmol, 20 mol%) and methyl 2-(4-
chlorophenyl)acetate (1a) (0.200 mmol, 1.0 equiv.) were added under argon counterflow. The tube was
sealed, placed in the photoreactor and irradiated with a 10 W 445 nm LED at 20 °C using the standard set-
up. After completion of the reaction (20 hours), the irradiation was stopped, and dodecane (0.200 mmol)

was added as an internal standard and yield was determined by gas chromatography.
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Table S3: Investigation of commonly used HAT-catalysts for the reduction of la.

I I
0._0 0._0

PC1 (2.5 mol%),
P1 (2.0 eq.), HAT (20 mol%)

CH4CN (0.10 M), H,0 (21 eq.)

cl 10 W 445 nm, 20 °C, 20 h H
1a 2a
HAT-catalyst Yield of 2a/ %
HAT1 87
HAT2 86
SH SH
HAT1 HAT2

Investigation of solvents for the reduction of 1a: To an oven dried Schlenk tube with a magnetic stirring
bar, PC1 (0.005 mmol, 2.5 mol%), P1 (0.400 mmol, 2.0 equiv.), solvent (2.00 mL, 0.01 M) and deionized
water (75 uL, 4.20 mmol, 21 equiv.) were added under argon atmosphere using standard Schlenk
techniques at ambient temperature. Next, HAT1 (0.040 mmol, 20 mol%) and methyl 2-(4-
chlorophenyl)acetate (1a) (0.200 mmol, 1.0 equiv.) were added under argon counterflow. The tube was
sealed, placed in the photoreactor and irradiated with a 10 W 445 nm LED at 20 °C using the standard set-
up. After completion of the reaction (20 hours), the irradiation was stopped, and dodecane (0.200 mmol)

was added as an internal standard and yield was determined by gas chromatography.
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Table S4: Investigation of solvents for the reduction of 1a.

I I
0._0 0._0

PC1 (2.5 mol%),
P1 (2.0 eq.), HAT1 (20 mol%)

Solvent (0.10 M), H,O (21 eq.)

Cl 10 W 445 nm, 20 °C, 20 h H
1a 2a
Solvent Yield of 2a/ %
CH:CN 87
CH:CN (0.05 M) 71
CH:CN (0.075 M) 84
Toluene 11
CH.CI, N.R.
DMF N.R.
THF 38
EtOAC 44

Investigation of the water amount for the reduction of 1a: To an oven dried Schlenk tube with a
magnetic stirring bar, PC1 (0.005 mmol, 2.5 mol%), P1 (0.400 mmol, 2.0 equiv.), CHsCN (2.00 mL, 0.01
M) and deionized water were added under argon atmosphere using standard Schlenk techniques at ambient
temperature. Next, HAT1 (0.040 mmol, 20 mol%) and methyl 2-(4-chlorophenyl)acetate (1a) (0.200 mmol,
1.0 equiv.) were added under argon counterflow. The tube was sealed, placed in the photoreactor and
irradiated with a 10 W 445 nm LED at 20 °C using the standard set-up. After completion of the reaction
(20 hours), the irradiation was stopped, and dodecane (0.200 mmol) was added as an internal standard and

yield was determined by gas chromatography.
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Table S5: Investigation of the water amount for the reduction of 1a.

I I
0._0 0._0

PC1 (2.5 mol%),
P1 (2.0 eq.), HAT1 (20 mol%)

CH5CN (0.10 M), H,0

Cl i 10 W 445 nm, 20 °C, 20 h H ”e
Water / pL Yield of 2a/ %
75 (21 equiv.) 92
25 89
50 88
100 87
150 69
200 49
300 38

Control reaction for the reduction of 1a: To an oven dried Schlenk tube with a magnetic stirring bar,
PC1 (0.005 mmol, 2.5 mol%), P1 (0.400 mmol, 2.0 equiv.), CH3CN (2.00 mL, 0.01 M) and deionized water
(75 pL, 4.20 mmol, 21 equiv.) were added under argon atmosphere using standard Schlenk techniques at
ambient temperature. Next, HAT1 (0.040 mmol, 20 mol%) and methyl 2-(4-chlorophenyl)acetate (1a)
(0.200 mmol, 1.0 equiv.) were added under argon counterflow. The tube was sealed, placed in the
photoreactor and irradiated with a 10 W 445 nm LED at 20 °C using the standard set-up. After completion
of the reaction (20 hours), the irradiation was stopped, and dodecane (0.200 mmol) was added as an internal

standard and yield was determinedby gas chromatography.
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Table S6: Control reaction for the reduction of 1a.

Cl

I
0

1a

0]

PC1 (2.5 mol%),
P1 (2.0 eq.), HAT1 (20 mol%)

CH4CN (0.10 M), H,O (21 equiv.)
10 W 445 nm, 20 °C, 20 h H

2a

Control reaction

Yield of 2a/ %

w/o PC1 N.R.
wi/o light N.R.
w/o PR3 N.R.
w/o HAT1 55
w/o H20 7 (traces of water still
present)
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3. Starting Materials

3.1 Commercially available starting materials

The aryl chlorides 1a-1g, 1i, 1I-1n, 1p, the aryl- and alkyl bromides 3a-3h, 3i, 3, 3I’, 3n, 3p-3zz, the aryl-
and alkyl iodides 5a-5e, the tosylated indole 7a as well as the tested phosphines P1-P7 were purchased

from commercial sources and used as received.

Halides

\ \ |
0._0 O o cl _0 ° o o 9J§< o
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3.2 Synthesis of literature known starting materials

The aryl chlorides 1h ™ and 10,/ the aryl bromide 30,F, the aliphatic bromide 3z, the tosylated
compounds 7b®! and 7ef®, the Weinreb-Amides 9a-9c,[” 9el®l, 9fl"l and 9d® as well as phospine oxides

P10-P60[%*4 are literature known and were synthesized based on literature.

Halides
\O [0}
Cl o o O
0 oL a )K©\ 0\/ﬁ/ o o~
Cl
Br Y
O Br
1h O\ 10 30 3z
Tosylated compounds Weinreb-Amides

° g ;
oo O
o] ‘ o) o
/@)LN/ O:©)LN/ B N/
| |
NH OMe
C\O OMe ~0 OMe
9d 9e

Phosphine Oxides

MeO
: N/ o
(6]
I /P / By—P
AN s
Cy
P20

S11



Cl 2-Chloro-1,3,5-trimethoxybenzene (1h). Following the literature known procedure, ™!
. the title compound 1h was obtained as a white solid (785 mg, 3.87 mmol, 97%). 'H
NMR (300 MHz, CDCls) 6 6.18 (s, 2H), 3.88 (s, 6H), 3.81 (s, 3H). *C NMR (76 MHz,

O CDCls) 6 159.4, 156.5, 91.5, 56.3, 55.6. The NMR data were in agreement with those
1h reported in the literature.!
\O o Indomethacinemethlyester (10). Following the literature known
o procedure, the title compound 1o was obtained as a light yellow solid
4 NJ@\ (1.67 g, 4.50 mmol, 90%). *H NMR (300 MHz, CDCls) § 7.70 — 7.64 (m,
cl 2H), 7.51 — 7.43 (m, 2H), 6.96 (d, J = 2.5 Hz, 1H), 6.86 (dd, J = 9.0, 0.5
4 1o Hz, 1H), 6.67 (dd, J = 9.0, 2.5 Hz, 1H), 3.84 (s, 3H), 3.71 (s, 3H), 3.67 (s,
N 2H), 2.39 (s, 3H). 3C NMR (101 MHz, CDCls) § 171.5, 168.4, 156.2,

136.1, 134.0, 130.9, 130.8, 129.3, 115.1, 112.6, 111.7, 101.4, 55.9, 52.3, 30.3, 13.5.The NMR data were in
agreement with those reported in the literature.?

(0] N 1-Bromo-2-((3-methylbut-2-en-1-yl)oxy)benzene (30). Following the literature
@ \/\( known procedure,”! the title compound 30 was obtained as a colorless liquid (1.08
o g, 4.48 mmol, 90%).'H NMR (300 MHz, CDCls) 6 7.53 (dd, J = 7.9, 1.6 Hz, 1H),
30 7.28 — 7.21 (m, 1H), 6.90 (dd, J = 8.3, 1.4 Hz, 1H), 6.82 (td, J = 7.6, 1.4 Hz, 1H),
5.51 (tt, J = 6.6, 1.5 Hz, 1H), 4.60 (d, J = 6.6 Hz, 2H), 1.79 (s, 3H), 1.75 (s, 3H). The NMR data were in

agreement with those reported in the literature.!

O O Dimethyl-2-(3-methylbut-2-en-1-yl)malonate (S1). Following the literature known

~o0 o~ procedure, the title compound S1 was obtained as a colorless liquid (511 mg, 2.25
mmol, 85%).H NMR (400 MHz, CDCls) § 5.08 — 4.99 (m, 1H), 3.71 (s, 6H), 3.35 (t,

s1 | J=7.7 Hz, 1H), 2.58 (t, 2H), 1.67 (s, 3H), 1.62 (s, 3H). 3C NMR (101 MHz, CDCls)
8169.7,135.2,119.6, 52.5, 52.0, 27.7, 25.9, 17.8. The NMR data were in agreement with those reported in

the literature.™

O O Dimethyl-2-(2-bromoethyl)-2-(3-methylbut-2-en-1-yl)malonate (3z). Following

~o o~ the literature known procedure,™ the title compound 3z was obtained as a colorless
liquid (193 mg, 0.63 mmol, 63%) using S1 as starting material. 'H NMR (300 MHz,

Br CDCls) 6 4.99 — 4.84 (m, 3H), 3.72 (s, 6H), 3.38 — 3.26 (m, 2H), 2.61 (d, J = 7.5 Hz,

3z 2H), 2.48 — 2.37 (m, 2H), 1.69 (s, 3H), 1.61 (s, 3H). 3C NMR (76 MHz, CDCls) &
171.2,136.7,117.0,57.9,52.8, 36.3, 32.2, 27.5, 26.2. The NMR data were in agreement with those reported

Y4

in the literature.[
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/@/ 4-Methyl-N,N-diphenylbenzenesulfonamide (7b). Following the literature known
procedure, the title compound 7b was obtained as a white solid (203 mg, 0.63

N mmol, 25%). *H NMR (300 MHz, CDCls;) & 7.66 — 7.56 (m, 2H), 7.40 — 7.22 (m,
©/ \© 12H), 2.46 (s, 3H). **C NMR (76 MHz, CDCls) 6 143.7, 137.7, 129.7, 129.4, 128.5,
127.9, 127.5, 21.7. The NMR data were in agreement with those reported in the

literature.l

O/O/OMe 1-((4-Methoxyphenyl)sulfonyl)-2-methyl-1H-benzo[d]imidazole (7e).

0= . . .
S Fol-lowing the literature known procedure,® the title compound 7e was
N
(:E — obtained as a white solid (222 mg, 0.73 mmol, 24%). *H NMR (300 MHz,
N CDCls) 6 8.04 —7.99 (m, 1H), 7.91 — 7.83 (m, 2H), 7.66 — 7.59 (m, 1H), 7.39
7e

~7.27 (m, 2H), 6.94 (dd, J = 9.1, 0.9 Hz, 2H), 3.82 (s, 3H), 2.81 (s, 3H). 3C
NMR (76 MHz, CDCls) 6 164.5, 151.5, 142.0, 133.3, 129.8, 129.3, 124.7, 119.8, 114.9, 113.5, 55.9, 17.1.
The NMR data were in agreement with those reported in the literature.!

o} N-Methoxy-N-methylbenzamide (9a). Following the literature known procedure,t the
N~ title compound 9a was obtained as a colorless oil (492 mg, 2.97 mmol, 99%). 'H NMR
OMe (300 MHz, CDCls) & 7.68 — 7.61 (m, 2H), 7.48 — 7.33 (m, 3H), 3.53 (s, 3H), 3.34 (s, 3H).

9a 13C NMR (76 MHz, CDCls) § 169.9, 134.2, 130.62, 128.2, 128.1, 61.1, 60.6, 36.2, 33.8.

The NMR data were in agreement with those reported in the literature.[’

0] N-Methoxy-N,4-dimethylbenzamide (9b). Following the literature known
/©)J\N/ procedure,” the title compound 9b was obtained as a colorless oil (532 mg, 2.97
OMe mmol, 99%). *H NMR (300 MHz, CDCls) & 7.58 (d, J = 8.2 Hz, 2H), 7.18 (d, J = 7.4

9b Hz, 2H), 3.54 (s, 3H), 3.33 (s, 3H), 2.36 (5, 3H). 3C NMR (76 MHz, CDCl3) § 170.0,

131.2, 128.7, 128.4, 61.0, 33.9, 21.5. The NMR data were in agreement with those reported in the

literature.[”

O N,4-Dimethoxy-N-methylbenzamide (9c). Following the literature known
/@)‘\N/ procedure,[” the title compound 9c was obtained as a colorless oil (580 mg, 2.97
~o OMe mmol, 99%). *H NMR (300 MHz, CDCls) § 7.80 — 7.67 (m, 2H), 6.96 — 6.85 (m,
9c 2H), 3.85 (s, 3H), 3.57 (s, 3H), 3.36 (s, 3H). °C NMR (76 MHz, CDCl5) § 169.5,
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161.6, 130.6, 126.1, 113.3, 60.9, 55.4, 33.9. The NMR data were in agreement with those reported in the

literature.l”

~
EC /©)LEM N-Methoxy-N-methyl-4-(trifluoromethoxy)benzamide (9d). Following the
KA e
O

literature known procedure,™ the title compound 9d was obtained as a colorless
oil (717 mg, 2.88 mmol, 96%). *H NMR (300 MHz, CDCls) & 7.84 — 7.72 (m,
2H), 7.34 — 7.20 (m, 2H), 3.56 (s, 3H), 3.39 (s, 3H). *C NMR (76 MHz, CDCls) & 168.4, 150.7, 132.3,
130.3, 120.2, 61.2, 33.5. 1F NMR (282 MHz, CDCls3) § -57.73. The NMR data were in agreement with
those reported in the literature.”!

| 0 N,3,4-Trimethoxy-N-methylbenzamide (9e). Following the literature known
OD)‘\N/ procedure,® the title compound 9e was obtained as a white solid (669 mg, 2.97
~o OMe mmol, 99%). *H NMR (300 MHz, CDCl3) & 7.38 (dd, J = 8.4, 2.0 Hz, 1H), 7.30
9e (d, J = 2.0 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 3.90 (d, J = 3.6 Hz, 6H), 3.56 (s, 3H),

3.34 (s, 3H). C NMR (76 MHz, CDCls) § 169.3, 151.1, 148.3, 126.1, 122.1, 111.9, 110.1, 61.0, 56.0,
56.0, 34.0. The NMR data were in agreement with those reported in the literature.!

0 N-Methoxy-N-methyl-1H-indole-2-carboxamide (9f). Following the literature

B N~ known procedure,[ the title compound 9f was obtained as a brown solid (596 mg,
NH OMe 2.92 mmol, 97%). 'H NMR (400 MHz, CDCls) & 9.52 (s, 1H), 7.74 — 7.68 (m, 1H),
7.45 (m, 1H), 7.35-7.28 (m, 1H), 7.27 - 7.23 (m, 1H), 7.18 — 7.11 (m, 1H), 3.86 (s,
3H), 3.45 (s, 3H). 3C NMR (76 MHz, CDCls) & 161.8, 135.9, 128.4, 128.1, 124.9,
122.7, 120.6, 111.9, 108.1, 61.5, 33.4. The NMR data were in agreement with those reported in the

literature.l’]
BrettPhosOxide (P10). Following the literature known procedure,l!% the title
compound P10 was obtained as awhite solid (547 mg, 0.99 mmol, 99%).:H NMR
o O (300 MHz, CDCls) 6 6.98 —6.82 (m, 4H), 3.83 (s, 3H), 3.55 (s, 3H), 2.95 - 2.83 (m,
Cy/":', oMe 1H),2.46 (p,J=6.7 Hz, 2H), 2.16 —1.98 (m, 2H), 1.97 — 1.83 (m, 2H), 1.82 - 1.38
,\CAZO Q (m, 10H), 1.34 — 1.10 (m, 20H), 0.91 (d, J = 6.7 Hz, 6H). 3C NMR (101 MHz,
P10 CDCls) 6 153.50 (d, J = 4.9 Hz), 153.22 (d, J = 12.3 Hz), 146.10, 145.54, 137.97,

130.7,121.5 (d, J = 79.7 Hz), 119.7, 112.8, 108.8 (d, J = 7.4 Hz), 55.2, 54.9, 40.3 (d, J = 66.9 Hz), 33.7,
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30.9, 27.4 (d, J = 13.1 Hz), 27.1 — 26.8 (m), 26.3, 25.1, 24.0, 23.9. 3'P NMR (122 MHz, CDCls) § 48.04.
The NMR data were in agreement with those reported in the literature.™*”

XPhosOxide (P20). Following the literature known procedure,** the title compound
O P20 was obtained as a white solid (483 mg, 0.98 mmol, 98%). *H NMR (300 MHz,
CDCls) 6 7.75 —7.65 (m, 1H), 7.50 — 7.35 (m, 2H), 7.22 — 7.13 (m, 1H), 6.98 (s, 2H),

0
Cy/,IFI’ 2.97 — 2.81 (m, 1H), 2.47 — 2.33 (m, 2H), 1.90 — 1.58 (m, 12H), 1.48 — 1.05 (m, 22H),
Cy Q 0.95 (d, J = 6.7 Hz, 6H). *C NMR (101 MHz, CDCls) § 147.8, 145.9, 145.2 (d, J = 6.1
P20 Hz), 136.1 (d, J = 2.3 Hz), 133.6 (d, J = 9.7 Hz), 132.1 (d, J = 9.7 Hz), 131.9, 131.1,

129.9 (d, J = 2.6 Hz), 126.1 (d, J = 10.7 Hz), 120.4, 37.7 (d, J = 65.0 Hz), 34.2, 30.9, 26.9 (dd, J = 12.5,
4.6 Hz), 26.3 (d, J = 3.5 Hz), 26.3 — 26.1 (m), 26.0, 24.2, 22.9. 3P NMR (122 MHz, CDClI3) & 44.55. The
NMR data were in agreement with those reported in the literature.!!!

SPhosOxide (P30). Following the literature known procedure,*? the title

N(Ijeo OMe compound P30 was obtained as awhite solid (290 mg, 0.68 mmol, 68%). *H NMR
Cy/’g (300 MHz, CDCls3) 6 7.93 - 7.81 (m, 1H), 7.57 — 7.40 (m, 2H), 7.39 — 7.27 (m, 1H),
Cy s 7.20-7.13 (m, 1H), 6.62 (d, J = 8.3 Hz, 2H), 3.70 (s, 6H), 2.58 (s, 2H), 1.84 —1.04

(m, 22H). *C NMR (101 MHz, CDCls) § 157.9, 138.7 (d, J = 6.6 Hz), 132.9 (d, J
= 8.4 Hz), 132.7 (d, J = 9.6 Hz), 131.8, 131.0, 130.5 (d, J = 2.5 Hz), 129.3, 126.5
(d, J = 10.4 Hz), 119.1 (d, J = 2.4 Hz), 103.5, 55.62, 37.3 (d, J = 66.0 Hz), 26.8 (dd, J = 12.8, 1.9 Hz), 26.0
(d, J = 3.2 Hz), 25.9 (d, J = 1.5 Hz), 25.8 (d, J = 3.4 Hz). *'P NMR (122 MHz, CDCls) § 47.44. The NMR

data were in agreement with those reported in the literature.[*?!

P30

DavePhosOxide (P40). Following the literature known procedure,™ the title

O — compound P40 was obtained as awhite solid (405 mg, 0.99 mmol, 99%). 'H NMR

CyC”P s / (300 MHz, CDCls) 6 8.06 — 7.94 (m, 1H), 7.54 — 7.38 (m, 2H), 7.37 — 7.27 (m, 2H),

7.04 -6.95 (m, 3H), 2.53 (s, 6H), 1.99 — 0.85 (m, 22H). 3C NMR (101 MHz, CDCls)

P40 8 151.3, 144.6 (d, J = 7.5 Hz), 134.9 (d, J = 1.9 Hz), 133.9 (d, J = 7.2 Hz), 132.6 (d,

J=9.5Hz), 132.1, 131.5, 130.7, 130.6 (d, J = 2.6 Hz), 128.8, 126.6 (d, J = 10.0 Hz), 121.2, 117.5, 44.1,

37.6 (d, J = 65.4 Hz), 36.8 (d, J = 66.2 Hz), 29.8, 27.0 — 26.5 (m), 26.3 — 25.6 (m). 3P NMR (122 MHz,
CDClI3) 5 47.48. The NMR data were in agreement with those reported in the literature.[*%
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JohnPhosOxide (P50). Following the literature known procedure,*®l the title

O compound P50 was obtained as awhite solid (301 mg, 0.96 mmol, 96%). *H NMR (300
tBltJl;u/P s MHz, CDCls) 6 7.73 — 7.61 (m, 1H), 7.55 — 7.45 (m, 1H), 7.44 — 7.36 (m, 1H), 7.35 —
7.18 (m, 6H), 1.30 (s, 9H), 1.26 (s, 9H). **C NMR (101 MHz, CDCls;) § 149.8 (d, J = 3.8

P50 Hz), 142.4 (d, J= 2.5 Hz), 133.3 (d, J =9.0 Hz), 131.2 (d, J = 11.7 Hz), 130.1 (d, J = 2.6

Hz), 129.1, 126.8, 126.5, 125.4 (d, J = 11.2 Hz), 37.1 (d, J = 59.0 Hz), 27.7. 3P NMR (122 MHz, CDCl5)

8 52.57. The NMR data were in agreement with those reported in the literature.[*®l

0 Tris(4-methoxyphenyl)phosphine oxide (P60O). Following the

/@/ P literature known procedure,*#! the title compound P60 was obtained as
MeO \®\0Me awhite solid (365 mg, 0.99 mmol, 99%). *H NMR (300 MHz, CDCls)
§7.63—7.49 (m, 6H), 6.98 — 6.90 (m, 6H), 3.83 (5, 9H). 'P NMR (122

Meopso MHz, CDCls) 6 28.87. The NMR data were in agreement with those

reported in the literature.l*4
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3.3 Synthesis of literature unknown starting materials

O EDCI-HCI (2.5 equiv.) O
DMAP (20 mol%
oH *+ R_OH B mo) 0" R
CH,ClI, (0.10 M), r.t.,, 16 h
(1.2 equiv.) (1.0 equiv.)

General procedure (GP1) for esterification using carboxylic acids: Based on literature,!** an oven dried
Schlenk tube was charged with a magnetic stirring bar and an alcohol (2.00 mmol, 1.00 equiv.). The reaction
tube was sealed, evacuated, and backfilled with argon three times. Then, EDCI-HCI (960 mg, 5.00 mmol,
2.50 equiv.), DMAP (50.0 mg, 0.400 mmol, 20 mol%) and carboxylic acid (2.40 mmol, 1.20 equiv.) were
dissolved in dry CH2CI, (0.10 M) and were added to the reaction tube. After the reaction mixture has been
stirred for 16 hours, water (50 mL) was added and stirring was continued for 10 minutes. The organic layer
was separated and the aqueous layer was extracted with CH,Cl, (3x40 mL). The combined organic layer
was dried over Na,SOs, concentrated under reduced pressure and the crude residue was purified by flash

column chromatpgraphy on silica gel (as detailed in individual entry) to obtain the desired ester.

0 o (S)-2-(2,2-Dimethyl-1,3-dioxolan-4-yl)ethyl-4-chlorobenzoate (1c).
><oj"’/ /\O)K@ The reaction was performed according to the general procedure GP1
ol using (S)-2-(2,2-dimethyl-1,3-dioxolan-4-yl)ethan-1-ol (292 mg, 2.00

1c mmol, 1.00 equiv.) and 4-chlorobenzoic acid (376 mg, 2.40 mmol, 1.20

equiv.). After purification by flash column chromatography on silica gel
(pentane/EtOAc 80:20) the desired product 1c was obtained as a colorless liquid (507 mg, 1.78 mmol,
89%). 'H NMR (300 MHz, CDCl5) & 7.98 — 7.92 (m, 2H), 7.43 — 7.37 (m, 2H), 4.54 — 4.33 (m, 2H), 4.30
—4.19 (m, 1H), 4.14 — 4.07 (m, 1H), 3.62 (dd, J = 8.0, 6.9 Hz, 1H), 2.03 (dq, J = 7.8, 5.8 Hz, 2H), 1.41 (s,
3H), 1.35 (s, 3H). 3C NMR (76 MHz, CDCls) 6 165.7, 139.6, 131.1, 128.8, 109.1, 73.4, 69.5, 62.3, 33.1,
27.1, 25.8. HRMS (ESI) m/z: [M + Na]" Calcd for C14H1704CINa 307.0708; found 307.0707. FT-
IR (neat): v(cm) = 2985, 2935, 2874, 1718, 1594, 1488, 1455, 1401, 1379, 1370, 1270, 1172, 1090, 1057,

1014, 960, 849, 758, 684, 637.

Cl O 2-(Methylthio)ethyl-2-chloro-6-methylbenzoate (1j). The reaction was

@ij\o/\/s\ performed according to the general procedure GP1 using 2-(methylthio)ethan-1-
ol (184 mg, 2.00 mmol, 1.00 equiv.) and 2-chloro-6-methylbenzoic acid (409 mg,

1j 2.40 mmol, 1.20 equiv.). After purification by flash column chromatography on
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silica gel (pentane/Et,O 90:10) the desired product 1j was obtained as a colorless liquid (343 mg,
1.40 mmol, 70%). *H NMR (300 MHz, CDCls) § 7.25 — 7.20 (m, 2H), 7.14 — 7.08 (m, 1H), 4.53 (t, J=7.0
Hz, 2H), 2.86 (t, J = 7.0 Hz, 2H), 2.35 (s, 3H), 2.19 (s, 3H). 3C NMR (76 MHz, CDCls) § 167.2, 136.9,
133.5, 130.7, 128.5, 126.8, 64.1, 32.3, 19.6, 15.8. HRMS (ESI) m/z: [M + Na]* Calcd for C11H13ClIO.SNa
267.0223; found 267.0215. FT-IR (neat): v(cm™) = 2918, 2361, 2024, 1732, 1595, 1568, 1453, 1376,
1267, 1244, 1207, 1181, 1154, 1106, 1070, 1002, 939, 869, 777, 669, 457.

| 2-Chlorobenzyl 4-(dimethylamino)benzoate (1k). The reaction was

N~ performed according to the general procedure GP1 using (2-
Q\/Om/@/ chlorophenyl)methanol (285 mg, 2.00 mmol, 1.00 equiv.) and 4-
Cl 0 (dimethylamino)benzoic acid (397 mg, 2.40 mmol, 1.20 equiv.). After
1k purification by flash column chromatography on silica gel (pentane/Et,O
95:5—90:10) the desired product 1k was obtained as a white solid (446 mg, 1.54 mmol, 77%). *H NMR
(300 MHz, CDCls) 6 8.00 (d, 2H), 7.61 — 7.49 (m, 1H), 7.48 — 7.37 (m, 1H), 7.36 — 7.25 (m, 2H), 6.69 (d,
2H), 5.46 (s, 2H), 3.07 (s, 6H). *C NMR (76 MHz, CDCl3) § 166.6, 153.4, 134.5, 133.5, 131.5, 129.5,
129.5, 129.2, 126.6, 116.7, 110.8, 63.3, 40.1. HRMS (ESI) m/z: [M + Na]* Calcd for C1sH16CINO,Na
312.0767; found 312.0761. m.p.: 91.3 — 92.4 °C FT-IR (neat): v(cm™) = 2895, 2359, 2027, 1703, 1605,

1528, 1481, 1444, 1370, 1318, 1277, 1230, 1184, 1102, 1052, 946, 829, 768, 754, 698.

O F 1-(4-Chlorophenyl)ethyl-4-bromo-2-fluorobenzoate ~ (3m).  The

OJ\©\ reaction was performed according to the general procedure GP1 using

Cl Br 1-(4-chlorophenyl)ethan-1-ol (313 mg, 2.00 mmol, 1.00 equiv.) and 4-
3m bromo-2-fluorobenzoic acid (526 mg, 2.40 mmol, 1.20 equiv.). After

purification by flash column chromatography on silica gel (pentane/Et,O
90:10) the desired product 3m was obtained as a colorless oil (622 mg, 1.74 mmol, 87%). *H NMR (300
MHz, CDCls) 6 7.89 — 7.76 (m, 1H), 7.42 — 7.30 (m, 6H), 6.09 (g, J = 6.6 Hz, 1H), 1.65 (d, J = 6.6 Hz, 3H).
13C {1%F} NMR (126 MHz, CDCls) 6 163.0, 161.8, 140.0, 134.0, 133.3, 128.9, 128.1, 127.7, 127.7, 120.9,
118.0, 73.2, 22.5. 9F NMR (282 MHz, CDCls) & -106.02. HRMS (ESI) m/z: [M + Na]* Calcd for
CisH110,BrCIFNa 378.9507; found 378.9506. FT-IR (neat): v(cm™?) = 3085, 2982, 2932, 1713, 1599,
1571, 1481, 1404, 1279, 1219, 1133, 1084, 1057, 1013, 962, 856, 823, 767, 680, 637.
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0] NEt; (3.0 equiv.) (0]

DMAP (20 mol%)
+ R__OH > S
©)J\C| ~ CH3CN (1.0 M), r.t.,, 16 h ©)J\O R

(1.5 equiv.) (1.0 equiv.)

General procedure (GP2) for esterification using benzoyl chloride: Based on literature,™ an oven dried
Schlenk tube was charged with a magnetic stirring bar and an alcohol (2.00 mmol, 1.00 equiv.). The reaction
tube was sealed, evacuated, and backfilled with argon three times. Then, benzoyl chloride (350 pL, 3.00
mmol, 1.50 equiv.), DMAP (50.0 mg, 0.400 mmol, 20 mol%) and triethylamine (830 uL, 6.00 mmol, 3.00
equiv.) were dissolved in dry CHsCN (1.00 M) and were added to the reaction tube. After the reaction
mixture has been stirred for 16 hours, water (15 mL) was added and stirring was continued for 10 minutes.
After adding CH,CI; (15 mL) the organic layer was separated and the aqueous layer was extracted with
CHCI; (3x10 mL). The combined organic layer was dried over Na,SO., concentrated under reduced
pressure and the crude residue was purified by flash column chromatography on silica gel (as detailed in
individual entry) to obtain the desired ester.

o~ 4-Bromo-3,5-dimethoxybenzyl benzoate (3j). The reaction was performed

Br according to the general procedure GP2 using (4-bromo-3,5-
Oﬁvop dimethoxyphenyl)methanol (494 mg, 2.00 mmol, 1.00 equiv.). After
I o) purification by flash column chromatography on silica gel (pentane/Et,O

3j 90:10) the desired product 3j was obtained as a white solid (513 mg, 1.46

mmol, 73%). *H NMR (300 MHz, CDCls) & 8.11 — 8.05 (m, 2H), 7.62 — 7.55 (m, 1H), 7.50 — 7.41 (m, 2H),
6.66 (s, 2H), 5.32 (s, 2H), 3.92 (s, 6H). 13C NMR (76 MHz, CDCl3) 8 166.4, 157.2, 136.8, 133.3, 130.3,
130.0, 129.8, 128.6, 104.7, 100.8, 66.7, 56.6. HRMS (ESI) m/z: [M + Na]* Calcd for CysH1s0.BrNa
373.0051; found 373.0046. m.p.: 93.6 — 95.1 °C FT-IR (neat): v(cm) = 2941, 2106, 1953, 1721, 1692,
1641, 1588, 1550, 1530, 1493, 1453, 1416, 1373, 1330, 1314, 1272, 1238, 1177, 1125, 1071, 1036, 957,
824, 713.

0 9-Bromononyl benzoate (3k). The reaction was performed according to the
©)J\/o\/;\/> general procedure GP2 using 9-bromononan-1-ol (446 mg, 2.00 mmol, 1.00
Br equiv.). After purification by flash column chromatography on silica gel

3Kk (pentane/Et,0O 90:10) the desired product 3k was obtained as a colorless oil (439

mg, 1.34 mmol, 67%). *H NMR (300 MHz, CDCl5) § 8.10 — 8.00 (m, 2H), 7.62 — 7.52 (m, 1H), 7.49 — 7.39
(m, 2H), 4.32 (t, J = 6.7 Hz, 2H), 3.53 (t, J = 6.7 Hz, 1H), 3.40 (t, J = 6.9 Hz, 1H), 1.92 — 1.68 (m, 4H),
1.52 — 1.22 (m, 10H). °C NMR (76 MHz, CDCls) § 166.8, 132.9, 130.7, 129.7, 128.5, 65.2, 45.3, 34.1,
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32.9, 32.8, 29.4, 29.3, 28.9, 28.3, 26.9, 26.1. HRMS (ESI) m/z: [M + Na]* Calcd for CisH230.BrNa
349.0774; found 349.0776. FT-IR (neat): v(cm™) = 2928, 2855, 1716, 1602, 1451, 1387, 1314, 1271, 1175,
1113, 1069, 1026, 960, 843, 803, 760, 711, 676, 640.

\ 7/
o “Cl (1.1 equiv.)

~_ K o R
SRS | P o3 @
H or Seo- Y NaH (1.5 equiv.) . or ST\

i S0 PN
THF (0.33 M), 0°Ctor.t. XX s

N
i o)
(1.0 equiv.) 16 h R by ]l/\/)

General procedure (GP3) for N-tosylation of amides, indoles and pyrroles: Based on literature," an

)
A /\>
" O

oven dried Schlenk tube was charged with a magnetic stirring bar and an amide/pyrrole/indole (2.00 mmol,
1.00 equiv.). The reaction tube was sealed, evacuated, and backfilled with argon three times. Dry THF (0.33
M) was added, and the mixture was cooled to 0 °C. While vigorous stirring, NaH (60% dispersion in mineral
oil) (120 mg, 3.00 mmol, 1.50 equiv.) was added and the mixture was stirred for 30 minutes. Then, sulfonyl
chloride (2.20 mmol, 1.10 equiv.) was added and stirring was continued for 16 hours at ambient
temperature. After treating the mixture with saturated NH4Cl solution (15 mL) stirring was continued for
10 minutes. After adding CH.CI, (15 mL), the organic layer was separated, and the aqueous layer was
extracted with CHCl, (3x20 mL). The combined organic layer was dried over Na,SOs, concentrated under
reduced pressure and the crude residue was purified by flash column chromatography on silica gel (as

detailed in individual entry) to obtain the corresponding product.

\ o Methyl-(R)-5-oxo-1-tosylpyrrolidine-2-carboxylate (7d). The reaction was
o ) .
Z Q,f performed according to the general procedure GP3 using methyl-(R)-5-

0]
WS\@\ oxopyrrolidine-2-carboxylate (286 mg, 2.00 mmol, 1.00 equiv.) and 4-
') methylbenzenesulfonyl chloride (419 mg, 2.20 mmol, 1.10 equiv.). After
7d purification by flash column chromatography on silica gel (pentane/EtOAc
70:30—50:50) the desired product 7d was obtained as a white solid (297 mg, 1.00 mmol, 50%).'H NMR
(300 MHz, CDCls) 4 8.00 — 7.93 (m, 2H), 7.36 — 7.31 (m, 2H), 4.94 — 4.86 (m, 2H), 3.79 (s, 3H), 2.66 —
2.46 (m, 2H), 2.44 (s, 3H), 2.23 — 2.00 (m, 1H). 3C NMR (76 MHz, CDCls) & 172.6, 171.3, 145.5, 134.8,
129. 3, 129.1, 59.4, 52.9, 30.5, 23.4, 21.8. HRMS (ESI) m/z: [M + H]* Calcd for C13H1sNOsSH 298.0744;
found 298.0743. m.p.: 121.5 — 124.2 °C. FT-IR (neat): v(cm™?) = 3057, 2349, 1918, 1869, 1845, 1829,
1793, 1748, 1717, 1699, 1684, 1670, 1653, 1635, 1616, 1596, 1576, 1558, 1541, 1521, 1507, 1496, 1489,
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1473, 1457, 1437, 1419, 1396, 1362, 1265, 1209, 1169, 1140, 1087, 1029, 990, 956, 814, 731, 702, 665,
630, 604, 580, 554, 529, 472, 458.

0 (R)-4-Benzyl-3-(m-tolylsulfonyl)oxazolidin-2-one (7h). The reaction was
O|:/</N—§//O performed according to the general procedure GP3 using (R)-4-benzyloxazolidin-

5 2-one (354 mg, 2.00 mmol, 1.00 equiv.) and 3-methylbenzenesulfonyl chloride

’ O (419 mg, 2.20 mmol, 1.10 equiv.). After purification by flash column
@ 7h chromatography on silica gel (pentane/EtOAc 90:10—80:20) the desired product
7d was obtained as a white solid (345 mg, 1.04 mmol, 52%).'H NMR (300 MHz,

CDCls) 6 7.97 — 7.85 (m, 2H), 7.54 — 7.42 (m, 2H), 7.38 — 7.28 (m, 3H), 7.24 — 7.18 (m, 2H), 4.75 — 4.60
(m, 1H), 4.23 - 4.05 (m, 2H), 3.53 (dd, J = 13.4, 3.6 Hz, 1H), 2.85 (dd, J = 13.4, 10.1 Hz, 1H), 2.46 (s, 3H).
13C NMR (76 MHz, CDCls) 6 152.1, 139.8, 138.1, 135.4, 134.7, 129.6, 129.2, 128.8, 127.7, 125.6, 58.1,
39.9, 21.5. HRMS (ESI) m/z: [M + Na]* Calcd for C17H17NO4SNa 354.0771; found 354.0768. m.p.: 125.0 —
125.3 °C. FT-IR (neat): v(cm™) = 3057, 2349, 1918, 1869, 1845, 1829, 1792, 1772, 1749, 1734, 1717,
1699, 1684, 1670, 1653, 1635, 1616, 1595, 1576, 1558, 1541, 1521, 1507, 1497, 14989, 1473, 1457, 1437,

1419, 1395, 1362, 1265, 1169, 1132, 1087, 1041, 994, 956, 896, 731, 699, 685, 623, 597, 555, 526, 506,
472.

0 Ethyl-1-([1,1'-biphenyl]-4-ylsulfonyl)-2,4-dimethyl-1H-pyrrole-3-

O\\é)\N B o~ ™\ carboxylate (7i). The reaction was performed according to the general

= procedure GP3 using ethyl-2,4-dimethyl-1H-pyrrole-3-carboxylate

O (334 mg, 2.00 mmol, 1.00 equiv.) and [1,1'-biphenyl]-4-sulfonyl
O 7i chloride (556 mg, 2.20 mmol, 1.10 equiv.). After purification by flash

column chromatography on silica gel (pentane/EtOAc 85:15) the
desired product 7i was obtained as a white solid (514 mg, 1.34 mmol, 67%). *H NMR (300 MHz, CDCls)
8 7.93-7.83 (m, 2H), 7.76 — 7.66 (m, 2H), 7.60 — 7.54 (m, 2H), 7.52 — 7.41 (m, 3H), 7.11 (s, 1H), 4.25 (q,
J=7.1Hz, 2H), 2.63 (s, 3H), 2.20 (d, J = 1.2 Hz, 3H), 1.32 (t, J = 7.1 Hz, 3H). 3C NMR (76 MHz, CDCls)
5 165.29, 147.28, 138.90, 137.52, 137.22, 129.28, 129.01, 128.24, 127.77, 127.50, 122.71, 119.18, 117.68,
60.09, 29.84, 14.44, 12.80. HRMS (ESI) m/z: [M + H]* Calcd for C21H21NO4SH 384.1264; found 384.1265.
m.p.: 109.8 — 112.1 °C. FT-IR (neat): v(cm™) = 3056, 2929, 2350, 2309, 1918, 1869, 1845, 1829, 1793,
1771, 1749, 1734, 1716, 1699, 1685, 1670, 1653, 1635, 1616, 1593, 1577, 1558, 1541, 1522, 1507, 1497,
1489, 1473, 1457, 1437, 1418, 1397, 1369, 1291, 1264, 1237, 1175, 1103, 1018, 990, 896, 844, 732, 701,
674, 607, 589, 564, 544, 472, 458.
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Q\ o\\/p 1-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)-1H-benzo[d][1,2,3]triazole

CF
N/S ® (7j). The reaction was performed according to the general procedure GP3
using 1H-benzo[d][1,2,3]triazole (238 mg, 2.00 mmol, 1.00 equiv.) and 3,5-

CF3 bis(trifluoromethyl)benzenesulfonyl chloride (688 mg, 2.20 mmol,

1.10 equiv.). After purification by flash column chromatography on silica gel
(pentane/EtOAC 80:20) the desired product 7j was obtained as a white solid (569 mg, 1.44 mmol, 72%).
'H NMR (300 MHz, CDCls) 6 8.57 (s, 2H), 8.18 —8.07 (m, 3H), 7.81 — 7.69 (m, 1H), 7.63 — 7.47 (m, 1H).
13C {**F} NMR (126 MHz, CDCls) & 145.6, 133.9, 131.7, 131.3, 128.9, 128.4, 126.7, 122.1, 121.2, 111.9.
¥FE NMR (282 MHz, CDCl3) § -62.99. HRMS (ESI) m/z: [M + Na]* Calcd for C14H7;N30,SFsNa 418.0055;
found 418.0056. m.p.: 140.4 — 142.2 °C. FT-IR (neat): v(cm™) = 3085, 2923, 2853, 2349, 2309, 1869,
1845, 1829, 1793, 1771, 1749, 1734, 1716, 1699, 1685, 1670, 1653, 1635, 1616, 1592, 1577, 1558, 1541,
1522, 1507, 1497, 1484, 1473, 1457, 1437, 1418, 1404, 1361, 1317, 1274, 1241, 1174, 1132, 1108, 1010,
962, 913, 845, 833, 769, 749, 721, 695, 680, 664, 620, 588, 555, 495, 459.

\ 7/

S<
R{j/ Cl (1.5 equiv.)
T (0] R

P o //x
(o) H . N/ O:‘é A\ /

N DMAP (20 mol%), NEt3 (2.0 equiv.) ) or h

)J\N/ o @R) CH,Cl, (0.3 M), rt, 16 h N0 N

H 2 2( . )l rt, R_: @)
_

(1.0 equiv.)

General procedure (GP4) for N-tosylation of amides and indolines: Based on literature,*”! an oven dried
Schlenk tube was charged with a magnetic stirring bar and an amide/indoline (2.00 mmol, 1.00 equiv.). The
reaction tube was sealed, evacuated, and backfilled with argon three times. Sulfonyl chloride (3.00 mmol,
1.50 equiv.), DMAP (50.0 mg, 0.400 mmol, 20 mol%) and triethylamine (560 pL, 4.00 mmol, 2.00 equiv.)
were dissolved in dry CH,Cl; (0.30 M) and the mixture was added to the reaction tube. Reaction was
stopped after 16 hours, and water (15 mL) was added. The organic layer was separated and the aqueous
layer was extracted with CH,Cl, (3x20 mL). The organic layer was washed with 2M HCI (3x10 mL) and
the combined organic layer was dried over Na,SQOs, concentrated under reduced pressure and the crude
residue was purified by flash column chromatography on silica gel (as detailed in individual entry) to obtain

the corresponding product.
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(3aR,4S,7R,7aS)-2-Tosylhexahydro-1H-4,7-methanoisoindole-1,3(2H)-
dione (7c). The reaction was performed according to the general procedure GP3
using (3aR,4S,7R,7aS)-hexahydro-1H-4,7-methanoisoindole-1,3(2H)-dione
(238 mg, 2.00 mmol, 1.00 equiv.) and 4-methylbenzenesulfonyl chloride (572

mg, 3.00 mmol, 150 equiv.). After purification by flash column
chromatography on silica gel (pentane/EtOAc 50:50) the desired product 7c was obtained as a light yellow
solid (549 mg, 1.72 mmol, 86%). *H NMR (300 MHz, CDCls) 6 8.00 (d, 2H), 7.36 (d, J = 8.4 Hz, 2H),
2.71 (s, 2H), 2.66 — 2.60 (m, 2H), 2.45 (s, 3H), 1.70 — 1.51 (m, 2H), 1.41 — 1.23 (m, 2H), 1.22 — 1.06 (m,
1H), 0.97 - 0.85 (m, 1H). *C NMR (76 MHz, CDCls) § 146.5, 134.8, 130.0, 128.6, 48.9, 41.0, 33.8, 27.9,
21.9. HRMS (ESI) m/z: [M + Na]* Calcd for C16H17NO4sSNa 342.0771 ; found 342.0765. m.p.: 162.1 —
165.9 °C. FT-IR (neat): v(cm?) = 3055, 2350, 2308, 2158, 1967, 1943, 1918, 1890, 1869, 1844, 1829,
1810, 1800, 1793, 1771, 1761, 1749, 1734, 1716, 1699, 1684, 1670, 1653, 1635, 1624, 1616, 1576, 1569,
1558, 1541, 1521, 1507, 1497, 1489, 1473, 1457, 1437, 1419, 1396, 1387, 1374, 1362, 1339, 1264, 1191,
1179, 1046, 963, 896, 735, 704, 660, 502, 472, 458.

1-(Mesitylsulfonyl)-2-methyl-6-oxo-1,6-dihydro-[3,4'-bipyridine]-5-
carbonitrile (7g). The reaction was performed according to the general
procedure GP3 using milrinone (423 mg, 2.00 mmol, 1.00 equiv.) and 2,4,6-
trimethylbenzenesulfonyl chloride (656 mg, 3.00 mmol, 1.50 equiv.). After

purification by flash column chromatography on silica gel (pentane/EtOAc

50:50) the desired product 7g was obtained as a light yellow solid (661 mg,
1.68 mmol, 84%). 'H NMR (300 MHz, CDCls) 6 8.76 — 8.67 (m, 2H), 7.82 (s, 1H), 7.23 — 7.15 (m, 2H),
7.02 (s, 2H), 2.75 (s, 6H), 2.34 (d, 6H). 3C NMR (76 MHz, CDCls) & 159.8, 156.8, 150.5, 144.5, 143.8,
140.5, 131.9, 123.7, 113.2, 97.5, 23.33, 22.9, 21.3. HRMS (ESI) m/z: [M + Na]* Calcd for C21H19N303SNa
416.1039; found 416.1029. m.p.: 183.5 — 186.4 °C. FT-IR (neat): v(cm™) = 3061, 2980, 2350, 2309, 2237,
1918, 1869, 1845, 1829, 1793, 1771, 1749, 1734, 1716, 1699, 1684, 1670, 1653, 1635, 1602, 1558, 1541,
1521, 1507, 1497, 1489, 1472, 1457, 1436, 1418, 1404, 1369, 1308, 1264, 1241, 1219, 1192, 1175, 1131,
1086, 1070, 1052, 1033, 1014, 996, 950, 853, 837, 818, 772, 754, 745, 716, 672, 650, 632, 607, 568, 535,
525, 506, 482, 458.
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F 1-((3,5-Difluorophenyl)sulfonyl)indoline (7k). The reaction was performed

o 0 according to the general procedure GP3 using indoline (238 mg, 2.00 mmol, 1.00
N3 equiv.) and 3,5-difluorobenzenesulfonyl chloride (638 mg, 3.00 mmol, 1.50

©iN) i equiv.). After purification by flash column chromatography on silica gel
(pentane/EtOAC 95:5) the desired product 7k was obtained as a light yellow solid
(543 mg, 1.84 mmol, 92%). *H NMR (300 MHz, CDCls) 6 7.63 (d, J = 8.1 Hz,
1H), 7.40 — 7.32 (m, 2H), 7.30 — 7.21 (m, 1H), 7.19 — 7.12 (m, 1H), 7.09 — 6.98 (m, 2H), 3.98 (t, J = 8.0
Hz, 2H), 2.99 (t, J = 8.4 Hz, 2H). *C NMR (76 MHz, CDCls) 5 164.5 (d, J = 11.5 Hz), 161.2 (d, J = 11.5
Hz), 141.3, 140.42, 131.7, 128.2, 125.6, 124.5, 111.1 (d, J = 27.9 Hz), 110.9 (d, J = 9.0 Hz), 108.9 (d, J =
50.0 Hz), 108.9, 50.3, 27.9. F NMR (282 MHz, CDCl3) § -105.41. HRMS (ESI) m/z: [M + Na]* Calcd
for C14H1:NO,SF2Na 318.0371; found 318.0369. m.p.: 138.6 — 142.9 °C. FT-IR (neat): v(cm?) = 3077,
2988, 2349, 1918, 1869, 1845, 1829, 1793, 1771, 1749, 1734, 1716, 1699, 1684, 1670, 1653, 1635, 1604,
1577, 1558, 1541, 1521, 1507, 1497, 1489, 1475, 1458, 1437, 1419, 1396, 1362, 1330, 1298, 1264, 1243,
1168, 1126, 1105, 1081, 1044, 1027, 988, 867, 858, 731, 705, 670, 629, 606, 591, 572, 537, 519, 458.

7k

4-Cyano-N-ethyl-N-(naphthalen-1-yl)benzenesulfonamide (7f). An oven

\ 7/

O O

LN/S\©\ dried Schlenk tube was charged with a magnetic stirring bar and N-
“ cN ethylnaphthalen-1-amine (343 mg, 2.00 mmol, 1.00 equiv.). The reaction tube
O‘ was sealed, evacuated, and backfilled with argon three times. Then, dry
7f pyridine (0.40 M) was added and the mixture was cooled to 0 °C. 4-Cyano-
benzenesulfonyl chloride (444 mg, 2.20 mmol, 1.10 equiv.) was added and the mixture was stirred for
16 hours at room temperature. After treating the mixture with saturated NH4Cl solution (10 mL), the organic
layer was separated and the aqueous layer was extracted with CH,Cl, (3x15 mL). The combined organic
layer was dried over Na,SOs, concentrated under reduced pressure and the crude residue was purified by
flash column chromatography (pentane/EtOAc 90:10) on silica gel to obtain the corresponding product 7f
(572 mg, 1.70 mmol, 85%) as a brown solid. *H NMR (300 MHz, CDCls) & 8.06 — 7.99 (m, 1H), 7.91 —
7.73 (m, 6H), 7.58 — 7.47 (m, 2H), 7.37 (t, J = 7.3 Hz, 1H), 6.90 (dd, J = 7.3, 1.2 Hz, 1H), 4.02 — 3.85 (m,
1H), 3.78 —3.55 (m, 1H), 1.10 (t, J = 7.1 Hz, 3H). ¥C NMR (76 MHz, CDCls) § 143.3, 134.9, 134.9, 133.0,
132.8, 128.5, 128.3, 127.2, 126.9, 125.1, 123.8, 117.5, 116.4, 47.8, 14.4. HRMS (ESI) m/z: [M + Na]*
Calcd for C19H16N20.SNa 359.0825; found 359.0824. m.p.: 144.9 — 147.6 °C. FT-IR (neat): v(cm?) =
3090, 2981, 2234, 1734, 1716, 1699, 1684, 1653, 1635, 1594, 1558, 1541, 1521, 1506, 1489, 1457, 1393,
1362, 1345, 1308, 1282, 1256, 1230, 1178, 1165, 1148, 1109, 1088, 1067, 1026, 1009, 980, 961, 907, 842,

806, 791, 769, 741, 684, 652, 629, 577, 556, 514, 502, 474.
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0

Br OMe o1 . —P I
- C OMe
cy P 4 Buli (2 equiv. (e ﬁ +  oy-P OMe
Cy Et,0 (0.6 M) o cy D/

MeO 78 °Ctort, MeO
16 h

P8, >98% P80, <2%

Synthesis of Dicyclohexyl-(2,5-dimethoxyphenyl)phosphane (P8). An oven dried Schlenk tube was
charged with a magnetic stirring bar and 2-bromo-1,4-dimethoxybenzene (6.00 mmol, 1.00 equiv.). The
reaction tube was sealed, evacuated, and backfilled with argon three times. Dry Et,O (0.60 M) was added,
and the mixture was cooled to -78 °C. While stirring vigorously, ‘BuLi (1.90 M in pentane, 12.0 mmol, 2.00
equiv.) was added dropwise, and the mixture was stirred for 60 minutes. Then,
chlorodicyclohexylphosphane (7.20 mmol, 1.20 equiv.) was added dropwise at -78 °C. The reaction mixture
was gradually allowed to warm up to room temperature and stirring was continued for 16 hours. After
treating the mixture with saturated NH4Cl solution (10 mL) stirring was continued for 10 minutes. Then,
the organic layer was separated, and the aqueous layer was extracted with Et,O (3x20 mL). The combined
organic layer was dried over Na;SO4, concentrated under reduced pressure and the crude residue was
purified by flash column chromatography on silica gel (pentane/Et,O 99:1 — 97:3) to obtain the desired
phosphine P8 as a colorless oil (1.26 g, 3.78 mmol, 63%). *H NMR (300 MHz, CDCl3) § 6.98 — 6.87 (m,
1H), 6.86 — 6.75 (m, 2H), 3.77 (d, J = 2.2 Hz, 6H), 2.03 — 1.51 (m, 11H), 1.37 — 0.90 (m, 11H). *C NMR
(101 MHz, CDCls) & 157.29, 153.01 (d, J = 4.4 Hz), 124.50 (d, J = 22.1 Hz), 121.09 (d, J = 11.1 Hz),
114.04, 111.33 (d, J = 2.2 Hz), 56.01, 55.72, 32.91 (d, J = 12.4 Hz), 30.51 (d, J = 17.3 Hz), 29.30 (d, J =
8.2 Hz), 27.21 (d, J = 25.6 Hz), 27.19 (d, J = 5.4 Hz), 26.45 (d, J = 1.3 Hz). 3!P NMR (122 MHz, CDCls)
d -8.57. HRMS (ESI) m/z: [M + Na]* Calcd for CHs10,PNa 357.1954; found 357.1942. FT-IR (neat):
v(cm?) = 2920, 2846, 1579, 1483, 1464, 1446, 1401, 1268, 1222, 1178, 1147, 1048, 1024, 886, 849, 801,
729, 511, 486.
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4. Synthesis and Characterization of Products

4.1 Synthesis and characterization of products 2,4,6,8,10

3

R
2 3
R or R' "X T 1

F PC1 (2.5 mol%), Z R

Aryl- and Alkylhalides, 1, 3, 5 P1 (2.0 eq.), HAT1 (20 mol%) 2,46
o 0 CH3CN (0.10 M), H,0 (21-42 eq.) o
WY _ 10 W 445 nm, 20 °C, 20-68 h H
! ’}l _N or N/
N or OMe R 'R2 H
R" 'R2 R R
7 ° 8 10

General procedure (GP4) for the reaction of aryl- and alkylhalides, desulfonation and Weinreb-
amides: To an oven dried Schlenk tube with a magnetic stirring bar, PC1 (0.005 mmol, 2.5 mol%), P1
(0.400 mmol, 2.00 equiv.), CH3CN (2.00 mL, 0.01 M) and deionized water (75 pL, 4.20 mmol, 21 equiv.)
were added under argon atmosphere using standard Schlenk techniques at ambient temperature. Next,
HAT1 (0.040 mmol, 20 mol%) and aryl- or alkyl halide 1,3,5 or N-protected tosylated amine 7 or Weinreb-
amide 9 (0.200 mmol, 1.00 equiv.) were added under argon counterflow. The tube was sealed, placed in
the photoreactor and irradiated with a 10 W 445 nm LED at 20 °C using the standard set-up. After
completion of the reaction (20 hours), the irradiation was stopped, and volatiles were removed under
reduced pressure. The crude residue was purified by flash chromatography on silica gel (as detailed in

individual entry) to obtain the desired product 2,4,6,8,10.

(l) o Methyl 2-phenylacetate (2a). According to GP4, using the aryl chloride 1a (0.200

mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED

irradiation. The crude residue was purified by flash column chromatography

H (pentane—pentane/ Et,O 95:5) to obtain 2a (26.7 mg, 0.178 mmol, 89%) as a colorless
2a liquid. *H NMR (300 MHz, CDCls) § 7.46 — 7.25 (m, 5H), 3.73 (s, 3H), 3.67 (s, 2H).

3C NMR (76 MHz, CDCls) & 172.1, 134.0, 129.3, 128.6, 127.1, 52.0, 41.2. The NMR data were in

agreement with those reported in the literature.*®!
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1,1'-Biphenyl (2a). According to GP4, using the aryl chloride 1b (0.200 mmol, 1.00

O equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude

O H residue was purified by flash column chromatography (pentane) to obtain 2b (29.3 mg,
2b 0.190 mmol, 95%) as a white solid. *H NMR (300 MHz, CDCls) § 7.66 — 7.58 (m, 4H),

7.51 - 7.42 (m, 4H), 7.42 — 7.32 (m, 2H). *C NMR (76 MHz, CDCls) § 141.3, 128.9, 127.3, 127.3. The

NMR data were in agreement with those reported in the literature.[*l

0 o) (S)-2-(2,2-Dimethyl-1,3-dioxolan-4-yl)ethyl benzoate (2c). According
><Oj"’//\o)1\©\ to GP4, using the aryl chloride 1c (0.200 mmol, 1.00 equiv.) and stirring
H at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude

2c residue was purified by flash column chromatography (pentane:Et,O

80:20) to obtain 2¢ (46.1 mg, 0.184 mmol, 92%) as a colorless oil. 'H NMR (300 MHz, CDCls) & 8.07 —
8.00 (m, 2H), 7.60 — 7.51 (m, 1H), 7.47 — 7.38 (m, 2H), 4.53 — 4.36 (m, 2H), 4.32 — 4.21 (m, 1H), 4.17 —
4.06 (m, 1H), 3.69 — 3.55 (m, 1H), 2.12 — 1.98 (m, 2H), 1.42 (s, 3H), 1.38 — 1.34 (m, 3H). *C NMR (76
MHz, CDCls) 8 166.5, 131.0, 130.2, 129.6, 128.8, 128.5, 109.0, 69.5, 62.0, 33.0, 27.0, 25.8. The NMR data

were in agreement with those reported in the literature.!®!

0 Diphenylether (2d). According to GP4, using the aryl chloride 1d (0.200 mmol,

/©/ \© 1.00 equiv.), P1 (0.800 mmol, 4.00 equiv.) and stirring at 20 °C for 68 hours under
" 2d 10 W 445 nm LED irradiation. The crude residue was purified by flash column
chromatography (pentane) to obtain 2d (30.3 mg, 0.178 mmol, 89%) as a colorless

liquid. *H NMR (300 MHz, CDCls) § 7.41 — 7.32 (m, 4H), 7.17 — 7.09 (m, 2H), 7.08 — 7.02 (m, 4H). *°C
NMR (76 MHz, CDCls) 6 157.3, 129.8, 123.3, 119.0. The NMR data were in agreement with those reported

in the literature.?!
H Naphtalene (2e). According to GP4, using the aryl chloride 1e (0.200 mmol, 1.00 equiv.)
and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude residue
was purified by flash column chromatography (pentane) to obtain 1e (20.5 mg, 0.160 mmol,
2e 80%) as a white solid. *H NMR (300 MHz, CDCls) § 7.93 — 7.84 (m, 4H), 7.57 — 7.45 (m,

4H). BC NMR (76 MHz, CDCls) & 133.5, 128.0, 125.9. The NMR data were in agreement with those

reported in the literature.(*"!
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1,3-Dimethoxy-5-methylbenzene (2f). According to GP4, using the alkyl chloride 1f

0 © (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED
\(P/ irradiation. The crude residue was purified by flash column chromatography

H (pentane:CH,Cl, 70:30) to obtain 2f (25.9 mg, 0.170 mmol, 85%) as a yellow oil.

2f 'H NMR (300 MHz, CDCls) 8 6.38 — 6.33 (m, 2H), 6.33 — 6.28 (m, 2H), 3.78 (s, 6H),
2.32 (s, 3H). The NMR data were in agreement with those reported in the literature.??

1,3-Dimethoxybenzene (2g). According to GP4, using the aryl chloride 1g (0.200

mmol, 1.00 equiv.), P1 (0.800 mmol, 4.00 equiv.) and stirring at 20 °C for 68 hours
stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude residue

was analyzed by gas chromatography using dodecane (0.200 mmol) as an internal
2g standard to detect the desired product 2g (99%).

1,3,5-Trimethoxybenzene (2h). According to GP4, using the aryl chloride 1h (0.200
mmol, 1.00 equiv.), P1 (0.800 mmol, 4.00 equiv.) and stirring at 20 °C for 68 hours
stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude residue
was analyzed by gas chromatography using dodecane (0.200 mmol) as an internal

2h standard to detect the desired product 2h (42%).

4,4,5,5-Tetramethyl-2-phenyl-1,3,2-dioxaborolane (2i). According to GP4, using
the aryl chloride 1i (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 68 hours

/©/ under 10 W 445 nm LED irradiation. The crude residue was analyzed by gas
chromatography using dodecane (0.200 mmol) as an internal standard to detect the
2i desired product 2i (84%).

2-(Methylthio)ethyl 2-methylbenzoate (2j). According to GP4, using the aryl
@iu\ S\ chloride 1j (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10
W 445 nm LED irradiation. The crude residue was purified by flash column
chromatography (pentane—CH.Cl,) to obtain 2j (41.6 mg, 0.198 mmol, 99%) as
a light yeIIow oil. 'H NMR (300 MHz, CDClz) 6 7.85 (dd, J = 8.1, 1.5 Hz, 1H), 7.38 — 7.27 (m, 1H), 7.22
—7.11 (m, 2H), 4.39 (t, J = 6.8 Hz, 2H), 2.78 (t, J = 6.9 Hz, 2H), 2.53 (s, 3H), 2.12 (s, 3H). 3C NMR (76
MHz, CDCls) 6 167.4, 140.4, 132.1, 131.8, 130.7, 129.4, 125.8, 63.2, 32.7, 21.8, 15.9. HRMS (ESI) m/z:

[M + Na]* Calcd for C11H140,SNa 233.0607; found 233.0607. FT-IR (neat): v(cm™?) = 2131, 1719, 1600,
1463, 1431, 1376, 1316, 1268, 1206, 1156, 1113, 1069, 1027, 837, 739.
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| Benzyl 4-(dimethylamino)benzoate (2k). According to GP4, using the

N~ aryl chloride 1k (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours
Q\/O\H/@ under 10 W 445 nm LED irradiation. The crude residue was purified by
H O flash column chromatography (pentane/Et,O 90:10—80:20) to obtain 2k
2k (26.6 mg, 0.104 mmol, 52%) as a colorless oil. *H NMR (300 MHz, CDCls)

'H NMR (300 MHz, CDCls) 6 8.06 — 7.93 (m, 2H), 7.60 — 7.51 (m, 1H), 7.51 — 7.36 (m, 2H), 7.36 — 7.25
(m, 2H), 6.74 —6.61 (m, 2H), 5.46 (s, 2H), 3.07 (s, 6H). *C NMR (101 MHz, CDCls) & 166.6, 153.5, 136.9,
134.6, 133.5, 131.5, 129.5, 129.2, 128.5, 128.0, 126.9, 116.6, 110.8, 65.9, 63.3, 40.1. HRMS (ESI) m/z:

[M + Na]* Calcd for C16H17NO,Na 278.1152; found 278.1152. FT-IR (neat): v(cm™) = 2889, 2362, 2032,
1696, 1604, 1517, 1476, 1444, 1366, 1313, 1277, 1228, 1182, 1100, 1048, 945, 823, 768, 753, 682.

H ’ 1H-Indole (2l). According to GP4, using the aryl chloride 11 (0.200 mmol, 1.00 equiv.) and

N_ stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude residue was

% purified by flash column chromatography (pentane/Et,O 90:10) to obtain 21 (16.9 mg, 0.144

2| mmol, 72%) as a white solid. *tH NMR (300 MHz, CDCls) 6 8.08 (bs, 1H), 7.79 — 7.69 (m,

1H), 7.49 — 7.39 (m, 1H), 7.35 — 7.15 (m, 3H), 6.67 — 6.59 (m, 1H). *C NMR (76 MHz, CDCls) & 135.8,

127.9, 124.2, 122.0, 120.8, 119.9, 111.1, 102.6. The NMR data were in agreement with those reported in
the literature.[?]

Ethyl-4-(5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-ylidene)

" / _ piperidine-1-carboxylate (2m). According to GP4, using the aryl chloride 1m
| N (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm

2m LED irradiation. The crude residue was purified by flash column chromatography

j\ (pentane/EtOAC 40:60) to obtain 2m (67.6 mg, 0.194 mmol, 97%) as a yellow

o~ 0 sticky solid. 'H NMR (400 MHz, CDCls)  8.41 —8.34 (m, 1H), 7.44 — 7.37 (m,

~ 1H), 7.23 — 7.14 (m, 4H), 7.09 — 7.01 (m, 1H), 4.10 (g, J = 7.3 Hz, 2H), 3.81 (bs,
2H), 3.47 — 3.26 (m, 2H), 3.19 — 3.07 (m, 2H), 2.90 — 2.71 (m, 2H), 2.54 — 2.42 (m, 1H), 2.36 — 2.24 (m,
3H), 1.23 (t, J = 2.3 Hz, 3H). *C NMR (101 MHz, CDCls) § 171.1, 157.4, 155.5, 146.5, 139.3, 137.6,
136.7, 135.3, 133.7, 132.9, 130.6, 128.9, 127.4, 126.0, 122.1, 61.3, 44.9, 44.8, 31.8, 31.5, 30.5, 14.7. The

NMR data were in agreement with those reported in the literature.*!
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Cl H 4-Chloro-1,1'-biphenyl (2n); 1,1'-Biphenyl (2b).

O O According to GP4, using the polyhalogenated aryl halide

O ’ O 1n (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20

H H hours under 10 W 445 nm LED irradiation. The crude

2n 2b residue was analyzed by gas chromatography using
dodecane (0.2 mmol) as an internal standard to detect the products 2n (72%) and 2b (26%).

\O o Methyl 2-(1-benzoyl-5-methoxy-2-methyl-1H-indol-3-yl)acetate (20).
o) According to GP4, using the aryl chloride 10 (0.200 mmol, 1.00 equiv.),
N
4 P1 (0.800 mmol, 4.00 equiv.) and deionized water (8.40 mmol, 42.0 equiv.)
H

and stirring at 20 °C for 68 hours under 10 W 445 nm LED irradiation. The

d crude residue was purified by flash column chromatography (pentane/Et,O

N 80:20) to obtain 20 (31.0 mg, 0.092 mmol, 46%) as a yellow oil. *H NMR

(400 MHz, CDCl3) 6 7.74 — 7.69 (m, 2H), 7.65 — 7.59 (m, 1H), 7.52 — 7.45 (m, 2H), 6.96 (d, J = 2.5 Hz,

1H), 6.87 (d, J = 9.0 Hz, 1H), 6.65 (dd, J = 9.0, 2.6 Hz, 1H), 3.84 (s, 3H), 3.70 (s, 3H), 3.68 (s, 2H), 2.38

(s, 4H).**C NMR (101 MHz, CDCl3) § 171.5, 169.6, 156.0, 136.2, 135.7, 132.9, 131.1, 130.7, 129.8, 128.8,

115.2,112.3, 111.6, 101.2, 55.8, 52.2, 30.3, 13.4. The NMR data were in agreement with those reported in
the literature.

20

2-Phenylpyridine (4a). According to GP4, using the aryl bromide 3a (0.200 mmol, 1.00
N equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude
_— residue was purified by flash column chromatography (pentane/Et,O 90:10—80:20) to
obtain 4a (30.4 mg, 0.196 mmol, 98%) as a colorless liquid. *H NMR (300 MHz, CDCls)
§8.70 (dt, J = 4.9, 1.4 Hz, 1H), 8.05 — 7.95 (m, 2H), 7.78 — 7.68 (m, 2H), 7.54 — 7.37 (m,
3H), 7.26 — 7.16 (m, 1H). 3C NMR (76 MHz, CDCls) § 157.6, 149.7, 139.5, 136.8, 129.0, 128.8, 127.1,
122.2, 120.6. The NMR data were in agreement with those reported in the literature.?®!

4a

2-Fluoro-1,1'-biphenyl (4b). According to GP4, using the aryl bromide 3b (0.200

O mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED

H O . irradiation. The crude residue was purified by flash column chromatography (hexane)
to obtain 4b (21.0 mg, 0.122 mmol, 61%) as a colorless oil. *H NMR (300 MHz,

CDCl3) 5 7.61 —7.54 (m, 2H), 7.51 — 7.29 (m, 5H), 7.26 — 7.12 (m, 2H). 3C NMR (76

MHz, CDCls) 6 161.5, 158.2, 135.9, 130.9 (d, J = 3.5 Hz), 129.1 (d, J = 3.0 Hz), 128.5, 127.8, 124.4 (d, J
= 3.8 Hz), 116.3, 116.0. °F NMR (282 MHz, CDClIs) & -118.06. The NMR data were in agreement with

those reported in the literature.l?”]

4b

S30



H 3-Hexylthiophene (4c). According to GP4, using the aryl bromide 3c (0.200 mmol, 1.00

N \ equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude
residue was purified by flash column chromatography (pentane) to obtain 4c (23.9 mg,

0.142 mmol, 71%) as a colorless liquid. *H NMR (300 MHz, CDCls) § 7.26 — 7.21 (m,

1H), 6.96 — 6.90 (m, 2H), 2.62 (t, 2H), 1.69 — 1.58 (m, 2H), 1.43 — 1.16 (m, 8H), 0.89 (t,

3H).C NMR (76 MHz, CDCls) § 143.4, 128.4, 125.1, 119.8, 31.8, 30.6, 30.4, 29.1, 22.7, 14.2. The NMR

data were in agreement with those reported in the literature.?!

4c

O._ 2-Methoxybenzonitrile (4d). According to GP4, using the aryl bromide 3d (0.200
H/@ mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation.
The crude residue was purified by flash column chromatography (pentane/Et,O 70:30) to

4d obtain 4d (22.1 mg, 0.166 mmol, 83%) as a light-yellow oil. 'H NMR (300 MHz, CDCls)

8 7.60—7.46 (m, 2H), 7.08 —6.92 (m, 2H), 3.92 (s, 3H). **C NMR (76 MHz, CDCls) 6 161.3, 134.5, 133.8,

120.8, 111.3, 101.8, 56.0. The NMR data were in agreement with those reported in the literature.?"!

0 Methyl 2-methoxybenzoate (4e). According to GP4, using the aryl bromide 3e (0.200
do/ mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED
H o~ irradiation. The crude residue was purified by flash column chromatography
(pentane/Et,0 80:20) to obtain 4e (29.2 mg, 0.176 mmol, 88%) as a colorless oil. *H
NMR (300 MHz, CDCls) 6 7.72 (dd, J = 7.9, 1.8 Hz, 1H), 7.45—7.33 (m, 1H), 6.96 —

6.81 (m, 2H), 3.82 (d, J = 4.1 Hz, 6H). 3C NMR (76 MHz, CDCls) § 166.8, 159.1, 133.6, 131.7, 120.2,
112.0, 56.0, 52.1. The NMR data were in agreement with those reported in the literature.%

4e

\’//O N-phenylacetamide (4f). According to GP4, using the aryl bromide 3f (0.200 mmol,

NH  1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The

/©/ crude residue was purified by flash column chromatography (pentane/EtOAc 60:40) to
H obtain 4f (26.8 mg, 0.198 mmol, 99%) as a white solid. 'H NMR (300 MHz, CDCls) &
8.13 (bs, 1H), 7.50 — 7.37 (m, 2H), 7.20 (t, J = 7.2 Hz, 2H), 7.06 — 6.95 (m, 1H), 2.05 (s,

3H). BC NMR (76 MHz, CDCl;) & 169.1, 138.1, 128.9, 124.3, 120.2, 24.4. The NMR data were in

4f

agreement with those reported in the literature.

H 1-Phenylpropan-2-one (4g). According to GP4, using the aryl bromide 3g (0.200 mmol,
1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The

O crude residue was purified by flash column chromatography (pentane/Et,O 90:10) to

4g obtain 4g (19.6 mg, 0.146 mmol, 73%) as a clorless liquid. *H NMR (300 MHz, CDCls)
87.32—-7.17 (m, 3H), 7.16 — 7.10 (m, 2H), 3.62 (s, 2H), 2.08 (s, 3H). *C NMR (76 MHz, CDCls) & 206.6,

S31



134.3, 129.5, 128.8, 127.1, 51.1, 29.4. The NMR data were in agreement with those reported in the

literature.l*2

H Naphthalen-2-ol (4h). According to GP4, using the aryl bromide 3h (0.200 mmol, 1.00
“/OH equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The
OO crude residue was purified by flash column chromatography (pentane/EtOAc 90:10) to

4h obtain 4h (24,5 mg, 0.17 mmol, 85%) as a white solid. 'H NMR (300 MHz, CDCls) &

7.82 —7.74 (m, 2H), 7.73 — 7.65 (m, 1H), 7.44 (dt, J = 6.8, 1.4 Hz, 1H), 7.39 — 7.30 (m, 1H), 7.19 — 7.07
(m, 2H), 4.96 (bs, 1H). *C NMR (76 MHz, CDCls) § 153.3, 134.6, 130.0, 129.0, 127.9, 126.6, 126.5, 123.7,
117.8, 109.6. The NMR data were in agreement with those reported in the literature.

H Triphenylamine (4i). According to GP4, using the aryl bromide 3i (0.200 mmol,

©\ /©/ 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation.
| The crude residue was purified by flash column chromatography (pentane) to obtain

@ 4i (41.2 mg, 0.168 mmol, 84%) as a white solid. *H NMR (400 MHz, CDCls) &
7.18-7.11 (m, 2H), 7.02 - 6.97 (m, 2H), 6.94 — 6.88 (m, 1H). 3C NMR (101 MHz,

CDCl3) 8 147.9, 129.3, 124.2, 122.7. The NMR data were in agreement with those

reported in the literature.3

4i

o~ 3,5-Dimethoxybenzyl benzoate (4j). According to GP4, using the aryl
H:©\/ bromide 3j (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under
o Op 10 W 445 nm LED irradiation. The crude residue was purified by flash
I o) column chromatography (pentane—pentane/Et,O 95:5) to obtain 4j (44.5 mg,
4j 0.163 mmol, 81%) as a brown oil. 'H NMR (300 MHz, CDCls) § 8.15 - 8.05

(m, 2H), 7.63 — 7.51 (m, 1H), 7.51 — 7.39 (m, 2H), 6.60 (d, J = 2.3 Hz, 2H), 6.44 (t, J = 2.3 Hz, 1H), 5.31
(s, 2H), 3.81 (s, 6H). *C NMR (76 MHz, CDCls) 6 166.4, 161.0, 138.4, 133.2, 129.8, 128.5, 106.0, 100.1,
66.6, 55.4. HRMS (ESI) m/z: [M + Na]* Calcd for C16H160sNa 295.0946; found 295.0940. FT-IR (neat):

v(cm™) = 2359, 1717, 1600, 1457, 1431, 1376, 1317, 1266, 1205, 1155, 1110, 1068, 1026, 909, 837, 737,
703, 482.

(o) Nonyl benzoate (4k). According to GP4, using the alkyl bromide 3k (0.200
©)‘\O mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED
H/\/:O irradiation. The crude residue was purified by flash column chromatography

4k (pentane—pentane/Et,O 95:5) to obtain 4k (42.2 mg, 0.170 mmol, 85%) as a

colorless oil. 'H NMR (300 MHz, CDCls)  8.09 — 8.01 (m, 2H), 7.60 — 7.51 (m,
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1H), 7.49 — 7.39 (m, 2H), 4.32 (t, J = 6.7 Hz, 2H), 1.84 — 1.69 (m, 2H), 1.44 — 1.23 (m, 14H), 0.88 (t, 3H).
The NMR data were in agreement with those reported in the literature.

H Adamantane (41). According to GP4, using the alkyl bromide 31 (0.200 mmol, 1.00 equiv.)
@ and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude residue

was analyzed by gas chromatography using dodecane (0.200 mmol) as an internal standard
4 to detect the desired product (80%). Using P7 (0.400 mmol, 2.00 equiv.) as a precursor

instead of P1, a yield of 70% was observed.

H Adamantane (41°). According to GP4, using the alkyl bromide 31" (0.200 mmol, 1.00 equiv.) and
stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude residue was
analyzed by gas chromatography using dodecane (0.200 mmol) as an internal standard to detect
the desired product (83%). Using P7 (0.400 mmol, 2.00 equiv.) as a precursor instead of P1, a

yield of 83% was observed.

H Methyl 2-phenylacetate (2a). According to GP4, using the alkyl bromide 3n (0.200
WO\ mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED
0 irradiation. The crude residue was analyzed by gas chromatography using dodecane

(0.200 mmol) as an internal standard to detect the desired product (61%). Using P7

2a
(0.400 mmol, 2.00 equiv.) as a precursor instead of P1, a yield of 98% was observed.

O F 1-(4-Chlorophenyl)ethyl 2-fluorobenzoate (4m). According to GP4,

OJ\@ using the polyhalogenated arylhalide 3m (0.200 mmol, 1.00 equiv.), P2

cl H (0.800 mmol, 4.00 equiv.), deionized water (8.4 mmol, 42 equiv.) and
stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The
crude residue was purified by flash column chromatography
(pentane/Et,O 95:5) to obtain 40 (39.6 mg, 0.142 mmol, 71%) as a colorless oil. *H NMR (300 MHz,
CDCls) 6 8.02 —7.89 (m, 1H), 7.57 — 7.47 (m, 1H), 7.43 — 7.31 (m, 4H), 7.24 — 7.09 (m, 2H), 6.22 — 6.05
(m, 1H), 1.65 (d, J = 6.6 Hz, 3H).3C NMR (76 MHz, CDCls) § 163.8 (d, J = 8.7 Hz), 160.4, 141.6, 140.2,
134.7 (d, J=9.0 Hz), 133.8, 128.8, 128.6, 127.6, 126.2, 124.1 (d, J = 4.2 Hz), 118.9 (d, J = 9.6 Hz), 117.1
(d, J=22.4 Hz), 72.8, 22.6. °F NMR (282 MHz, CDCls3) § -108.96. HRMS (ESI) m/z: [M + Na]* Calcd

for C15H1,0, CIFNa 301.0402; found 301.0401. FT-IR (neat): v(cm™?) = 3091, 2965, 2940, 1721, 1575,
1530, 1495, 1384, 1305, 1211, 1147, 1084, 1041, 1013, 950, 830, 817, 755, 621.

4m
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O F 1-(4-Chlorophenyl)ethyl 2-fluorobenzoate (4m); 1-Phenylethyl 2-

OJ\©\ fluorobenzoate (4n). According to GP4, using the polyhalogenated

Y x arylhalide 3m (0.200 mmol, 1.00 equiv.), P1 (0.800 mmol, 4.00 equiv.)

4m (Y = CI, X = H) and and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation.

4n (Y = H, X=H) The crude residue was analyzed by gas chromatography using dodecane

(0.200 mmol) as an internal standard to detect the products 4m (59%), 4n (31%) and the starting material
3m (9%).

H 1,1'-biphenyl (2b). According to GP4, using the alkyl bromide 3zz (0.200 mmol, 1.00
O equiv.), P7 (0.400 mmol, 2.00 equiv.) and stirring at 20 °C for 20 hours under 10 W

O 445 nm LED irradiation. The crude residue was analyzed by gas chromatography using
dodecane (0.200 mmol) as an internal standard to detect the desired product (25%).

O/ * 1,2,3-Trimethoxybenzene (6a). According to GP4, using the aryl iodide 5a (0.200

mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED

/O H' irradiation. The crude residue was purified by flash column chromatography

0 (pentane/Et,O 90:10) to obtain 6a (21.5 mg, 0.128 mmol, 64%) as a brown/red oil.

\Ga 'H NMR (300 MHz, CDCl3) & 7.05 — 6.93 (m, 1H), 6.58 (d, J = 8.4 Hz, 2H), 3.86 (s,

6H), 3.85 (s, 3H). *C NMR (76 MHz, CDCls) § 153.6, 138.1, 123.7, 105.2, 60.9, 56.1.

The NMR data were in agreement with those reported in the literature.¢

H 1,2,4,5-Tetramethylbenzene (6b). According to GP4, using the aryl iodide 5b (0.200 mmol,
:@i 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude
residue was analyzed by gas chromatography using dodecane (0.200 mmol) as an internal

standard to detect the desired product 6b (89%). Using P7 (0.400 mmol, 2.00 equiv.) as a

precursor instead of P1, a yield of 82% was observed.

6b

0 Ethyl benzoate (6c¢). According to GP4, using the aryl iodide 5¢ (0.200 mmol, 1.00
/\OJ\©\ equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The
H crude residue was analyzed by gas chromatography using dodecane (0.200 mmol)

as an internal standard to detect the desired product 6¢ (74%). Using P7 (0.400

6¢c
mmol, 2.00 equiv.) as a precursor instead of P1, a yield of 45% was observed.

(Z\/i\H Dodecane (6d). According to GP4, using the alkyl iodide 5d (0.200 mmol, 1.00 equiv.)
and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude

6d residue was analyzed by gas chromatography using tetradecane (0.200 mmol) as an
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internal standard to detect the desired product 6d (70%). Using P7 (0.400 mmol, 2.00 equiv.) as a precursor
instead of P1, a yield of 62% was observed.

H Adamantane (41’). According to GP4, using the alkyl iodide 5e (0.200 mmol, 1.00 equiv.) and
stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude residue was
analyzed by gas chromatography using dodecane (0.200 mmol) as an internal standard to detect
the desired product 41’ (77%). Using P7 (0.400 mmol, 2.00 equiv.) as a precursor instead of P1,

4 a yield of 99% was observed.

1H-indole (2I). According to GP4, using the tosylated

O\S\S/@/ 1 H indole 7a (0.200 mmol, 1.00 equiv.) and stirring at 20 °C
©/\N) - ) for 20 hours under 10 W 445 nm LED irradiation. The
% crude residue was purified by flash column

7a 2 chromatography (pentane/Et,O 90:10) to obtain 21 (23.2

mg, 0.198 mmol, 99%) as a brown/white solid. The NMR data were in agreement with those reported in

the literature.[®

H Diphenylamine (8b). According to GP4, using the tosylated indole 7b (0.200 mmol,
©/ \O 1.00 equiv.), HAT2 (0.04 mmol, 20 mol%), triethylamine (0.3 mmol, 1.5 equiv.) and
stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude residue

8b was purified by flash column chromatography (pentane/CH.Cl, 90:10—80:20) to

obtain 21 (24.6 mg, 0.146 mmol, 73%) as a white solid. *H NMR (300 MHz, CDCl3) & 7.38 — 7.25 (m, 4H),

7.17 - 7.08 (M, 4H), 7.04 — 6.92 (m, 2H), 5.78 (bs, 1H). *C NMR (76 MHz, CDCls) & 143.1, 129.4, 121.1,

117.9. The NMR data were in agreement with those reported in the literature.”

(3aR,4S,7R,7aS)-Hexahydro-1H-4,7-methanoisoindole-1,3(2H)-dione (8c). According
to GP4, using the tosylated amide 7c¢ (0.200 mmol, 1.00 equiv.), HAT2 (0.04 mmol,
20 mol%), triethylamine (0.300 mmol, 1.5 equiv.) and stirring at 20 °C for 20 hours under
10 W 445 nm LED irradiation. The crude residue was purified by flash column
chromatography (pentane/EtOAc 50:50) to obtain 8c (30.4 mg, 0.184 mmol, 92%) as a
white solid. *H NMR (300 MHz, CDCls) 5 8.53 (s, 1H), 2.73 — 2.67 (m, 2H), 2.65 (s, 2H), 1.72 — 1.59 (m,
2H), 1.38 - 1.21 (m, 4H). 3C NMR (76 MHz, CDCls) § 179.6, 50.2, 39.7, 33.4, 28.0. The NMR data were

in agreement with those reported in the literature. 8l
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Methyl (R)-5-oxopyrrolidine-2-carboxylate (8d). According to GP4, using the tosylated
3 amide 7d (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm
Cz"' LED irradiation. The crude residue was purified by flash column chromatography

o (pentane/acetone 60:40—50:50) to obtain 8d (18.2 mg, 0.128 mmol, 64%) as a colorless oil.

&d 'H NMR (300 MHz, CDCls) § 7.32 (bs, 1H), 4.31 — 4.17 (m, 1H), 3.79 — 3.58 (m, 3H), 3.50
—3.34 (m, 1H), 2.55 — 2.06 (m, 5H). 3C NMR (76 MHz, CDCls) & 178.6, 172.7, 55.6, 52.6, 29.4, 24.8.

The NMR data were in agreement with those reported in the literature.%

\
0P

H 2-Methyl-1H-benzo[d]imidazole (8e). According to GP4, using the tosylated
©: />— benzoimidazole 7e (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10
W 445 nm LED irradiation. The crude residue was purified by flash column

8¢ chromatography (pentane/acetone 40:60—30:70) to obtain 8e (24.4 mg, 0.184 mmol,
92%) as a white solid. 'H NMR (300 MHz, Acetone-ds) & 7.53 — 7.46 (m, 2H), 7.17 — 7.09 (m, 2H), 2.57
(s, 3H). *C NMR (76 MHz, Acetone-ds) & 152.3, 122.3, 115.4, 15.1. The NMR data were in agreement

with those reported in the literature."!

N-Ethylnaphthalen-1-amine (8f). According to GP4, using the tosylated amine 7f (0.200

NH  mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation.

The crude residue was purified by flash column chromatography (pentane/CH,Cl, 75:25) to
obtain 8f (17.5 mg, 0.102 mmol, 51%) as a yellow oil. *H NMR (300 MHz, CDCl3) § 7.94 —

8f 7.83 (m, 2H), 7.60 — 7.41 (m, 3H), 7.38 — 7.31 (m, 1H), 6.70 (d, J = 7.5 Hz, 1H), 4.29 (s,
1H), 3.38 (q, J = 7.1 Hz, 2H), 1.48 (3, 3H). *C NMR (76 MHz, CDCls) & 143.6, 134.4, 128.7, 126.7, 125.7,

124.7,123.4,119.9, 117.2, 104.3, 38.7, 14.8. The NMR data were in agreement with those reported in the

literature.*1

0 Milrinone (8g). According to GP4, using the tosylated amide 7g (0.200 mmol, 1.00

NC NH equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation. The crude
| % residue was purified by flash column chromatography (pentane/acetone 30:70—20:80)
SR:L to obtain 8g (38.4 mg, 0.182 mmol, 91%) as a light brown solid. *H NMR (400 MHz,

| 7 DMSO-ds) 6 12.83 (bs, 1H), 8.64 —8.58 (m, 2H), 8.17 (s, 1H), 7.45 — 7.39 (m, 2H), 2.32

(s, 3H). *C NMR (101 MHz, DMSO-dg) & 160.0, 151.6, 149.8, 149.6, 143.7, 124.1,
116.3, 115.8, 100.4, 18.3. The NMR data were in agreement with those reported in the literature.®?
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0 (R)-4-benzyloxazolidin-2-one (8h). According to GP4, using the tosylated amide 7h (0.200
O//< mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED irradiation.

|\/NH

@ obtain 8h (27.8 mg, 0.156 mmol, 78%) as a colorless oil. *H NMR (300 MHz, CDCl;) 6 7.41
8h

The crude residue was purified by flash column chromatography (pentane/acetone 60:40) to

—7.26 (M, 3H), 7.24 — 7.17 (m, 2H), 5.80 (bs, 1H), 4.47 (t, 1H), 4.23 — 4.04 (m, 2H), 2.99 —
2.81 (m, 2H). ®C NMR (76 MHz, CDCls) § 159.4, 135.9, 129.0, 127.2, 69.6, 53.8, 41.4. The NMR data

were in agreement with those reported in the literature.!

o) Ethyl-2,4-dimethyl-1H-pyrrole-3-carboxylate (8i). According to GP4, using the
IV o~ >\ tosylated pyrrole 7i (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under
10 W 445 nm LED irradiation. The crude residue was purified by flash column

8i chromatography (pentane/EtOAc 80:20) to obtain a mixture of 8i (0.160 mmol, 80%)
and P10 (0.039 mmol) as a yellow oil. *H NMR (300 MHz, CDCls) & 8.79 (bs, 1H), 6.29 (s, 1H), 4.26 (q,
J =7.1 Hz, 2H), 2.43 (s, 3H), 2.23 (d, J = 1.1 Hz, 3H), 1.34 (t, J = 7.1 Hz, 3H). The NMR data were in

agreement with those reported in the literature.

NH (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours under 10 W 445 nm LED

N=N irradiation. The crude residue was purified by flash column chromatography

8 (pentane/acetone 70:30) to obtain 8j (22.5 mg, 0.188 mmol, 94%) as a light brown solid. *H

NMR (300 MHz, CDCl3) 6 8.02 —7.90 (m, 2H), 7.53 - 7.38 (m, 2H). **C NMR (76 MHz, CDCls)  138.95,
126.31, 115.13. The NMR data were in agreement with those reported in the literature.*

Q\ 1H-benzo[d][1,2,3]triazole (8)). According to GP4, using the tosylated benzotriazole 7j

F 1H-Indole (2l). According to GP4, using the tosylated
o /@ H benzotriazole 7k (0.200 mmol, 1.00 equiv.) and stirring at 20 °C
N ©/\/) for 20 hours under 10 W 445 nm LED irradiation. The crude

N F
@) residue was purified by flash column chromatography

(pentane/EtOAc 90:10) to obtain 2l (20.4 mg, 0.174 mmol, 87%)

as a brown oil. The NMR data were in agreement with those

o

\

~n

7k 2]

reported in the literature.?

O N-Methylbenzamide (10a). According to GP4, using the Weinreb-amide 9a (0.200

©)J\N/ mmol, 1.00 equiv.) and stirring at 20 °C for 68 hours under 10 W 445 nm LED irradiation.
The crude residue was purified by flash column chromatography (pentane/EtOAc 50:50)

10a to obtain 10a (25.6 mg, 0.190 mmol, 95%) as a light yellow/white solid. 'H NMR (300
MHz, CDCls) & 7.81 — 7.69 (m, 2H), 7.50 — 7.42 (m, 1H), 7.41 — 7.33 (m, 2H), 6.66 (bs, 1H), 2.96 (d, J =
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4.8 Hz, 3H). ®C NMR (76 MHz, CDCls) § 168.4, 134.6, 131.3, 126.9, 26.9. The NMR data were in
agreement with those reported in the literature.”!

0 N,4-Dimethylbenzamide (10b). According to GP4, using the Weinreb-amide 9b

N~ (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 68 hours under 10 W 445 nm LED

: irradiation. The crude residue was purified by flash column chromatography

10b (pentane/EtOACc 50:50) to obtain 10b (29.5 mg, 0.198 mmol, 99%) as a white solid. *H

NMR (400 MHz, CDCls) 6 7.69 — 7.62 (m, 2H), 7.22 — 7.15 (m, 2H), 6.43 (bs, 1H), 2.96 (d, J = 0.7 Hz,

3H), 2.36 (s, 3H). °C NMR (101 MHz, CDCls) § 168.3, 141.7, 131.8, 129.2, 126.9, 26.8, 21.5. The NMR
data were in agreement with those reported in the literature.[”!

0 4-Methoxy-N-methylbenzamide (10c). According to GP4, using the Weinreb-
@N/ amide 9c¢ (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 68 hours under 10 W
~o : 445 nm LED irradiation. The crude residue was purified by flash column
10¢c chromatography (pentane/EtOAc 40:60—20:80—EtOAC) to obtain 10c (31.7 mg,

0.192 mmol, 96%) as a white solid. *H NMR (300 MHz, CDCl3) & 7.79 — 7.66 (m, 2H), 6.95 — 6.82 (m,
2H), 6.34 (bs, 1H), 3.82 (s, 3H), 2.96 (d, J = 4.9 Hz, 3H). *C NMR (76 MHz, CDCls) § 167.9, 162.1, 128.8,
127.0, 113.8, 55.48, 26.9. The NMR data were in agreement with those reported in the literature.l’]

0 N-Methyl-4-(trifluoromethoxy)benzamide (10d). According to GP4, using the
/©)J\N/ Weinreb-amide 9d (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20 hours
F3C\o : under 10 W 445 nm LED irradiation. The crude residue was purified by flash
10d column chromatography (pentane/EtOAc 60:40) to obtain 10d (40.3 mg, 0.184

mmol, 92%) as a white solid. *H NMR (300 MHz, CDCls) § 7.86 — 7.73 (m, 2H), 7.29 — 7.16 (m, 2H), 6.60
(bs, 1H), 2.98 (d, J = 4.8 Hz, 3H). *C NMR (76 MHz, CDCl5) & 167.2, 151.4, 133.1, 128.8, 120.6, 120.4
(d, J=258.4 Hz), 27.0.F NMR (282 MHz, CDCls) 6 -57.78. The NMR data were in agreement with those

reported in the literature.

0 3,4-Dimethoxy-N-methylbenzamide (10e). According to GP4, using the
MGOD)J\N/ Weinreb-amide 9e (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 68 hours
MeO 4 under 10 W 445 nm LED irradiation. The crude residue was purified by flash

10e column chromatography (pentane/acetone 40:60) to obtain 10e (36.2 mg, 0.186

mmol, 93%) as a light orange/white solid. *H NMR (300 MHz, CDCls) 6 7.35 (d, J = 2.1 Hz, 1H), 7.24
(dd, J = 8.4, 2.1 Hz, 1H), 6.75 (d, J = 8.3 Hz, 1H), 6.56 (bs, 1H), 3.81 (d, J = 4.7 Hz, 6H), 2.89 (d, J = 4.8
Hz, 3H). *C NMR (76 MHz, CDCls) 6 167.9, 151.5, 148.8, 127.2,119.4, 110.2, 55.9, 55.9, 26.8. The NMR

data were in agreement with those reported in the literature.[*’]
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o] N-Methyl-1H-indole-2-carboxamide (10f). According to GP4, using the Weinreb-

S N~ amide 9f (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 68 hours under 10 W 445

NH o nm LED irradiation. The crude residue was purified by flash column chromatography
(pentane/acetone 50:50) to obtain 10f (32.3 mg, 0.186 mmol, 93%) as a light yellow

solid. *H NMR (300 MHz, Acetone-ds) 5 11.06 (bs, 1H), 7.87 (bs, 1H), 7.64 — 7.54

(m, 2H), 7.26 — 7.17 (m, 1H), 7.10 — 7.01 (m, 2H), 2.96 (d, J = 4.7 Hz, 3H). *C NMR (76 MHz, Acetone-
ds) 6 206.3, 162.9, 137.7, 132.7, 128.8, 124.4, 122.4, 120.8, 113.1, 102.6, 26.3. The NMR data were in

agreement with those reported in the literature.[’!

10f
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4.2 Synthesis and characterization of products 11

©/CI/Br
R
=

1,3
R* R H
0,
or . /\R“ PC1 (2.5 mol%), P1 (2.0 eq.) R—: X o Rék/k
CH5CN (0.10 M), H,0 (21 eq.) = H R! R*

R3 10 W 445 nm, 20 °C, 24-68 h
R 1
R" “Br

3

General procedure (GP5) for the Giese-type reactions: To an oven dried Schlenk tube with a magnetic
stirring bar, PC1 (0.005 mmol, 2.5 mol%), P1 (0.400 mmol, 2.00 equiv.), CH3CN (2.00 mL, 0.01 M) and
deionized water (75 L, 4.20 mmol, 21 equiv.) were added under argon atmosphere using standard Schlenk
techniques at ambient temperature. Next, ethyl acrylate (0.800 mmol, 4.00 equiv.) and aryl- or alkyl halide
1,3 (0.200 mmol, 1.00 equiv.) were added under argon counterflow. The tube was sealed, placed in the
photoreactor and irradiated with a 10 W 445 nm LED at 20 °C using the standard set-up. After completion
of the reaction (20 hours), the irradiation was stopped, and volatiles were removed under reduced pressure.
The crude residue was purified by flash chromatography on silica gel (as detailed in individual entry) to
obtain the desired product 11.

0 Ethyl-3-(tetrahydro-2H-pyran-4-yl)propanoate (11a). According to GP5,
Q/\)J\o/\ using the alkyl bromide 3p (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for
o 48 hours under 10 W 445 nm LED irradiation. The crude residue was purified by
11a flash column chromatography (pentane/Et,O 90:10—85:15) to obtain 11a (24.1

mg, 0.130 mmol, 65%) as a light-yellow oil. 'H NMR (300 MHz, CDCls) & 4.14 (q, J = 7.1 Hz, 2H), 3.96
(dd,J=11.7,1.1 Hz, 2H), 3.37 (td, J = 11.7, 2.0 Hz, 2H), 2.33 (t, 2H), 1.68 — 1.41 (m, 5H), 1.32 — 1.22 (m,
5H). *C NMR (76 MHz, CDCls) 6 173.8, 68.0, 60.4, 34.5, 32.8, 31.9, 31.4, 14.3. HRMS (ESI) m/z: [M +
Na]* Calcd for C1oH1s03Na 209.1148; found 209.1147. FT-IR (neat): v(cm™) = 2924, 2842, 2350, 2309,
1974, 1869, 1844, 1829, 1793, 1771, 1733, 1699, 1684, 1670, 1653, 1635, 1616, 1576, 1558, 1541, 1521,
1507, 1497, 1489, 1472, 1457, 1437, 1419, 1387, 1373, 1301, 1257, 1235, 1177, 1137, 1116, 1092, 1020,
981, 843, 648.
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o] Ethyl-3-(oxetan-3-yl)propanoate (11b). According to GP5, using the alkyl
/T\)J\o/\ bromide 3q (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 48 hours under 10
© W 445 nm LED irradiation. The crude residue was purified by flash column

11b chromatography (pentane/Et;O 90:10—85:15) to obtain 11b (27.5 mg, 0.174
mmol, 87%) as a colorless oil. Using P7 (0.400 mmol, 2.00 equiv.) as a precursor instead of P1 and 72
hours of reaction time, analysis of the crude residue by gas chromatography revealed an unsuccessful
reaction. tH NMR (300 MHz, CDCls) & 4.75 (dd, J = 7.8, 6.0 Hz, 2H), 4.35 (t, J = 6.1 Hz, 2H), 4.10 (9, J
=7.1 Hz, 2H), 3.08 — 2.88 (m, 1H), 2.21 (t, J = 0.8 Hz, 2H), 2.06 — 1.92 (m, 2H), 1.23 (t, J = 7.2 Hz, 3H).
13C NMR (76 MHz, CDCls) 6 173.0, 77.2, 60.5, 34.6, 31.8, 28.8, 14.2. HRMS (ESI) m/z: [M + Na]* Calcd
for CsH1403Na 181.0835; found 181.0835. FT-IR (neat): v(cm™?) = 2930, 2867, 2349, 1967, 1869, 1845,
1829, 1793, 1771, 1733, 1700, 1684, 1670, 1653, 1635, 1616, 1576, 1558, 1541, 1521, 1507, 1497, 1489,
1473, 1457, 1437, 1418, 1395, 1373, 1181, 1096, 1034, 978, 851, 671, 660, 458.

O Ethyl-3-(4-(2-methoxy-2-oxoethyl)phenyl)propanoate (11c).
\//‘O\/@\)J\O/\ According to GP5, using the aryl chloride 1a (0.200 mmol, 1.00 equiv.)
o and stirring at 20 °C for 48 hours under 10 W 445 nm LED irradiation.
1ec The crude residue was purified by flash column chromatography

(pentane/Et,O 85:15—80:20—75:25) to obtain 11c (37.8 mg, 0.136 mmol, 68%) as a colorless oil. *H
NMR (300 MHz, CDCls)  7.23 — 7.13 (m, 4H), 4.12 (q, J = 7.2 Hz, 2H), 3.68 (s, 3H), 3.59 (s, 2H), 2.93
(t, J = 7.8 Hz, 2H), 2.66 — 2.54 (m, 2H), 1.23 (t, J = 7.1 Hz, 3H). 3C NMR (76 MHz, CDCls) & 172.9,
172.2,139.5, 131.9, 129.4, 128.6, 60.5, 52.1, 40.8, 35.9, 30.6, 14.2. HRMS (ESI) m/z: [M + Na]* Calcd for
Ci14H1504Na 273.1097; found 273.1096. FT-IR (neat): v(cm™) = 2953, 2349, 2309, 2160, 2017, 1869, 1844,
1829, 1793, 1771, 1732, 1700, 1685, 1670, 1653, 1635, 1616, 1576, 1558, 1541, 1518, 1507, 1497, 1489,
1473, 1457, 1436, 1419, 1395, 1373, 1339, 1254, 1152, 1038, 1015, 895, 848, 810, 734, 618, 458.

0 Ethyl-7-fluoroheptanoate (11d). According to GP5, using the alkyl
F/\/\/\)J\o/\ bromide 3r (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 68 hours
1d under 10 W 445 nm LED irradiation. The crude residue was purified by

flash column chromatography (pentane—pentane/Et,O 95:5) to obtain 11d (19.9 mg, 0.112 mmol, 56%) as
a colorless oil. *H NMR (300 MHz, CDCls) 6 4.51 (t, J = 6.1 Hz, 1H), 4.36 (t, J = 6.1 Hz, 1H), 4.12 (q, J
= 7.1 Hz, 2H), 2.30 (t, J = 7.5 Hz, 2H), 1.83 — 1.60 (m, 4H), 1.48 — 1.34 (m, 4H), 1.25 (t, J = 7.1 Hz, 3H).
3C NMR (76 MHz, CDCls) 6 173.89, 84.21 (d, J = 164.1 Hz), 60.38, 34.36, 30.34 (d, J = 19.6 Hz), 28.85,
25.02 (d, J =5.4 Hz), 24.94, 14.39. *F NMR (282 MHz, CDCls) § -218.28. HRMS (ESI) m/z: [M + Na]*
Calcd for C19H1702FNa 199.1105; found 199.1105. FT-IR (neat): v(cm™) = 3054, 2926, 2854, 1727, 1592,
1421, 1264, 1034, 968, 896, 735, 704.
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AN Ethyl-3-(6-cyanopyridin-2-yl)propanoate (11e). According to GP5, using
NG~ N7 O._~ the aryl bromide 3s (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 20
o) hours under 10 W 445 nm LED irradiation. The crude residue was purified

11e by flash column chromatography (pentane/EtOAc 80:20) to obtain 11e (21.7
mg, 0.106 mmol, 53%) as a colorless liquid. *H NMR (300 MHz, CDCls) 8 7.73 (t, J = 7.8 Hz, 1H), 7.57
—7.48 (m, 1H), 7.47 — 7.38 (m, 1H), 4.12 (g, J = 7.1 Hz, 2H), 3.15 (t, J = 7.1 Hz, 2H), 2.82 (t, J = 7.1 Hz,
2H), 1.23 (t, J = 7.1 Hz, 3H). *C NMR (76 MHz, CDCls) § 172.8, 162.4, 137.2, 133.4, 126.3, 117.4, 60.7,
32.6, 14.3. HRMS (ESI) m/z: [M + Na]* Calcd for C11H12N20O2Na 227.0791; found 227.0791. FT-IR (neat):
v(cm?) = 2918, 2350, 2309, 2037, 1869, 1845, 1829, 1793, 1771, 1733, 1717, 1699, 1984, 1670, 1653,
1635, 1616, 1589, 1576, 1558, 1541, 1521, 1507, 1497, 1489, 1473, 1456, 1437, 1419, 1396, 1374, 1267,

1192, 1091, 1039, 855, 803, 736, 671, 458.

<\o 0 Ethyl-4-(1,3-dioxolan-2-yl)butanoate (11f). According to GP5, using the
o)\/\)J\o/\ alkyl bromide 3t (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 68 hours
11§ under 10 W 445 nm LED irradiation. The crude residue was purified by flash

column chromatography (pentane/Et,O 75:25) to obtain 11f (21.0 mg, 0.112
mmol, 56%) as a colorless oil. *H NMR (300 MHz, CDCls) 6 4.85 (t, 1H), 4.11 (q, J = 0.9 Hz, 2H), 4.00 —
3.80 (m, 4H), 2.40 — 2.29 (m, 2H), 1.82 — 1.62 (m, 4H), 1.24 (t, J = 0.8 Hz, 3H).*C NMR (101 MHz,
CDCl3) 6 173.5,104.3, 60.4, 34.2,33.22, 19.6, 14.4. The NMR data were in agreement with those reported

in the literature. €

Ethyl-3-cycloheptylpropanoate (11g). According to GP5, using the alkyl

O._~ bromide 3u (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 24 hours under

o} 10 W 445 nm LED irradiation. The crude residue was purified by flash column

11g chromatography (pentane/Et,O 97:3) to obtain 11g (40.5 mg, 0.172 mmol, 86%)

as a colorless liquid. *H NMR (300 MHz, CDCls) 6 4.10 (q, J = 7.1 Hz, 2H), 2.26 (t, 2H), 1.78 — 1.29 (m,

13H), 1.23 (t, J = 7.1 Hz, 3H), 1.19 — 1.08 (m, 2H). *C NMR (76 MHz, CDCls) & 174.2, 60.2, 38.9, 34.3,
32.6, 28.5, 26.4, 14.3. The NMR data were in agreement with those reported in the literature.?"

O Ethyl-3-(naphthalen-1-yl)propanoate (11h). According to GP5, using the
O._~ aryl chloride 1e (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 24 hours
O (o) under 10 W 445 nm LED irradiation. The crude residue was purified by flash

column chromatography (pentane—pentane/Et,O 90:10) to obtain 11h (35.6
mg, 0.156 mmol, 78%) as a yellowish liquid. *H NMR (300 MHz, CDCls) &
8.10 — 8.00 (m, 1H), 7.92 — 7.83 (m, 1H), 7.77 — 7.71 (m, 1H), 7.59 — 7.46 (m, 2H), 7.45 — 7.34 (m, 2H),
417 (q, J = 7.1 Hz, 2H), 3.44 (t, 2H), 2.83 — 2.67 (m, 2H), 1.26 (t, J = 7.1 Hz, 3H). *C NMR (76 MHz,

11h
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CDCl3) 6173.1, 136.7, 134.0, 131.7, 129.0, 127.2, 126.1, 126.0, 125.7, 125.6, 123.5, 60.6, 35.4, 28.2, 14.3.
The NMR data were in agreement with those reported in the literature.

CN 0 Ethyl-3-(2-cyanophenyl)propanoate (11i). According to GP5, using the aryl
WO/\ bromide 3v (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 24 hours under 10
W 445 nm LED irradiation. The crude residue was purified by flash column

i chromatography (pentane/Et,O 80:20) to obtain 11i (31.9 mg, 0.158 mmol, 79%)

as a colorless oil. 'H NMR (300 MHz, CDCls) & 7.54 (d, 1H), 7.50 — 7.41 (m, 1H), 7.37 — 7.19 (m, 2H),
4.05 (q, J = 7.2 Hz, 2H), 3.10 (t, J = 7.6 Hz, 2H), 2.64 (t, = 7.6 Hz, 2H), 1.16 (t, 3H). *C NMR (76 MHz,
CDCl3) 6 172.0, 144.4,132.9, 129.7, 127.0, 117.8, 60.7, 34.7, 29.5, 14.3. The NMR data were in agreement
with those reported in the literature.

0 4-((Tetrahydrofuran-2-yl)methyl)tetrahydro-2H-pyran-2-one (11j). According to

w GP5, using the alkyl bromide 3w (0.200 mmol, 1.00 equiv.), 5,6-dihydro-2H-pyran-2-
o) one (0.800 mmol, 4.00 equiv.) and stirring at 20 °C for 68 hours under 10 W 445 nm
11] LED irradiation. The crude residue was purified by flash column chromatography

(EtOAC) to obtain 11j (20.7 mg, 0.112 mmol, 56%) as a yellow oil. *H NMR (300 MHz, CDsCN) & 4.45 —
4.32 (m, 1H), 4.31 - 4.17 (m, 1H), 3.95 - 3.74 (m, 2H), 3.65 (q, J = 6.5 Hz, 1H), 2.73 — 2.55 (m, 1H), 2.28
—2.08 (m, 3H), 2.08 — 1.93 (m, 2H), 1.93 — 1.78 (m, 2H), 1.70 — 1.34 (m, 3H). °C NMR (126 MHz,
CDsCN) 6 171.7,77.3,69.2, 68.0, 42.6, 37.4, 37.0, 32.4, 30.1, 29.8, 29.3, 26.1. HRMS (ESI) m/z: [M + Na]*
Calcd for CyoH1603Na 207.0992; found 207.0990. FT-IR (neat): v(cm™) = 2951, 2350, 2309, 1989, 1869,
1845, 1829, 1793, 1771, 1734, 1717, 1699, 1684, 1670, 1653, 1616, 1576, 1558, 1541, 1521, 1507, 1497,
1489, 1473, 1457, 1437, 1418, 1396, 1374, 1266, 1226, 1064, 966, 846, 735, 670, 458.

0 4-Phenethyltetrahydro-2H-pyran (11k). According to GP5, using the alkyl
bromide 3g (0.200 mmol, 1.00 equiv.), styrene (0.800 mmol, 4.00 equiv.) and
stirring at 20 °C for 68 hours under 10 W 445 nm LED irradiation. The crude

Tk residue was purified by flash column chromatography (pentane/Et,O 90:10) to

obtain 11k (22.6 mg, 0.118 mmol, 59%) as a colorless oil. 'H NMR (300 MHz, CDCls) § 7.27 — 7.16 (m,

2H), 7.16 — 7.06 (m, 3H), 3.89 (dd, J = 11.7, 1.1 Hz, 2H), 3.29 (td, J = 11.7, 2.1 Hz, 2H), 2.64 — 2.51 (m,

2H), 1.63 — 1.38 (m, 5H), 1.34 — 1.09 (m, 3H). *C NMR (76 MHz, CDCls) & 142.6, 128.4, 125.8, 68.2,

38.8, 34.6, 33.2, 32.8. The NMR data were in agreement with those reported in the literature.?
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0 Ethyl 4-methylundecanoate (11l). According to GP5, using the alkyl
C/Y\)J\O/\ bromide 3x (0.200 mmol, 1.00 equiv.) and stirring at 20 °C for 24 hours
under 10 W 445 nm LED irradiation. The crude residue was purified by

flash column chromatography (pentane/Et.O) to obtain 111 (41.8 mg, 0.184
mmol, 92%) as a colorless liquid. *H NMR (300 MHz, CDCls) § 4.11 (q, J
=7.1Hz, 2H), 2.37 - 2.19 (m, 2H), 1.75 - 1.57 (m, 1H), 1.52 — 1.34 (m, 2H), 1.34 — 1.12 (m, 13H), 0.92 —
0.78 (m, 6H). **C NMR (76 MHz, CDCls) 6 174.2, 60.2, 36.7, 32.5, 32.3, 32.0, 30.0, 29.4, 27.0, 22.8, 19.4,
14.3, 14.2. HRMS (ESI) m/z: [M + Na]* Calcd for C14H2s0,Na 251.1982; found 251.1982. FT-IR (neat):
v(cm™) = 2924, 2853, 2350, 2309, 2027, 1869, 1845, 1829, 1793, 1771, 1734, 1717, 1699, 1684, 1670,

1653, 1635, 1616, 1576, 1558, 1541, 1521, 1507, 1497, 1489, 1472, 1457, 1437, 1418, 1396, 1375, 1339,
1267, 1181, 1114, 1037, 737, 672, 660, 472.

11

o S Methyl  4-(3-ethoxy-3-oxopropyl)thiophene-2-carboxylate  (11m).
/WOM According to GP5, using the aryl bromide 3y (0.200 mmol, 1.00 equiv.)
o and stirring at 20 °C for 24 hours under 10 W 445 nm LED irradiation.

1Mm The crude residue was purified by flash column chromatography

(pentane/EtOACc 90:10) to obtain 11m (22.3 mg, 0.092 mmol, 46%) as a colorless oil. *H NMR (300 MHz,
CDCls) § 7.63 (d, J = 1.6 Hz, 1H), 7.23 — 7.18 (m, 1H), 4.12 (q, J = 7.1 Hz, 2H), 3.86 (s, 3H), 2.93 (t, J =
7.5 Hz, 2H), 2.60 (t, J = 7.6 Hz, 2H), 1.26 — 1.18 (m, 3H). 3C NMR (76 MHz, CDCls) § 172.5, 162.7,
141.8, 134.2, 133.6, 128.2, 60.6, 52.2, 25.5, 14.3. HRMS (ESI) m/z: [M + Na]* Calcd for C11H1404SNa
265.0505; found 265.0504. FT-IR (neat): v(cm™?) = 2930, 2349, 2309, 2017, 1869, 1845, 1829, 1793, 1771,
1733, 1717, 1700, 1684, 1670, 1653, 1616, 1576, 1558, 1541, 1521, 1507, 1497, 1489, 1473, 1457, 1446,
1437, 1419, 1395, 1374, 1256, 1185, 1077, 1034, 977, 853, 736, 670, 458.

0 Methyl 4-(3-ethoxy-3-oxopropyl)benzoate (11n). According to GP5,

o~ ™ using the aryl chloride 1p (0.200 mmol, 1.00 equiv.) and stirring at 20 °C

_0 for 24 hours under 10 W 445 nm LED irradiation. The crude residue was

O purified by flash column chromatography (pentane/Et,O 85:15) to obtain

1n 11n (35.2 mg, 0.148 mmol, 74%) as a colorless oil. *H NMR (599 MHz,

CDCls) 6 7.94 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 4.10 (q, 2H), 3.88 (s, 3H), 2.98 (t, J = 7.7 Hz,

2H), 2.62 (t, J = 7.7 Hz, 2H), 1.21 (t, J = 7.2 Hz, 3H). 3C NMR (151 MHz, CDCls) & 167.1, 146.1, 129.7,
128.2, 60.6, 31.0, 14.3. The NMR data were in agreement with those reported in the literature.®
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O Ethyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-
/@/\)J\O/\ propanoate (110). According to GP5, using the aryl chloride 1i (0.200

O\B mmol, 1.00 equiv.) and stirring at 20 °C for 68 hours under 10 W 445
%ro' nm LED irradiation. The crude residue was purified by flash column
1o chromatography (pentane/Et,O 90:10) to obtain 110 (32.5 mg, 0.106

mmol, 53%) as a colorless oil. 'H NMR (400 MHz, CDCl3)  7.73 (d, J = 7.8 Hz, 2H), 7.21 (d, J = 7.7 Hz,
2H), 4.12 (q, J = 7.1 Hz, 2H), 2.96 (t, J = 7.8 Hz, 2H), 2.61 (t, 2H), 1.33 (s, 12H), 1.23 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 172.9, 144.1, 135.2, 127.9, 83.8, 60.6, 35.9, 313, 24.9, 14.3. 'B NMR (128
MHz, CDCl3) & 30.90. The NMR data were in agreement with those reported in the literature.>

0 Ethyl 3-(3,5-dimethoxyphenyl)propanoate (11p). According to GP5,
O o~ ™ using the aryl chloride 1p (0.200 mmol, 1.00 equiv.), P1 (0.800 mmol, 4.00
equiv.) and stirring at 20 °C for 68 hours under 10 W 445 nm LED
irradiation. The crude residue was purified by flash column chromatography

11p
2N

(pentane/EtOAc 90:10) to obtain 11p (44.8 mg, 0.188 mmol, 94%) as colorless crystals. *H NMR (599
MHz, CDCls) 6 6.36 — 6.35 (m, 2H), 6.31 (t, J = 2.3 Hz, 1H), 4.13 (g, 2H), 3.77 (s, 6H), 2.91 — 2.86 (m,
2H), 2.62 — 2.58 (m, 2H), 1.27 — 1.23 (m, 3H). *C NMR (76 MHz, CDCls) § 188.2, 160.6, 106.4, 98.3,
60.5, 55.3, 35.9, 31.3, 14.3. The NMR data were in agreement with those reported in the literature.!

o o) 3-Isopropyl-2,3-dihydrobenzofuran (11q). According to
@ W( . GP4, using the alkyl bromide 30 (0.200 mmol, 1.00 equiv.),
Br P1 (0.800 mmol, 4.00 equiv.) and stirring at 20 °C for 68

hours under 10 W 445 nm LED irradiation. The crude

residue was purified by flash column chromatography

(pentane—pentane/CHCl; 70:30) to obtain 110 (23.4 mg, 0.144 mmol, 70%) as a colorless liquid. *H NMR
(300 MHz, CDCl3) & 7.24 — 7.08 (m, 2H), 6.94 — 6.74 (m, 2H), 4.53 (t, J = 9.1 Hz, 1H), 4.44 — 4.33 (m,
1H), 3.40 - 3.27 (m, 1H), 2.08 — 1.87 (m, 1H), 0.97 (d, J = 6.9 Hz, 3H), 0.89 (d, J = 6.8 Hz, 3H). 3C NMR
(76 MHz, CDCls) 6 160.5, 129.5, 128.2, 125.2, 120.1, 109.4, 73.9, 48.2, 31.8, 19.9, 18.5. The NMR data

were in agreement with those reported in the literature.!

30 11q

O O O O Dimethyl-3-isopropylcyclopentane-1,1-dicarboxylate

~0 o~ L ~o0 o~ (11r). According to GP4, using the alkyl bromide 3z (0.200
p mmol, 1.00 equiv.) and stirring at 20 °C for 68 hours under

32 Br Mr 10 W 445 nm LED irradiation. The crude residue was

purified by flash column chromatography (pentane/Et,O
90:10) to obtain 110 (39.8 mg, 0.174 mmol, 87%) as a colorless liquid. *H NMR (400 MHz, CDCls) § 3.71
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(d, J =25 Hz, 6H), 2.47 — 2.39 (m, 1H), 2.32 — 2.23 (m, 1H), 2.18 — 2.07 (m, 1H), 1.92 — 1.80 (m, 1H),
1.79 - 1.70 (m, 1H), 1.69 — 1.62 (m, 1H), 1.47 — 1.36 (m, 1H), 1.33 — 1.19 (m, 1H), 0.88 (t, J = 6.7 Hz,
6H). *°C NMR (101 MHz, CDCls) § 173.4, 60.1, 52.7, 52.7, 47.4, 39.4, 34.2, 33.3, 30.4, 21.6, 21.5. The
NMR data were in agreement with those reported in the literature.
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5. Mechanistic Investigations

5.1 Reaction pathways of BrettPhos P1

{ (1

PC1 (2.5 mol%) (I?
Cy/P OMe Cy’}:

oy Q CH3CN (0.10 M), H,0 (21 equiv.) Cy Q oMe
- 10 W 445 nm, 20 °C, 18 h MeO
P1 P10

Photocatalytic Oxidation of BrettPhos P1: To an oven dried Schlenk tube with a magnetic stirring bar,
PC1 (0.005 mmol, 2.5 mol%), P1 (0.400 mmol, 2.00 equiv.), CHsCN (2.00 mL, 0.01 M) and deionized
water (75 L, 4.20 mmol, 21 equiv.) were added under argon atmosphere using standard Schlenk
techniques at ambient temperature. The tube was sealed, placed in the photoreactor and irradiated with a
10 W 445 nm LED at 20 °C using the standard set-up. After completion of the reaction (19 hours), the
irradiation was stopped, and volatiles were removed under reduced pressure. The crude residue was

dissolved in CDCls and a crude 3P NMR has been measured.
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Table S7: Results of the photocatalytic oxidation of BrettPhos P1.
Product Share / %
P1 35
P10 44
Phosphinous Acid 5
SPO 16
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(I) M
_P = —
Cy s OMe H F Q OMe
Cy
MeO MeO
Phosphinous Acid SPO

Scheme S1: Suggested pathways for the oxidation of P1 to P10 as well as the observed decomposition
products.

Comment: It has been observed that not only the expected oxidation of P1 to P10 happened, but also a-
fragmentation of a cyclohexyl radical occurred leading to Phosphinous Acid which subsequently

tautomerized to the secondary phosphine oxide (SPO).

O PC1 (2.5 mol%), 1a (1.0 equiv.) O

HAT1 (20 mol%) (I)I

_P L
CyCy/ s OMe CH3CN (0.10 M), H,0 (21 equiv.) CyCy/ s e
MeO 10 W 445 nm, 20 °C, 20 h Va0
P P10
(2.0 equiv.)

Photocatalytic Oxidation of BrettPhos P1 during the reduction of 1a: To an oven dried Schlenk tube
with a magnetic stirring bar, PC1 (0.005 mmol, 2.5 mol%), P1 (0.400 mmol, 2.0 equiv.), CH3sCN (2.0 mL,
0.01 M) and deionized water (75 uL, 4.20 mmol, 21 equiv.) were added under argon atmosphere using
standard Schlenk techniques at ambient temperature. Next, HAT1 (0.040 mmol, 20 mol%) and methyl 2-

(4-chlorophenyl)acetate (1a) (0.200 mmol, 1.0 equiv.) were added under argon counterflow. The tube was
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sealed, placed in the photoreactor and irradiated with a 10 W 445 nm LED at 20 °C using the standard set-

up. After completion of the reaction (20 hours), the irradiation was stopped, and volatiles were removed

under reduced pressure. The crude residue was dissolved in CDCls, triphenylphosphineoxide (0.200 mmol)

was added as an internal standard and a crude 3P NMR has been measured.
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Table S8: Results of the photocatalytic oxidation of BrettPhos P1 during the reduction of 1a.

Product Yield / mmol
P1 0.034
P10 0.164
Phosphinous Acid 0.046
SPO 0.134
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5.2 Deuteration experiment using CDsCN and D.O
Ccl O H O

S PC1 (2.5 mol%), S

~N o ~N

o) P1 (2.0 eq.), HAT1 (20 mol%) o) 0% Deinc
CD5CN (0.10 M), H,0 (21 equiv.)

. 10 W 445 nm, 20 °C, 20 h .
1j 2j

Deuteration experiment using CDsCN instead of CH3CN for the reduction of 1a: To an oven dried
Schlenk tube with a magnetic stirring bar, PC1 (0.005 mmol, 2.5 mol%), P1 (0.400 mmol, 2.00 equiv.),
CDsCN (2.00 mL, 0.01 M) and deionized water (75 pL, 4.2 mmol, 21 equiv.) were added under argon
atmosphere using standard Schlenk techniques at ambient temperature. Next, HAT1 (0.040 mmol,
20 mol%) and 2-(methylthio)ethyl-2-chloro-6-methylbenzoate (1j) (0.2000 mmol, 1.0 equiv.) were added
under argon counterflow. The tube was sealed, placed in the photoreactor and irradiated with a 10 W 445
nm LED at 20 °C using the standard set-up. After completion of the reaction (20 hours), the irradiation was
stopped and the crude residue was purified by flash column chromatography (pentane—CH>Cl) to obtain
2j (41.6 mg, 0.198 mmol, 99%) as a light-yellow oil.

cl o HD O
S PC1 (2.5 mol%), ~_-S
N P1(2.0eq.), HAT1 v ~
0 (2.0 eq.), (20 mol%) o 60% D-inc

CH4CN (0.10 M), D,O (21 equiv.)

10 W 445 nm, 20 °C, 68 h _
1j nm 2j-D

Deuteration experiment using D,0O instead of H,O for the reduction of 1a: To an oven dried Schlenk
tube with a magnetic stirring bar, PC1 (0.005 mmol, 2.5 mol%), P1 (0.400 mmol, 2.00 equiv.), CD:CN
(2.00 mL, 0.01 M) and deionized heavy water (D20) (75 uL, 4.20 mmol, 21 equiv.) were added under argon
atmosphere using standard Schlenk techniques at ambient temperature. Next, HAT1 (0.04 mmol, 20 mol%)
and 2-(methylthio)ethyl-2-chloro-6-methylbenzoate (1j) (0.200 mmol, 1.00 equiv.) were added under argon
counterflow. The tube was sealed, placed in the photoreactor and irradiated with a 10 W 445 nm LED at 20
°C using the standard set-up. After completion of the reaction (68 hours), the irradiation was stopped and
the crude residue was purified by flash column chromatography (pentane—CH>Cl;) to obtain 2j-D (39.3
mg, 0.186 mmol, 93%, 60% D-inc) as a light-yellow oil.
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Deuterium incorporation was measured by HR-MS (ESI):

LabelChecker Results

Formula: C11H14 02 S Na S
Mass (monoisatopic): 233.06 ;:
H
Difference Value: 0.000107 2
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5.3 KIE

To an oven dried Schlenk tube with a magnetic stirring bar, PC1 (0.005 mmol, 2.5 mol%), P1 (0.400 mmol,
2.00 equiv.), CH3CN (2.00 mL, 0.01 M) and deionized water or heavy water (D20) (75 uL, 4.20 mmol, 21
equiv.) were added under argon atmosphere using standard Schlenk techniques at ambient temperature.
Next, HAT1 (0.040 mmol, 20 mol%), methyl 2-(4-chlorophenyl)acetate (1a) (0.200 mmol, 1.00 equiv.)
and dodecane (0.200 mmol) as an internal standard were added under argon counterflow. The tube was
sealed, placed in the photoreactor and irradiated with a 10 W 445 nm LED at 20 °C using the standard set-
up. An aliguot (50 pL) was taken out of the reaction mixture under argon counterflow every 12 minutes

until reaching an overall yield of 20%. The aliquot was diluted with EtOAc and the yield was determined

by gas chromatography.

Yield of 2a / 2a-D

20 -
18 4
164
141

=
N
1

10—-
8—-
6
4]
2]
0_-

_2_

y = 0.384x-6.650
R?=0.95

y = 0.223x-4.100
R?=0.92

. : .
12 24 .36 48 60
time / min

Figure S2: Rate constants of the reaction using H.O and D0.

Comment: The KIE value is 1.72, indicating that the deprotonation of the PO-H bond is involved in the

rate limiting step.
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5.4 Stern Volmer Quenching

Stern-Volmer luminescence quenching analysis was conducted using a Jasco FP8550 spectrofluorometer.
The following parameters were employed: Excitation bandwidth =5 nm, data interval = 0.5 nm, scan speed
=500 nm/min. The samples were measured in a Hellma fluorescence QS quartz cuvettes (chamber volume
=14mL, HxWxD=46 mmx 12.5mm, 12.5 mm) equipped with a PTFE stopper. The CH3CN solution
of Ir[dF(CFs)ppy](dtbbpy)PFs (1.5 x 105 M) were excited at Jex = 380 nm and the emission was recorded
at 474 nm. For each quenching experiment, the quenching reagent (2.5 x 10 M) was titrated in 100 pL
steps to a solution (300 pL) of Ir[dF(CFs3)ppy]z(dtbbpy)PFs in the quartz cuvette. Then, the cuvette was
filled with CH3CN to a total volume of 1 mL and argon was bubbled through the solution for 20 seconds.
lo is the luminescence intensity without the quencher, I is the intensity in the presence of the quencher. The

results of the quenching studies are shown below.

Table S9: Results of Stern-Volmer quenching study.

Entry [P1]/ mM lo/1 [1a] / mM lo/l
1 0 1 0 1
2 0.25 1.25 0.25 /
3 0.50 1.65 0.50 /
4 0.75 1.89 0.75 /
5 1.00 2.25 1.00 /
6 1.25 2.45 1.25 1.18
2.6
] 1 :
2.2 "
2.0 . y = 1.1989x + 0.9905
— 184 R2 = 0.99
~ 164 .
1.4
1.2 " -
1.0 [ ]
0.8 T T T T T T 1
0.0 0.2 0.6 0.8 1.0 1.2 1.4

Quencher Concentration / mM

Figure S3: Plot of Stern-Volmer quenching study. To rule out quenching of substrate 1a the quenching at
the highest concentration investigated was determined.

S55



5.5 Cyclic Voltammetry

Cyclic voltammetry (CV) experiments were performed in an argon filled glovebox using a three-electrode
undivided measuring cell consisting of a Pt working electrode, a Pt counter electrode and an Ag/Ag* pseudo
reference. Measurements were carried out with a Metrohm Autolab potentiostat (Metrohm, PGSTAT204)
and data were collected and analysed using the Autolab Nova 2.1 program. THF was degassed using three
freeze-pump-thaw cycles and stored over activated molecular sieves (3 A) in the glovebox before use.
Experiments were performed with 1 mL of a 2 mM solution of the analyte in THF and 0.1 M [BusN][PFe]
as the supporting electrolyte, at a scan rate of 100 mV s, All potentials were then referenced to the potential
of the Fc/Fc* redox couple. Potentials are also provided referenced to SCE with a conversion factor of
+0.380 V for Fc/Fc* vs SCE. For irreversible peaks, the inflection point of the curve was used to estimate
the standard potential. The recorded cyclic voltammograms are shown below.

Table S10: Overview of reduction potentials of different substrates and phosphine oxides referenced to
Fc/Fc* and SCE.

Compound Eip vs Fc/Fc* Ei2 vs SCE
19 -3.45 -3.07
1h -3.69 -3.31
7d -2.69 -2.31
Te -2.59 -2.21
7k -2.43 -2.05
% -2.89 -2.51

P10 -3.45 -3.07
P20 -3.34 -2.96
P30 -3.39 -3.01
P40 -3.24 -2.86
P50 -3.12 -2.74
P60 -3.33 -2.95
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Figure S4: Cyclic voltammogram of 2g (2 mM) in THF with [BusN*][PFs7] (0.1 M) as the supporting
electrolyte, at a scan rate of 100 mV s
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Figure S5: Cyclic voltammogram of 2h (2 mM) in THF with [BusN*][PFs] (0.1 M) as the supporting
electrolyte, at a scan rate of 100 mV s
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Figure S6: Cyclic voltammogram of 7d (2 mM) in THF with [BusN*][PFs] (0.1 M) as the supporting
electrolyte, at a scan rate of 100 mV s
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Figure S7: Cyclic voltammogram of 7e (2 mM) in THF with [BusN*][PFs7] (0.1 M) as the supporting
electrolyte, at a scan rate of 100 mV s
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Figure S8: Cyclic voltammogram of 7k (2 mM) in THF with [BusN*][PFs] (0.1 M) as the supporting

electrolyte, at a scan rate of 100 mV s
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Figure S9: Cyclic voltammogram of 10e (2 mM) in THF with [BusN*][PFs] (0.1 M) as the supporting

electrolyte, at a scan rate of 100 mV s
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Figure S10: Cyclic voltammogram of P10 (2 mM) in THF with [BusN*][PFe¢7] (0.1 M) as the supporting
electrolyte, at a scan rate of 100 mV s
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Figure S11: Cyclic voltammogram of P20 (2 mM) in THF with [BusN*][PFs] (0.1 M) as the supporting
electrolyte, at a scan rate of 100 mV s
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Figure S12: Cyclic voltammogram of P30 (2 mM) in THF with [BusN*][PFe¢7] (0.1 M) as the supporting
electrolyte, at a scan rate of 100 mV s
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Figure S13: Cyclic voltammogram of P40 (2 mM) in THF with [BusN*][PFs] (0.1 M) as the supporting
electrolyte, at a scan rate of 100 mV s
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Figure S14: Cyclic voltammogram of P50 (2 mM) in THF with [BusN*][PFe¢7] (0.1 M) as the supporting
electrolyte, at a scan rate of 100 mV s

MeO
g P60

Current / JA
A
1

OMe

r— -~ r ~ 1+ I - 1 1 - 1 * 1 - T ° 1
-4.2 -4.0 -3.8 -3.6 -3.4 -3.2 -3.0 -2.8 -26 -2.4 -2.2

Potential vs Fe/F¢™/ V

Figure S15: Cyclic voltammogram of P60 (2 mM) in THF with [BusN*][PFs] (0.1 M) as the supporting
electrolyte, at a scan rate of 100 mV s
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5.6 Spectroelectrochemical Measurement

The spectroelectrochemical measurements were carried out using the AVA-Light DH-S-BAL light source,
the AVASpec2024 spectrometer and a Metrohm PGSTAT204 potentiostat. THF was priorly degassed via
three cycles of freeze-pump-thaw, dried over molecular sieves and constantly stored in the glove box. The
phosphine oxide P10 was dissolved in the electrolyte (0.1 M NBu4PFe in THF) to give a concentration of
0.25 mM (3.5 mL THF). A platinum gauze electrode was used as a working electrode and the potential was
monitored with a pseudo-Ag/AgCl reference electrode (previously referenced to ferrocene). Glassy carbon
press-fitted into PEEK was used as a counter electrode. The scan rate was set to 50 mV/s and the UV-vis

absorption was measured every 0.0244 V.

350
250 Wavelength / nm

Figure 16: Spectroelectrochemical measurement of P10 (0.25 mM) in THF with [BusN*][PFs7] (0.1 M)
as the supporting electrolyte, at a scan rate of 50 mV s,

Comment: A subtle bathochromic shift was observed in the UV range (~275 nm) at approximately -3.5 V
(vs Fc/Fc¥) (-3.1 V vs SCE), indicating that the phosphine oxide radical anion derived from P1 cannot be

excited to a higher state by the used wavelength of 445 nm.
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6. DFT Calculations
Methods

All calculations were performed with ORCA.B71 For the structure, spin density isosurfaces and SOMO
surfaces of phosphine oxide radicals and radical anions a conformer search using CREST®® and afterwards
a geometry optimization of the five best conformers with r’SCANDP®62 and the CPCM solvation model for

acetonitrile was carried out.

For the calculation of the relative values of free enthalpy AG®y9sk, after the conformer search with CREST
a geometry optimization with r’SCAN and the SMDI®I solvation model for acetonitrile of the five best
conformers was performed to find the conformer with the lowest Gibbs free energy and its free enthalpy
contribution at 298 K (GRRHO), For the most favored conformer a subsequent single point energy calculation
with PWPB95-D3BJ/def2-TZVP®+%8l and the SMD solvation model for acetonitrile was carried out. The

relative values of free enthalpy were calculated with the following equation.
AG®8x = AE(PWPB95-D3)sorv + AGRRHO295k sotyv

For the calculation of the bond dissociation energies (BDES), after the conformer search with CREST a
geometry optimization with r’SCAN in the gas phase for the five best conformers was performed to find
the conformer with the lowest Gibbs free energy and its enthalpy contribution at 298 K (HRRHO), For this
conformer a subsequent single point energy calculation with PWPB95-D3BJ/def2-TZVP in the gas phase
was conducted. The BDEs were calculated as enthalpies for the reaction R-H — R + H" using the following

equation.

BDE = AE(PWPB95-D3)gas + AHRRHO 95k gas
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DFT-calculated energies

Table S11: DFT-calculated energies and thermostatistical contributions of all molecular species.

Structure E(PWPB95-D3)gss (EN) | E(PWPB95-D3)saiv (EN) HRR(HEEQ)SKQ“ GRR?EﬁiK*S‘"V
Br?gf g‘fg” -1932.554514222003 11932.58414841635 0.8636085 | 0.75055989
BrettPhosO™ (P1O™) / -1932.1088833787 / 0.73719318
Br?gig(;so -1932.031521797525 -1932.066008407667 | 0.85516318 | 0.74335112
Brfgfgojgl;z'+ / 11933.04021706253 / 0.7585919
B“(agi g"'fﬁ))w / -1932.516416790250 / 0.75508490
Br’igig‘os / -1856.79613973053 / 0.73832028
B“Egm‘iiw / -1857.264648246434 / 0.75139798
P(pC()P'\gegﬂ);OH' -1455.231467081668 -1455.25824757846 0.40803122 | 0.32726547
P(POMePh):0” / -1454.79035896101 / 0.31333712
(P60™)
P(pOMePh):0 -1454.718219977864 / 0.39940135 /
(P60)
NEts / -292.265532374286 / 0.17057709
HNEt* / -292.742073309345 / 0.18671582
H -0.498413646632 / 0.00236048 /
cy / -235.083111921802 / 0.12367177
Phosphinous acid P1 / -1697.47349925063 / 059791313
SPO P1 / -1697.49116525834 / 059978882
la / -958.849810517675 / 0.12308023
la- / -958.917158439194 / 0.11762539
1a¢ (1a™-Cl) / -498.590344083044 / 0.12112135
cr / -460.325146298330 / -0.01504214
TripS (HATL) / -983.470934757545 / 0.29602899
TripSH (HAT1) / -983.949998499791 / 0.30564876
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Table S12: DFT-calculated BDEs from values in Table S11 using the equation in the DFT-Calculations —
Methods section.

Structure BDE (kcal/mol)
BrettPhosOH" (P1OH") 11.6
P(pOMePh);OH" (P60OH") 5.4

Table S13: DFT-calculated relative values of free enthalpy of deprotonations with NEts from values in
Table S11 using the equation in the DFT-Calculations — Methods section.

Structure AG®298k (kcal/mol)
BrettPhosOH® (P1OH") 0.9
BrettPhosOH™ (P1OH:™) -7.8
P(pOMePh);OH" (P60OH") -4.0
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Scheme S2: DFT-calculated relative values of free enthalpy of different reactions relevant for mechanistic

investigations.
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Spin density isosurfaces and SOMOs of different phosphine oxide radicals and radical anions

BrettPhosO™ (P10%):

Figure S17: DFT-calculated SOMO surface (left, isovalue 0.03) and spin density isosurface (right, isovalue
0.005) of BrettPhosO™ (P10").

BrettPhosOH" (P1OH"):

Figure S18: DFT-calculated SOMO surface (left, isovalue 0.03) and spin density isosurface (right, isovalue
0.005) of BrettPhosOH" (P1LOH").
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XPhosO™ (P20"):

Figure S19: DFT-calculated SOMO surface (left, isovalue 0.03) and spin density isosurface (right, isovalue
0.005) of XPhosO™ (P20").

SPhosO™ (P30™):

Figure S20: DFT-calculated SOMO surface (left, isovalue 0.03) and spin density isosurface (right, isovalue
0.005) of SPhosO™ (P30™).
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DavePhosO™ (P40™):

Figure S21: DFT-calculated SOMO surface (left, isovalue 0.03) and spin density isosurface (right, isovalue
0.005) of DavePhosO™ (P40").

JohnPhosO™ (P50™):

Figure S22: DFT-calculated SOMO surface (left, isovalue 0.03) and spin density isosurface (right, isovalue
0.005) of JohnphosO™ (P50%).
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P(pOMePh);0" (P60™):

Figure S23: DFT-calculated SOMO surface (left, isovalue 0.03) and spin density isosurface (right, isovalue
0.005) of P(pOMePh);0™ (P60O™).

Cartesian coordinates of optimized structures

Radical anions with CPCM (acetonitrile)

P10
C -3.892222 -3.576540 1.169263
C -3.263581 -3.801218 2.546024
C -2.946425 -2.785641 0.258492
H -4.834630 -3.020761 1.284948
H -4.143044 -4538732 0.703614
C -2.568967 -1.437674 0.893086
C -2.855882 -2.471823 3.184360
H -2.370063 -4.432959 2431171
H -3.957668 -4.343399  3.200932

C -1.923943 -1.672134 2.268382
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-2.723518

-2.219947

-0.924369

-4.243267

-2.390601

-2.437457

-4.711460

-4.536226

-4.739601

-4.000288

-5.798334

-4.497790

-4.277801

-4.341950

-2.646321

-1.874784

-2.227118

-0.712721

-2.642605

-3.368344

-0.468620

-0.842852

0.330881

-0.122444

0.665131

-1.194893

-0.005028

0.544688

0.314162

1.725230

0.974045

-0.502318

1.144701

0.175462

0.850291

2.044330

-0.882819

0.513036

4.153286

3.381999

2.135741

2.732092

-0.728201

0.099027

-0.221408

1.042127

-1.562479

-2.954514

-4.057249

-3.074947

-3.049469

-3.933560

-5.042767

-3.981797

-2.542039

-4.102914

-4.707073

-1.443177

-2.449346

-2.402043

-1.541588

-0.460297
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-2.251564

-0.663719

0.771834

1.188578

0.306475

-1.077116

-1.520958

0.649296

-1.743462

-0.419597

-2.844374

2.557032

3.046214

2.791879

4.132851

2.657726

-3.818985

-4.792459

-3.718885

-3.743833

1.784604

1.901062

2.856312

3.733847

1.403689

0.844490

0.892355

1.532066

2.192854

2.285583

1.623798

2.703213

2.894275

-1.440114

1.642316

1.544428

2.203226

3.272007

2.091398

1.744556

2.112494

1.915475

3.191098

1.579815

0.455874

1.125520

0.702640

-0.352406

-1.464815

0.744949

1.026294

2.208610

3.060332

2.692151

1.570743

3.951326

3.293171

-0.838824

1.159064

2.418618

3.581150

3.579461

3.554745

4.500807

2.086078

1.630016

2.266809

3.044034

0.037606

-1.212055

-2.136581

-1.872858
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3.625459

2.676450

2.944658

4.287358

2.568026

2.094828

1.151796

1.944318

2.838236

3.881490

1.805076

4.233454

4.666486

3.740906

1.043453

1.575451

2.581492

1.625930

0.923874

0.898005

0.041651

0.154576

0.567967

1.838086

-0.990225

-0.611949

1.217341

-1.825711

-1.433823

-2.863549

-2.844011

-3.428066

-3.399702

-1.470536

-0.959537

-0.458296

-1.994646

-2.002210

2.345450

3.568856

3.830924

3.364211

4.437656

2.685399

2.128583

3.481177

1.819756

3.048356

-0.636267

0.312701

-3.091012

-0.412373

1.587464

1.278680

0.722353

2.207511

0.675810

2.379454

2.214783

2.599816

1.820983

3.328532

-1.505539

-0.739145

-1.091320

0.334803

-0.895586

-2.990346

-1.109979

-3.113800

-3.575470

-3.422986
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P60O™:

4.762412

6.195622

6.385701

6.926192

6.365975

4519113

4.650412

5.236407

3.507171

4.634784

0.016485

0.458904

1.750742

2.081842

1.118944

-0.163539

-0.482491

-1.565719

-1.775587

-2.869519

-3.797144

-2.504428

-0.785125

-0.629594

0.399215

-0.888071

-1.291987

-2.225278

-0.122285

-2.504035

-2.340532

-2.931189

-0.181007

-1.769999

-2.052791

-3.318827

-4.343660

-4.092553

-2.806638

0.269276

0.155506

0.734991

1.475882

1.030045

-2.898285

-2.369967

-2.045372

-3.145566

-1.513153

-3.372897

-3.768367

-4.153864

-3.776220

-2.542025

1.243547

0.474112

0.012023

-0.452155

-0.433585

0.053039

0.505001

0.496981

-0.901374

-1.514123

-0.759920

1.231098
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@)

-3.604066

1.245511

1.629636

2.446327

2.870890

2.458789

1.662543

1.303382

2.734726

1.359795

2.792566

-1.077521

-2.372541

-4.307134

-3.033267

-1.486402

-0.913767

2.504122

3.075654

-0.114902

3.670710

-4.848603

1.543234

0.600965

1.623437

1.004415

1.159130

2.215112

3.169391

3.064565

2.012991

0.438539

2.283224

1.941363

3.813882

-0.420552

1.146882

2.183258

0.620552

-2.611268

-4.873944

-1.269767

-3.535618

-0.256233

4.255089

2.011417

-5.551631

-6.631171

0.620659

0.723849

-0.643863

-1.047097

-0.121202

1.229560

1.629885

-1.388705

-2.091279

2.672098

1.942758

-1.505246

2.303870

1.228403

-2.582873

0.876162

0.095191

0.012062

-0.832948

2.762370

-0.412780

-1.466652

-0.903490

-0.906798
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P20™:

-0.265192

0.263275

1.133830

-5.824538

-5.378737

-6.306795

-6.569169

4.104264

4.701935

4.722352

3.251955

-2.706854

-3.950679

-1.821913

-3.016053

-2.131597

-2.599100

-4.727734

-3.640580

-4.595339

-3.835817

-5.598817

-6.396444

-6.863186

-7.488534

2.746135

3.622964

2.114965

3.074465

4.392989

3.527929

5.292308

4512716

3.630044

3.694900

2.439603

3.532659

4.562093

1.120331

2.377368

3.889929

4.529779

1.191063

2.423618

-1.537694

0.110656

-1.320315

-0.725678

-0.237895

0.032318

-1.452896

-1.765094

-2.083275

-1.794877

-2.447586

1.112226

0.223832

0.733649

2.163470

1.032822

0.790736

0.273084

-0.813732

0.526999

-0.112931

-0.393244
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-5.111138

-3.513579

-4.412961

-0.949101

-1.442968

-1.445243

-2.940328

-2.568563

-1.795130

-2.690585

-0.951485

-1.369340

-3.328393

-2.106975

-3.483356

-4.106692

-2.536659

-3.987352

-3.218324

-4.535065

-4.949372

-2.430605

-3.818445

-3.372606

2.221173

1.309337

0.259754

2.387570

2.584916

-0.319418

0.979441

-1.799077

-3.094529

-4.327266

-3.171956

-3.056752

-4.374907

-5.238487

-4.294276

-3.089692

-4.491116

-5.247915

-1.849193

-3.116806

-3.014540

-1.868857

-0.949193

-1.714663

1.292435

-1.157042

-0.058044

1.394526

-0.288248

0.492686

1.830372

0.696647

0.413089

0.568731

1.114171

-0.596969

1.958075

0.383793

-0.193480

2.241879

2.713309

2.048289

2.087712

3.252222

1.538540

2.854683

2.266820

-0.048943
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-0.868353

0.501856

0.811591

-0.154744

-1.491262

-1.839568

0.129536

-2.265276

-0.384045

1.853930

4.873370

5.617045

5.767746

4.115224

4.484676

6.546588

7.200153

5.945378

-2.879539

1.650040

2.385555

3.531993

3.968614

3.236189

-0.366322

-0.196731

-0.353786

-0.672925

-0.847637

-0.704473

-0.787954

-1.104038

-0.283476

-0.233722

1.810792

0.021112

1.962115

1.308087

2.797297

1.100829

1.834128

2.674360

-0.856600

0.118739

-0.924602

-0.622579

0.688497

1.712190

-1.184197

-1.636113

-2.972317

-3.966819

-3.537357

-2.213955

-5.007893

-4.259991

1.590244

-3.264134

2.854607

1.936753

3.470063

3.464780

2.575923

-0.118332

1.362294

0.435952

-1.939251

-0.728085

-0.135833

0.607951

0.786171

0.186202
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2.087849

4.110702

3.575324

1.389539

1.234669

0.806941

0.574703

2.198131

2.133892

0.390143

3.151080

1.615793

2.203972

1.994779

2.891111

2.582740

3.936580

2.837903

2.025794

0.965871

1.611847

1.433774

3.048337

5.210248

1.450469

-1.430895

2.740181

2.600953

3.849839

3.606990

4.573608

4.345333

2.973042

2.247277

3.312656

3.785110

2.114192

-2.377263

-3.030550

-4.067053

-3.040375

-2.480651

-3.201098

-2.379641

-4.199767

-2.724168

-3.331718

0.986504

-0.569571

1.051782

0.293110

-1.275030

-0.396992

0.580071

-0.889234

-0.231685

-2.568319

-1.555770

-2.336901

-3.093077

-3.242455

-0.344013

-1.407643

-1.590952

-1.075426

-2.353077

0.949514

-0.721666

0.766946

1.737711

1.321840

1.604256
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C

P30:

6.289656

-0.463521

-1.068827

-0.152174

-1.174701

0.451114

-1.402250

-2.319031

-0.324392

-1.309322

-2.013193

-2.728768

-3.094831

-1.301960

-2.928915

0.254585

0.628691

-0.986917

-2.140954

-2.580818

-2.356769

-3.661400

1.688686

3.481007

4.390659

2.092171

3.381922

3.929092

1.446715

3.754467

4.556980

5.374093

2.364381

4.397843

3.666505

2.461426

1.922332

1.446075

2.176264

-0.258179

1.297433

-0.935875

-2.349734

-2.950038

0.769547

1.975250

0.904742

1.409912

2.808888

2.385726

0.791692

0.294403

0.111469

1.328661

-0.273882

-0.495028

1.069596

-1.106787

-0.687330

2.197671

0.641509

0.160216

1.597592

-0.513212

-1.075711

-1.607443

S81



@)

o)

-1.962197

-1.597968

-4.741767

-3.478450

-4.012068

-4.969402

-4.424761

-5.679114

-3.668156

-5.721423

-5.368438

-3.311745

-3.863630

-2.936693

0.128981

1.574725

2.267580

1.682093

0.312777

-0.423492

2.274914

-0.155417

-0.526658

1.589031

-2.992149

-2.325913

-2.969227

-3.964486

-2.349271

-1.566428

-3.639241

-3.374639

-0.957085

-1.592568

-0.918317

-1.547003

0.057662

-0.288481

-0.075654

0.121559

0.781214

1.140934

0.802579

0.235345

1.612563

1.002965

-1.091294

-2.572997

-0.274459

-1.866883

-0.524751

-1.984456

-2.459815

0.040099

0.288220

-0.926405

0.573829

0.839094

-0.754226

1.430027

0.940764

-1.326448

-1.226212

-1.060188

-2.084953

-3.293007

-3.518643

-2.499532

-4.072020

-4.479402

1.351673

-0.437840
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C  3.141197

C  3.807829
Cc 2.940176
Cc 2.279727
C  3.695559
H 4.401981
H  2.895039
H 4.212623
H -1.477260
C 2.325318
H  3.332683
C 1.372647
H 0.747815
H 2.315637
H 0.848213
O  3.199518
C  3.804028
H 3.320409
H 4878994
H 3.660167
P40™:
C -4.785671
C -b.112110

0.424922

-0.066383

-2.282327

-1.777864

-1.418928

0.588784

-3.336908

-1.805229

0.040974

-0.402775

0.957879

-3.933773

-4.358676

-4.494336

-4.009248

1.747097

2.666348

2.629727

2.475837

3.655936

-0.373839

1.094372

0.899546

2.022436

1.553332

0.436315

2.352864

2.648734

1.799943

3.226573

-2.685651

0.084881

-1.942431

-0.072645

-0.861348

-0.016779

0.889002

0.527625

1.435240

2.420918

1.551817

0.996126

-1.310664

-1.588331
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-3.813546

-4.335020

-5.705311

-2.517814

-3.834326

-5.654957

-5.776582

-2.864400

-4.075239

-3.337657

-3.327651

-1.957385

-3.602336

-4.282947

-1.293424

-2.055764

-0.312373

0.293078

1.183671

-0.520734

0.866609

0.417528

1.585255

2.043420

-0.515730

-0.823314

-0.935134

0.270568

1.905616

1.510598

1.181342

1.750472

2.965956

1.556595

2.155663

2.340961

-1.573931

-0.123950

0.086930

-0.132609

-1.467975

-1.911321

-3.144587

-2.148424

-1.089733

-4.293509

-3.457470

-2.880735

-0.133534

-2.208040

-1.100489

-0.401150

-1.811094

-0.726815

-2.457398

-0.636280

-1.960028

-2.728973

0.276285

-0.810770

0.049185

0.777606

0.998962

-1.313614

0.733956

2.076841

1.897486

2.775829

2.525600

1.240679

2.870027

1.265491
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-0.188122

-0.391041

1.078709

-1.091261

-0.760442

0.621126

-1.938145

-1.504753

0.509633

-0.095700

1.185144

2.106399

1.795669

0.502804

-0.388316

2.533036

0.231975

-2.095066

3.876060

0.481852

0.673420

2.965680

2.792337

1.931304

-3.849436

-4.621224

-5.156575

-2.624893

-4.668783

-3.595478

-2.903351

-2.322580

-1.193976

1.445503

1.534682

2.500217

3.408709

3.398390

2.410051

4.149782

4.122449

0.035245

0.371250

0.641284

-0.004393

-0.394783

0.252387

-0.533490

-0.091484

1.911101

1.091517

0.092507

-0.545077

-0.792887

0.736523

-0.877379

0.057381

1.033589

0.323479

0.817695

1.804551

2.401059

2.020841

2.105462

3.164337

2.298207

-0.320210

-1.873389

-3.082814

-2.454499

-1.230087

-3.393257
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P50

-0.144984

3.931251

2.113570

-1.346871

1.495796

3.084505

5.210732

5.394947

5.391376

5.941611

-0.470123

3.677138

2.661730

3.839449

4.383416

0.998152

1.174779

2.049438

3.124770

1.858983

-0.907229

-2.341033

-0.061271

-0.832244

-1.045461

2.342197

0.805777

2.544126

0.106756

-0.961114

0.687357

0.412734

1.121469

-0.298427

-0.121264

-1.388625

0.099043

-3.977577

-0.887746

-2.250343

-1.756248

-1.709443

-3.512635

-0.118174

-3.797700

-2.688143

-4.333776

2.531824

-0.894141

0.346871

-0.835552

-1.061629

-1.746303

-0.078077

-1.681124

0.967712

1.327731

0.884177

1.707331

-1.668671

3.570329

1.070502

2.391070

-1.451488

-0.691523

-0.045334
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2.786988

0.075892

2.247906

-2.722035

0.161664

3.679502

0.177088

-1.321505

-1.708809

1.006979

0.375197

-1.278030

0.050244

0.838207

3.124969

2.250983

1.885161

2.558814

3.072084

3.589747

3.217052

1.646833

1.542139

4.180625

0.919790

-0.845987

1.862697

-2.738325

1.700422

1.112334

0.426971

-1.129646

-2.494664

0.528941

-3.203043

-4.534599

-1.210979

-1.904758

0.575559

1.181992

-0.155701

2.643514

2.722133

0.440138

3.067981

3.243403

1.186638

0.937309

2.288449

-0.586892

2.426023

0.098067

0.598387

1.685098

2.908428

-0.229151

-0.216312

0.123422

-1.229803

-0.704592

2.231843

-1.132588

3.275213

-1.170546

1.664896

-0.792230

0.170371

-1.300618

-1.561152

-0.742935

-2.534900

-2.081422

S87



H 4173336

H  3.480514
H  0.585350
H  2.180292
H  1.350896
C 2687711
H  3.507850
C  0.744165
C -2.326818
C -4.463046
C -3.456212
C -3.342192
H -3.299395
H -5.284743
C -4.429102
H -5.218706
H  -1.500247
H -3.505126

0.480495

-0.606333

1.718734

1.704679

0.174486

-1.440329

-1.305615

-0.472304

1.100868

0.631762

-0.314887

2.032693

2.939323

0.446614

1.822248

2.561922

1.284981

-1.212926

-0.377280

-1.595006

-2.488511

-3.262926

-2.901893

1.434131

0.724630

2.649950

-0.776678

0.940640

0.820512

-0.664775

-1.265866

1.630216

0.202906

0.298332

-1.455503

1.431977

Structures for BDEs in gas phase

P10OH":

C -2.80177307551671

C -4.21584005204382

C -1.95142273584637

3.94032767336201

3.80200574284229

2.71225685395178

0.77491634762373

0.21041195587725

0.44156995639049

S88



-2.85404363642181

-2.31711259587235

-2.61728472404353

-4.87920276538057

-4.16283664428989

-4.82378804002056

-4.03466668090815

-5.88133507576414

-5.00988672728137

-3.97047307532863

-4.52558313714324

-0.95214202397825

-1.81917138506181

-1.51388034144491

-2.67517479819625

-2.45387009683646

-1.62690933271736

-2.39349849887952

-0.68459060593107

-1.36394352529766

-2.82783517590855

-1.76973613769007

-3.28203203254482

-3.65130173843556

4.06280337814298

4.84095850112639

1.42417341325902

2.51904394983238

3.77362442402930

4.67493538430478

1.28571779027956

2.40957007200483

2.58050484276190

1.17395538692421

0.38321823902344

2.81663230531539

2.63469281690728

-0.01643424498703

1.46226064122089

-1.54201408974755

-2.78965945044114

-4.06603993391183

-2.75822956744863

-2.77866814292475

-4.07034497799618

-4.94154268122539

-4.14135025317741

-2.82463364557298

1.86675857685436

0.37839920128658

0.95149744983399

0.71336956839132

-0.88775230742378

0.47787856641322

0.37665047088493

0.28018519022975

1.80387748015832

-0.71381548537239

0.76056914565252

0.87471497041042

-0.64722629654036

0.54040089425147

2.05217109208389

0.95416693942130

0.61794209848602

0.97241405533143

1.18421620073964

-0.44453530572804

2.43842178502973

0.75384935825712

0.32839699642563

2.76714386170039

S89



-1.93531461296018

-3.40378881173269

-2.88288987560351

-3.93215066771916

-4.58767970125232

-1.99082809521523

-3.50655493069044

-3.34781041078372

-0.73100961167743

0.61564134344986

0.89558029508110

-0.01701897927022

-1.25108880333909

-1.59073130816146

0.21550826471582

-1.89646077257543

-0.38397554150070

-2.77461488951290

2.17179275253321

2.58941737827685

2.01491664671310

2.50129406395777

3.63958354021025

-3.76374169121674

-4.09394179646667

-4.97623926895936

-1.54186120862586

-2.81880184319964

-2.84540332135058

-1.47046692748905

-0.66803752558957

-1.53246409440129

-0.01858382181504

0.52254138715778

1.18190057527365

1.23176997778383

0.52677343276307

-0.06960533537630

1.73181981256322

0.46619131809298

0.12027267864178

-0.75212615214582

1.68580492577685

2.18987540310680

3.07978971818337

1.42785620435894

2.46561552249170

-0.68631217479722

3.08068239514009

2.66381073859001

2.43184499862115

3.82751681538122

2.19019922046393

3.06807217885924

2.65695026783503

0.31598954340892

-1.02687515629690

-1.21279053237365

-2.41816289189346

-3.46856075106487

-3.35580907642935

-2.17327164866836

-4.39907406242015

-4.22440009362143

1.68880188157892

-1.95345325007328

-2.51840100217750

-3.77804815467048

-4.07103050974706

-4.56476883450919

-3.65650681136065

-2.97081786959246

S90



-4.01352434063059

-4.64631801620939

-3.43246298398829

1.72382347198866

2.17271404884106

3.18248583613981

3.80823062444100

3.39984296473672

2.37623387936697

3.51608463365108

3.89083480656663

1.97495556302985

1.52084435409832

2.35889105737097

0.74381594644959

1.12708931170368

3.11796284021799

1.13304002830051

3.46447330799530

3.96729947973274

2.78284290331471

1.64637814475795

2.37639292111233

3.44718626079841

0.35518533879730

-1.19202325102018

-1.20193991076984

0.17127379446767

-1.18165512176154

-1.53064703292897

-0.58686204009786

0.73525661702202

1.13698339496751

-2.56374680479310

1.48113033454366

2.60007473184138

3.07796486276274

3.08938392712562

2.42970925767775

4.09988570094790

3.48990871233623

2.69789391212910

3.15348533261036

3.46890779380235

4.53032523395659

-2.20552424248502

-2.03149265366340

-2.23643067705783

-3.21877895612678

-2.57174617998709

-3.88230603755585

-0.27891297894653

-0.21790963621008

0.67048630483447

1.49077365870742

1.38947124743718

0.52563539481542

0.70895480116302

2.01204564317585

0.51227305641967

1.90147300518649

2.60750862035838

2.31850163242018

1.84298727926432

0.00360199597522

-0.18436591976623

-0.97567084681080

0.69659446672231

-0.08089534528961

-1.20843362116688

-2.55209716854632

-2.43262350165495

S91



2.26164257536534

1.97309662454341

1.75577713841407

0.58825743079234

1.20521309834274

1.34277138566856

2.79486005977481

4.90710850111319

4.39156830288883

4.07074284414262

3.53518252345407

5.17737774919552

6.11814707658889

5.23802866661209

6.93094233499889

6.49132888124191

5.85476971886381

0.52338995736960

-3.84079900754984

-3.27289758692385

-2.91286948115591

-4.82568009770903

-1.01231428395118

-2.72454007939711

-3.65805356082647

-1.98145128568450

-4.30957078661801

-3.79807638711867

-4.00751556371452

-0.99229117516480

-1.97305367778577

-2.91395855741948

-1.55414134452680

-2.20757363102000

-1.57612652614740

-0.08025829418599

-1.79596377146889

-0.87750362569806

-2.51063437906287

0.02357179884699

3.41853862166555

4.52530698418589

2.19993224035190

3.11543797052648

-2.92999463533802

-3.29960766594221

-0.73841386767358

-1.37970511377272

-1.42579302750169

0.26636026829635

-0.72894041714109

2.45023458055290

3.51191120297441

3.05050475256605

4.04987538934437

4.23905176862391

1.71019183768681

2.96704794578122

2.41170117870996

0.95476370302073

1.20203187592436

1.31850118832078

1.82894465188139

0.94052995196345

1.86694158876357

1.44314195783169
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-4.00142593434968

-2.62955679412313

-3.00242822176062

-2.33043474261617

-3.96019014011589

-2.06403678689715

-2.57054730994866

-3.95501935573003

-1.09165413928150

-1.88940344301172

-3.36391157743292

-1.96051034508973

-1.47865961889887

-3.56813082052278

-2.57744306599868

-2.29471939086382

-3.21207024658844

-1.25140660447433

-2.41590118949251

-3.07915248811549

-2.98087563330666

-4.25527126796127

-3.35316769882104

-2.05725875656776

3.79011835434692

1.67308570172496

3.99956273403715

4.88977899827782

5.37982695234317

2.79013294011018

4.78857828884634

3.70632480704205

3.10336016641209

2.42065644400199

1.41378680160558

2.46608639741503

0.21498067735728

1.31570106767109

-1.22993307258556

-2.51455471479499

-3.65537080030524

-2.81041859275063

-2.34264747801550

-3.91747560206902

-4.56344110241761

-3.39152173566908

-2.64154395834059

-4.26310484548114

2.84873960419258

0.44896215823130

-0.46953725143919

1.37506593992270

0.90680628525891

-0.43703236289185

-1.09803363711173

-0.93638893496119

-0.03676919919058

-1.45451295072431

2.48457044998226

2.34340363217477

0.58203786115842

0.00621295864479

1.03302514116565

0.24091344665872

0.69173309798011

0.40288783452065

-0.83293832942061

2.19192437923091

0.12053943343975

0.46087539250953

2.98795866817546

2.40744346642542
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-3.75975921821431

-2.43506671624668

-3.21946922399915

-4.40278611654839

-1.38895404822648

-2.64482610020145

-3.60999380644274

-0.82081952187687

0.55612996496941

0.99289336668985

0.08410762148908

-1.28426227890438

-1.72921002017446

0.41647803404605

-1.97725824325898

4.43713885576878

-3.05705550951809

2.34797657882371

2.84251301499360

2.55134710605885

2.49494855047441

3.92980476837002

-4.01893872472077

-3.95067214342532

-4.71962281567913

-1.49990678879845

-2.82361786964477

-2.34349237232815

-1.75408482159008

-0.59538199067272

-0.91286648311148

-0.09247509891584

-0.17843965114943

-0.32821319003952

-0.41388102916804

-0.35565418217939

-0.19584299467162

-0.53165723825160

-0.43417182003101

1.65295802140238

-0.13451298874345

-0.38089537720859

-0.54285937868877

0.29730350327261

-1.48468249328102

-0.56649186520551

-0.22627790117176

-1.18927540162679

2.50354399962512

2.54280420683777

4.06158371432749

2.84522415185272

2.75555317096238

3.12342651614952

0.81881789534759

-1.12014553102095

-1.37187607816856

-2.70866652222973

-3.75416882820325

-3.49718987502195

-2.19444171038238

-4.77883586648967

-4.32623428383153

3.51104260481173

-1.85477283590374

-2.87929505263753

-4.20107621329034

-4.84744137731881

-4.64901710010361

-4.10854165947751

-2.89736405827837

-3.42154211300647
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-3.90680668744404

-4.99351916167608

1.63819020217163

2.23655687292826

3.32110039721394

3.83274420378230

3.22767117402141

2.14152295186166

3.77721602609153

3.61833394799952

1.56071332241345

2.50387892518847

2.05717518282166

3.45513263655752

2.72290618795876

1.23289719885843

0.62574236801294

2.14463234514697

0.66953238949380

0.64234843480352

1.73963177977842

1.49301043880628

1.00505493739392

2.43335575188541

0.59349431935196

-0.14876144584249

-0.14994279801764

1.06706674323318

1.05457987197406

-0.13120115661960

-1.32325900952334

-1.35714516006967

2.00026328879297

-2.25655317049434

-2.70261957431104

-3.45303106718924

-4.40209827883646

-3.67606737231992

-2.85121454710882

-3.56893343338174

-2.51735164968924

-3.91224133068386

-4.46065077637607

-3.00943846339915

2.39287609711008

3.41009012318917

4.30825010732397

3.73142279623981

-3.61990031219286

-2.41155068359980

-0.33300428042992

0.03257285006200

0.90310132584967

1.42464759753115

1.04824032702532

0.17247322324892

1.18627822339576

1.44866194217007

-0.22357262180077

-1.17578250603830

-1.49525372825619

-0.67879811379019

-2.06278029622140

1.00041187206153

-0.76592400197059

1.50113223997259

0.70031298307382

1.73306405777889

-0.51010721723557

0.61068906078922

0.21287966525026

1.07220169787751
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0.86149984792485

2.70845792968586

0.78149865320771

2.31987663412026

2.86501990891428

3.68436206428272

5.00534946796204

6.25636586203720

6.09485944539835

6.51577372439042

7.11185456272121

4.64901457893578

5.23323724805215

5.47833901833502

3.75945390360934

-0.38757264976509

P60OH":

0.03451058605307

0.80005392651695

1.34320116575539

1.77210734176057

1.62668857872488

1.06284669655729

2.97276014342433

2.95236493541483

2.20906909124760

3.88316483460829

2.23018961148879

3.16830841229555

-0.12339302991600

0.49361401112765

1.55195807990853

-0.01906090438762

0.42948889827927

0.59328455301216

-1.17143815196282

0.53371538974560

0.15126098612820

0.45471125322308

0.19089199891918

-1.38560063794511

-1.56015742084574

-2.79685149955767

-3.91953003488855

-3.77523908978378

1.39095715210176

-1.56160989400783

-1.00983382007588

-1.99184694790761

-2.36930736217251

-1.11101348490418

2.38359855209361

1.74529755410458

1.51148072999707

0.81347899040950

2.42742426163591

3.69285260280228

2.62499056521516

4.40712741025162

4.15220450579735

1.58610977218557

-0.87791211987606

-0.47595971877358

0.81140034859011

1.24096192476542

0.40711134668155

-0.85808126427649
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0.66295340256457

1.01123530715784

2.41912890299508

3.21837517066822

2.64651244578262

0.46533520768338

1.26065910816203

-1.68131227225759

-2.67563436503941

-4.00241589686933

-4.36677435571502

-3.38370205465596

-2.07031012110023

-2.40850538298427

-4.73461184402996

-1.31954727382838

-3.68165595666872

2.88727431171095

-0.59504107431876

0.83651712224654

4.28809617090260

0.24941500092453

0.93748750629056

1.42499714859674

-2.51277486476465

1.52278041178647

1.38418855320034

2.44468252468877

3.69065868639543

2.81903615779981

3.86648737424506

0.39239818191462

-0.26843988253306

-0.30027175648506

0.34261268822914

0.99158102634998

0.99292363946171

-0.76876389174271

-0.82206704704205

1.45066956117983

1.46473344457846

0.43252423251913

2.99213692285852

4.85033880936453

2.28820274365269

-2.40701978394543

-4.62507919682114

-0.70498339467176

-1.29808723766056

-0.28289860785092

-0.17230073000291

0.22870510695622

0.50066983382003

-0.06494477044364

0.33366879458675

-0.44469807782648

-1.19677120062688

-0.77051112084305

0.40970000458111

1.18231575695020

0.77594535672254

-2.12229300890241

-1.37625163545022

1.41312848096542

2.11264437909747

-0.40342631074074

-0.22025029874819

0.50953239597761

0.31092781417734

-2.29440921289548

-1.51904121110370

1.47755845771903
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2.20752771927061

-0.00363084077041

-5.63318253548658

3.33834149195064

2.06378866298537

1.92792410395683

0.87449338025830

2.32829841956778

2.50250760032681

4.74512686882979

5.23267939218597

4.99511926569442

5.10246751027497

-6.65724409593537

-7.57701514888013

-6.45485780398714

-6.77448398364028

-0.44988845578776

P60O:

P 0.03394731105895

C 1.59247749111916

C 2.26501221612476

C 3.44980512163538

-2.93089461641860

-0.02274035183187

0.39419195589672

4.80240175127440

-5.09698295297649

-6.26764149269910

-6.46949241396895

-7.08658543305056

-6.18390127540780

4.67312625906946

4.40090365832558

3.92572743854202

5.65311108388168

-0.27129356327949

-0.11777787158030

-1.34809775512156

0.15498383218855

0.72865895373935

0.02386018189303

0.61544974026827

1.64589193194248

2.16842663788772

2.22592905132247

-2.54230870837008

0.91561006028175

0.89449777315666

0.93523426436119

0.13647209727893

-0.09996508316877

0.73630941531032

-0.79585857820655

1.05351227196047

0.10705770638484

1.81936997308831

1.37469806909585

0.18656292666036

0.75350681317006

0.10487901000346

-0.81934698611174

-2.95869713478703

1.25175833966857

0.52375115499765

1.18020636382936

0.67220508016191
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3.97382007583765

3.31295870982142

2.13608887383764

-0.17753909907735

-0.93731010590907

-1.04844973532791

-0.38992855621867

0.46997499693127

0.36820117498662

-1.27805913186606

-2.45915684545332

-3.51644526294325

-3.39032250162445

-2.20517051843338

-1.16101952861282

-2.54312974237564

-4.41889611015546

-0.23778296312294

-2.12417320521762

-1.46371011730336

1.04403401360598

0.86078057821547

-1.65235545464869

1.64026632947641

1.65004098375635

0.60903691806427

0.09780754867357

-1.66711056735126

-1.97620550858017

-3.28871556130684

-4.30968555539628

-2.70540714155235

-4.01145923960953

1.01405215209982

1.20222833368138

1.93066432512033

2.48186123422775

2.30768485253272

1.58385604801812

0.78449287771020

2.06468568268535

1.47034728517414

2.75887545862872

-1.18811111389699

-2.47688024740231

-4.82379767138711

-3.49627672476217

-0.72347678866734

-0.51558277149791

-1.17723416362890

-0.65811309891364

0.61464270243351

-0.51073196040558

-0.96646144220272

-0.27839715818429

1.30033910382335

0.86140911189917

0.47262047574430

1.18930237688402

0.65264847694855

-0.62547789670365

-1.34984127192487

-0.80125445128432

2.18931942855728

1.23748769192351

-1.36430179606148

-2.33377772627804

-1.04307523282471

2.19469213861101

1.38650971139304

-1.84203953075641

-1.17000236730893
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H 3.74756092574803

H 1.86127070899306

H 3.95157133368926

O 0.01510226416945

O -4.35589332530023

O -0.42700891580188

O 5.12201300941554

C 5.84055274344802

H 5.23525456680358

H 6.71190559187127

H 6.17310769957548

C -1.18874780158767

H -1.08312624646227

H -0.80258589651645

H -2.24964931117825

C -5.57850704691072

H -6.08522135475127

H -6.20176009050491

H -5.41180400686077

0.21161884506845

2.03298790708875

2.96493983485179

0.10475023512438

3.20944789618786

-5.62379642496135

2.08192485958750

3.13372702934289

4.04731548736982

3.32263045988061

2.83769167642744

-5.98262079721625

-7.06388646923749

-5.49301163968117

-5.73061645648422

3.42754799077374

2.47960944910700

4.02155612133698

3.98436834378138

Structures for AG with SMD(acetonitrile)

P10OH":

C -2.84088280733256

C -4.29925275968747

3.91731720884458

3.78528271488419

-2.08907618731547

2.11235171862651

1.20911694063043

2.75030544904477

-1.24959685102038

-0.62848968713034

-1.10388787619962

-0.46453431379647

-0.39658686684760

-1.09343276293098

0.53913074229397

-1.77779781368707

-1.87858379392666

-2.68174050336536

-1.64828770228885

-0.55024740127743

-0.32602805177808

-1.22042567713664

0.38124456660546

0.81802317261135

0.37685952156005
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-2.01739973421471

-2.79553855516836

-2.39694976561378

-2.63726390674456

-4.91045019924541

-4.34551200009631

-4.88435169842236

-4.08859958850838

-5.94212918414896

-4.95347289025109

-4.10720397345047

-4.54236269035508

-0.98234073624177

-1.99176612260717

-1.53102709193508

-2.63536378598359

-2.45733698233361

-1.64230997668636

-2.42173297248779

-0.70058723518447

-1.38005275013449

-2.85133380956639

-1.80502272665187

-3.31296551451079

2.70443155001876

4.00409224868869

4.83225947120004

1.40481421418763

2.47733655334856

3.80303804324994

4.64140150292849

1.26429302552247

2.37417087099629

2.49478067370189

1.20108393859706

0.34422429511565

2.80682441734687

2.65895079586470

-0.02706192493512

1.43931989762556

-1.56029275136222

-2.81149155375281

-4.08348332654021

-2.79758021570546

-2.80103731143225

-4.09759868462485

-4.96230839402314

-4.14220029001313

0.37641575593608

1.91351035373595

0.40568716997820

0.91213441926437

0.88210524341367

-0.72215450215578

0.73583105317886

0.43192775045850

0.52260012235874

1.98107155713204

-0.66341309969922

0.81707176926163

0.71930359231671

-0.72189871549217

0.49797222641773

2.01437006955931

0.90652081536684

0.55657676813708

0.90096114245342

1.12382318716745

-0.50700711893968

2.36809862501162

0.67344364863908

0.25907983153781
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-3.65539617144853

-1.95693810152694

-3.44129785003090

-2.87056311775582

-3.92760514777021

-4.59414680278109

-1.97156724508327

-3.47867690143522

-3.36217130775047

-0.72329804683709

0.64803102541605

0.96596639077689

0.05998301738209

-1.21975359766087

-1.58886670619761

0.32544066696916

-1.88095415772616

-0.39099564608542

-2.80714284839924

2.26419692150519

2.69169689232632

2.14092715527781

2.58557373897624

3.74959996939614

-2.84426173174413

-4.14190500125755

-4.99770672255754

-1.56876354776054

-2.84461664558074

-2.84338088314560

-1.52484859623604

-0.68893482332696

-1.54043114456649

-0.00307701516542

0.48007709012116

1.10958017606893

1.19438712982590

0.56444534035041

-0.00283984998836

1.66537107883689

0.54554125534687

0.10505937319319

-0.59964758744109

1.55197877410493

2.10114886126725

3.01796328461845

1.37881850469960

2.34387759546840

2.71404470850882

3.00708183736730

2.58211220734064

2.39014550505063

3.77693309672639

2.14105639257838

3.01933525577036

2.63068275303650

0.28430454676226

-1.06724915139130

-1.25201658169926

-2.46650325131286

-3.52407973610252

-3.40141864006566

-2.20983439107297

-4.46211264132785

-4.26097295179072

1.64279363140159

-1.97510610885201

-2.56530769656303

-3.80981225853108

-4.05956998542693

-4.63014715854300

-3.68280684033952
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-3.82866053885645

-3.99924515317526

-4.73480984172085

-3.57655351424575

1.74078662107888

2.19690966336452

3.20940060413101

3.82780130344105

3.40831053593803

2.38336066305221

3.55227019484019

3.89001497154851

1.97123510132271

1.50047958158105

2.32911025938328

0.70912333987699

1.11269909423325

3.11038059988542

1.13388285624201

3.46884871085876

3.95437735921646

2.76570965613281

1.67132907837634

2.43158843296846

-0.43464018605153

0.62616572455098

-0.86953747051029

-0.96760004428311

0.14573947619915

-1.20296847518907

-1.52504511685225

-0.55569147557369

0.76251088814175

1.13593307655213

-2.55426760529844

1.52698621481383

2.59645603509002

3.09534351227148

3.10947880295358

2.46046638077033

4.11826907835659

3.48916425474735

2.67635843921076

3.15107862506076

3.48535703837834

4.52570690553181

-2.26062845906782

-2.16751448496504

-2.95988056417488

-3.18571069969977

-2.53171050362153

-3.88584293477926

0.29305765238846

-0.19441083015183

0.70367770433515

1.50271443771973

1.37129979297786

0.49394015043525

0.76812919055434

1.97888502857829

0.44903424592371

1.82421612213570

2.54203834353316

2.23603822839372

1.74556695678330

-0.06235500319480

-0.25503938507166

-1.03853021888315

0.63820348920850

-0.16149705692114

-1.15057142882267

-2.48475504993079

5103



3.49355023733980

2.36141497476939

2.02165153531459

1.73980033731678

0.62134353730193

1.19127872320159

1.29754399259429

2.77095096496168

4.93012671143944

4.42925238925804

4.13210140602241

3.56398803316979

5.21823585859672

6.15152097289958

5.24283880514224

6.96152123971818

6.52887429340637

5.90187999751052

0.51300657468888

P10

C

C

C

-4.19652367398066

-3.98345064291590

-3.00985026541218

-2.40312099424335

-1.16327379097536

-2.88094848234765

-3.69152013537577

-2.02413466431429

-4.36364763934359

-3.77528966959966

-4.05980791848547

-0.93112233853517

-1.91357699566259

-2.86626068286834

-1.50903638397527

-2.12299697229667

-1.50476412756286

-0.00871749456399

-1.71063419260716

-0.80478114081075

-2.44557731296623

0.04541191013286

-3.49042459999482

-3.48562933887822

-2.85812330360856

-2.33918160939060

-2.91583808791226

-3.21006875174645

-0.61122456568712

-1.35404123205286

-1.28112557273240

0.38742068405500

-0.55673598695840

2.47171550790319

3.53824837701393

3.08387923216880

4.07524863539063

4.27012455823530

1.74128234842639

2.98024540027990

2.45084888148548

0.98734142031924

1.23639367684832

1.25939586118133

1.11724997735718

2.63105141307588

0.38070106571024
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-5.11177435190949

-4.35030997795377

-2.75958638215074

-3.68464943421981

-3.13335616619118

-4.86224698944668

-2.50224361321605

-3.47915760686893

-4.57142988405541

-1.59644606948199

-2.30648440600478

-3.19150946287720

-2.10414338005662

-1.31949089286330

-3.65432391363135

-1.93409853972999

-2.46210383087478

-2.67813204066580

-3.42778724920930

-1.77032611536955

-3.64803912828932

-3.05782925306296

-1.71219408984845

-3.16235371142289

-2.92890688381622

-4.51694471917812

-1.41799132698015

-2.07252483003434

-4.13971840637009

-3.89780199687176

-1.45117337829913

-2.08408635751656

-1.43775790369282

-2.04706228105586

-0.44740800476067

-2.88891328548641

-3.45147695219267

-0.65088206072306

-0.81025378454415

-0.06518155175692

-1.18998588737489

-0.68490179652697

-1.54507952406084

-2.04078731217322

0.49766923484309

-1.49912942179970

-0.37348985728018

1.61811119864688

0.87651643524285

0.75815988077363

0.86609592915427

3.13194039823420

2.87627368373570

3.14411117654699

2.38233302673512

4.21056455826196

2.98130278071376

2.57632936376411

2.77020201559155

-0.69721780204628

0.56440081849603

-0.05812859096647

0.67327089930158

-1.72421950795698

-2.62692851135355

-4.05758573290869

-2.24099781532571

-2.61887053432412

-4.07620434767171

-4.68911066280349

-4.48310039866971

-3.15553478719464
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-4.63707516773237

-3.77542694222539

-2.90838900712724

-3.89200325104897

-2.22669037869081

-3.86106726625973

-2.51754492293995

-0.98572323193712

-0.70514548515211

0.73654438827850

1.15758265079497

0.26402312869586

-1.13794149144479

-1.58515722978168

0.60440232629644

-1.82403130648100

-0.26670658243411

-2.92088925277395

2.52706958569014

3.02074403790994

4.11048821893956

2.73235042372935

2.67770959579035

-3.88134633997605

0.15415256812633

0.87382594437174

1.11745838849396

2.43869759756690

2.03323919177207

0.80841924269720

1.93195613055466

0.28536963419886

0.77324584178722

0.98514477853803

1.75978182881899

2.42001618407624

2.36775006788850

1.57227570661712

3.03616691213870

2.98068056081539

-1.71997355986116

1.47414166479390

1.89034876132059

2.67851793427065

2.66003267365157

2.26437315900059

3.72059023443910

1.96766758273096

-3.73732197201072

-5.09974009869484

-1.72822243031197

-3.13748320767823

-3.55830660373989

-1.27394452937871

-1.10917015803732

-2.16858508063977

0.85668529789855

1.04770371378722

2.14019201205585

2.98435854838236

2.67925694590235

1.64709499786106

3.80721589724141

3.25391199348259

-0.31150441475914

1.31173828804112

2.27126519182889

3.34737568389282

3.26103360568186

4.32376862097994

3.28272298347810

2.23896987154093

5106



-4.85816679211448  1.65040249723859  1.86345737800066
-3.86434215661210  3.06507548491428  2.29766687585048
-3.72360854965083  1.55414721384895  3.24497686443145
1.74682090237320  0.48671918501225  0.08191145002914
2.66133357168082 -0.53771012248420  0.43475598132854
3.59393810710242  -0.98861901071669 -0.49863771378038
3.66355478049918 -0.46503057353206 -1.79124539440627
2.77471281190538  0.55963679408827 -2.12542638237805
1.83542223501502  1.05234709091912 -1.21627171651236
4.27617509462138 -1.78874827142241 -0.21465572723244
2.84171791407244  0.99579863765002 -3.11990505503717
0.99406021343558  2.26709365378899 -1.57716715245904
1.61306800269932  3.53426942869686 -0.96310631353659
0.97640975687016  4.40838213866715 -1.14982760192227
2.59740560907522  3.73193553949599 -1.40745071154921
1.74243546406885  3.42729157459956  0.11861660631776
0.78646413061061  2.47526930513519 -3.07885981535953
0.00808621845016  2.12743406223369 -1.11551707341893
1.71488269118239  2.77145968955642 -3.58202623548649
0.06020943978116  3.27943006625041 -3.24402563946758
0.40973389382373  1.57197240117113 -3.57215775296354
2.62185980751608 -1.21423013949277  1.79505805194574
2.24498737951118 -2.69808366262802  1.66966536097511
1.30753513446488 -2.80008564927872  1.11296095588265
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2.12290022822333

3.02721271234577

3.94578912500873

1.83753273068303

4.22832163714982

4.75901671908124

3.85920346001714

4.67139644716347

6.11456292833354

6.29990344467869

6.82881931829032

6.32320544724862

4.44121347803343

4.52465117638638

4.60076228861271

5.13577506041686

3.41924494443445

-3.43255152303733

-3.06976067009249

-2.50288198179954

-4.47063378121931

-3.38270475649916

-3.14833780348811

-3.26121152512459

-1.06416498607409

-0.71924561233040

-0.01102602641402

-1.59563965770809

-1.48689114658287

-0.98255197601807

-0.75438822219777

0.30504932311449

-1.08042311430345

-1.32166074913639

-2.46556590595581

-0.41143523951291

-3.08622202108070

-2.80922231209320

-2.64059159042783

3.41553859958243

4.46096775298126

2.20045926886682

3.08620193082911

3.85304519760437

2.66336510537708

1.14431854449513

2.55580042161830

2.37927629925025

2.65024634246732

2.04577411686726

3.56490785843649

-2.79897175349606

-2.33007675231131

-2.11951516355021

-3.09586802255839

-1.41499808523184

-3.11920802030286

-3.72674169931797

-2.22921657565817

-3.89534350310481

-3.47428064921003

2.14300616288086

1.08833896606119

2.06640464840078

1.98777069103375

3.14845009595726
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-2.54161661227060

-3.06780218482530

-2.06823000326105

-3.76833690667663

-2.14385121101949

-2.75823739679821

-4.09048698146495

-1.11000251116802

-2.17479323822836

-2.78054189870633

-1.47323723195745

-1.50195201354697

-3.57049847758919

-2.70477973351718

-2.17502583172052

-3.17603498508830

-1.23246661369942

-1.95519368408918

-3.52197562365713

-2.76202807525912

-4.09337326619492

-4.05003550158592

-2.61706743335785

-4.25989995900452

1.57089278429831

3.84288442968232

4.86053538242510

5.30635675235626

2.62304300790485

4.58528248231324

3.53221200002294

2.94249944354467

2.20096396783874

1.46904469324881

2.51206337642491

0.01769259856251

1.24514537511195

-1.38298700836737

-2.71244539929554

-3.84770709251738

-2.96088531525833

-2.62152630968918

-3.98428872681015

-4.78828395480632

-3.64241022645841

-2.66211199683315

-4.27456683034560

-4.78290520057828

0.66118981948741

-0.31001935634447

1.30735032503065

1.13161926849365

-0.38492441027149

-1.05684838586717

-0.57125208984031

-0.19884101988981

-1.39420210257971

2.83283465689685

2.28627963010691

0.64140018501967

0.44865554843484

0.87563897084009

0.32257379568028

0.55491000290340

0.82782344756728

-0.74788460127391

2.03777138845703

0.16930311534709

-0.01681391175085

2.59349667785538

2.59253761205286

2.18646644728805

S109



-3.05299702193027

-4.26422690601250

-4.99990587554552

-2.13501004612097

-3.47769601991595

-3.61652073688131

-0.81058466622777

0.56814223016660

1.00180848385503

0.08744417052073

-1.27937466189987

-1.72339313256535

0.41672370533335

-1.97690886097730

4.57671095573736

-3.04363729478498

2.35587852633866

2.84294422072971

2.53797823366022

2.50201553123672

3.93175960667416

-4.01405585525268

-3.98214308174179

-3.86917685949354

-1.52027126540927

-2.75503775278594

-2.41475090867474

-1.71420806572264

-0.58435593389594

-1.11309295226935

-0.15194657140636

-0.19894299348158

-0.31838899266898

-0.39545349488660

-0.35022053612604

-0.22855968445424

-0.48854986908955

-0.40888630751127

1.93381884060513

-0.16791767867778

-0.34652307862076

-0.48488150160670

0.36120379673576

-1.42290643439859

-0.49821400211916

-0.16323990538127

-1.09658846442685

0.69280154130338

2.36796539359168

3.66598824328654

2.09692212277427

2.93855183506148

2.74968238548015

0.32839380623860

-1.06640831883392

-1.33030902461779

-2.67144342332708

-3.71509344268488

-3.45170308947114

-2.14226246217807

-4.74377107742242

-4.27911551602564

3.34939748957535

-1.80153481151210

-2.85404743754293

-4.19043085810511

-4.82035574488766

-4.64796919809289

-4.10795265609777

-2.85264562617022

-3.42853676169841

-3.52354732474288

$110



-4.98360365963027

1.65965768023444

2.26663356306408

3.35809155019998

3.87364978966699

3.26613364370015

2.17182619099483

3.82574619686508

3.66624563269617

1.59209218763325

2.45356204516450

2.00766485547641

3.46038003766064

2.55332755803382

1.41966040728179

0.60082256267235

2.38659690666165

0.86255767419160

0.87367591569461

1.78623019869288

1.53177401725595

1.08018063601561

2.46569700506753

0.85644677721882

-0.07702957529732

-0.12556819835338

1.11087934194137

1.14737030741914

-0.01003773743516

-1.22497528956081

-1.30572393716996

2.10490360279677

-2.13557214664031

-2.66750892808184

-3.37650989387501

-4.33989870170187

-3.56863166315989

-2.76900381377183

-3.56999572556644

-2.50334951654310

-3.89416043240912

-4.47370484073310

-3.06335881511381

2.40887735115373

3.50018445163326

4.38125263369371

3.82350001615241

3.15115955795156

-2.35793713923929

-0.30208555412533

-0.01298809155726

0.85582553336620

1.43801530372945

1.12919264331042

0.26470749531915

1.07495318745543

1.57049332671045

-0.07525863864030

-1.13192388508298

-1.40757569457088

-0.74015165206100

-2.03722285037096

1.15228887252659

-0.51182433767792

1.55329601468653

0.87842931438180

1.95573500585109

-0.63999171067557

0.40772676958468

-0.06338986897945

0.88175951813985

1.19654556349952

S111



2.78161267878007

0.83726025944157

2.40080215992728

2.95749535285704

3.74578358520120

5.06735141157392

6.31503806991741

6.16908069035802

6.54988999420596

7.18351257940352

4.76621580152103

5.27535516980566

5.61594754014578

3.88499412215741

-0.42990687487699

P1OH,™:

C

C

-3.97278396694254

-3.75555354440640

-2.80982350103313

-4.90293435835825

-4.08859954537815

-2.62069851102022

-3.53169902229445

2.91040246735276

2.20435554732019

3.81625331564548

2.15197524045108

3.15600913726150

0.04809230606027

0.57788451568876

1.61500470437933

-0.02390647562967

0.55508600635699

0.88794921623293

-0.98054301666129

0.86876237611862

0.50929887020868

0.02535321921585

3.43082273991556

3.68338960897704

2.64324953014483

2.86226951258549

4.37885543553345

1.31763932430490

2.36928483234439

-1.69650305626382

-1.14879924250790

-2.18352496408377

-2.46657171366171

-1.23428291173557

2.37095212727057

1.65235955994879

1.32760724643969

0.76712895866765

2.32118985365131

3.61858604805184

2.69657626890718

4.31117595916016

4.14847395100050

1.70493899000011

-0.89155541717898

-2.38313080522270

-0.27907428504896

-0.74868905817488

-0.35245441424616

-1.03929830530826

-3.13165970729249

S112



-2.87467124702085

-4.61396017151309

-2.36341825148579

-3.33079398606617

-4.44374473330604

-1.43991264844075

-2.22566221798671

-3.00762433784334

-1.88594450432212

-1.25021289751685

-3.52796445589766

-1.48155759439616

-0.91741367471115

-1.04977491096400

-1.46330575144758

0.13553599307106

-2.49935821705612

-0.67480101634526

-0.41194167187681

-3.04602636339142

-3.11711776374403

-2.57076112953181

-2.94435552252626

-4.09537256120679

4.32844267251058

4.22003882983368

1.58034446298502

2.55985285882405

1.75682463481242

2.16449733010795

0.64181910926846

2.45944134907674

3.23453580030216

0.33292307854389

0.70472013690937

-0.10991041773048

0.95222689283141

0.47345096228884

1.89551467654153

1.13748322375068

0.11992135504502

1.25177423949718

-0.41108535605154

-0.93240711883233

1.02750867082338

-0.24415237528236

-0.46773471966970

-1.15759217047191

-2.51630630886184

-2.80560939976798

-2.53202349628271

-4.19290025255062

-3.08076615896242

-2.63722736700221

-3.07719786072639

0.78174511891289

-0.34555701604040

-0.29551613938915

-0.92413565332146

1.48080668591609

2.43566881147650

3.88365440764537

2.30948419872287

2.19284347167812

4.21999428539976

4.55948455534523

4.02612230483335

3.25491180182952

4.15452487675550

5.25219174123980

1.79577182455008

3.48246603546756

S113



-2.48058508610572

-3.58318991149278

-3.29907360050604

-0.87173622969065

-0.76731453571506

0.59550156269071

1.09042011605801

0.22177458389013

-1.13577918013894

-1.64756341173276

0.58916754157031

-1.78392971528065

5.54005349130758

-2.95787805884559

2.42571022634298

2.96326244472101

4.02864034524126

2.83548213948571

2.49887046839914

-3.85917407113168

-3.93751506082953

-3.54081607376369

-4.82784293600901

1.47101031514473

-1.86730257190890

0.41164457187660

-1.25548037695577

-1.01770574168915

-1.10559685949626

-1.44141166878374

-2.47696846267605

-3.17611489525332

-2.86842724560775

-1.83580962868485

-3.97618573639058

-3.44873207946844

1.68431039189205

-1.49795981419254

-2.71147341407345

-3.81433367642803

-3.83743229451983

-3.66794462093904

-4.76010657075671

-2.11918906692961

-3.19612143550184

-1.94166899170419

-1.64763947825719

-0.68422926947803

3.37442656648069

1.64703428212896

1.12049123379613

1.57478278002562

-1.26526407009508

-1.18928303326079

-1.99152231445139

-2.83241530207729

-2.87467799579896

-2.09352200678532

-3.46528300294444

-3.52122876446700

3.74256559996112

-2.03100571761701

-1.89797434969950

-2.63930024459665

-2.40349798197001

-3.71899381012023

-2.33334479940616

-2.96084691513333

-2.77134941123218

-3.99479034844716

-2.78744705466314

-0.24794683064614

S114



1.89410848458185

2.60060002907392

2.92916300371398

2.56341986397553

1.84459832493099

2.90711302110572

2.87223756704727

1.62875902499877

1.29045835475300

1.04488466780698

2.13261162067573

0.42584661306528

2.87873868291969

0.79409173682772

2.72732892431468

3.09771590146197

3.75341793602304

1.65466536964682

2.98992725934038

2.81332532728653

3.63622765475678

3.52439164815805

0.97340968436806

1.00316917169912

-1.28025904198479

-0.50266955933569

0.83174258350059

1.38025377138702

0.64871859769399

-0.95114330887757

2.39711120771074

1.23131303274323

2.72343483816758

3.05088826381068

3.33489978514178

2.93118148241500

0.95816571525941

0.70279578132743

1.32303086801087

-0.11434266837680

1.46896563575506

-2.74849342956863

-3.51112362632721

-4.58825158747655

-3.19643036209491

-3.33743446006857

-2.98116062659523

-3.16641853371963

0.96237114252875

1.87717796652948

1.62124202068609

0.39606506449581

-0.55478832990999

2.81906125895288

0.16771368666379

-1.94168439589776

-1.93724708714739

-2.95336163862095

-1.59439492406547

-1.29592252306549

-2.79507863239355

-2.41650649803266

-3.81752528696855

-2.84081732916559

-2.37483645629180

1.27913809396085

1.24141054905479

1.34333797992096

2.06986196884037

0.30347792140633

2.63373718630955

0.50327709571523

S115



-0.01121897074607

1.58033700038586

0.83521073038562

3.66268441406258

2.77837795773651

1.83876203834903

3.29710628024573

2.53475027261723

4.99912474579326

3.87241652241559

5.63398062500385

4.84503827841616

0.61200235357339

0.98553411087161

0.71496020550723

P1OH™":

-3.86553832756691

-3.34478981637655

-2.90908456332068

-4.85033984167919

-4.00225827326772

-2.67907423747229

-3.10417129068047

-2.50816118112735

-2.59778584234944

-4.05641184346912

1.66112435400853

1.89464216346133

2.38725129099085

2.53050242745143

0.94575712133427

1.02529104532745

2.63764917615891

0.85004953309781

0.06637942379284

4.15548162820429

4.51186043387486

3.20013981745235

2.79063562659446

4.09404658256919

1.62400905487000

2.55646287692510

2.89540404348900

1.47803982975797

3.93787303377490

2.68645071060036

3.46141733659250

2.79538091478965

2.65330188480225

3.88653644214865

3.61288394613525

4.61324906407878

4.37949170129949

3.05409017590075

2.19609471254000

2.17857082602319

3.56195061822305

1.41612875146165

0.59974855062954

1.30851182999342

2.64656768442367

2.04241312310730

2.37571649779417

2.21773203098654

3.72977811825224

0.85850727330599

0.54112630850190

S116



-2.40006975125781

-4.05476712809122

-2.14413367419916

-2.69435027119310

-4.06138808900541

-1.16339147918815

-2.00666329097287

-3.32667098326690

-1.95129928551294

-1.58956900004345

-3.63592644519244

-2.55109334708054

-2.26057247132536

-3.14945716473927

-1.20713820392675

-2.42947303632165

-2.96764659829264

-2.91675598120582

-4.20085127413519

-3.22528991349443

-1.93889548128271

-3.63855703810023

-2.32775799067831

-3.04819691013939

4.36962180356737

4.90883936166873

2.78154789224238

4.86287334986133

3.74695721995567

3.00771719258012

2.67212171748172

0.70122117355193

1.81353549762424

0.04515043110360

1.22331709364712

-1.51351160757182

-2.57382400982595

-3.80187644068569

-2.87077596939367

-2.16819819452375

-4.38666517524468

-4.55325870941490

-3.51245405367791

-3.32558213692840

-4.76221408090905

-5.24249817054507

-2.10103171699846

-3.73704393217067

2.53396936040926

2.23040099424487

0.24818297058904

0.11756729692811

0.03453543070504

0.68383333795612

-0.83345960000891

2.79342493973826

2.87654678640697

0.50455569176772

0.38381907182307

0.72150219072944

-0.35393795529983

-0.13709314029045

-0.29067641631400

-1.35589961871039

1.26309991432443

-0.90156065834491

-0.27967797611870

2.33217727827602

1.36750927338117

1.40744227691771

2.13045000433174

3.33341432568520

S117



C

-4.27857057180292

-1.27670299579536

-2.53030604868026

-3.60063800930164

-0.81783385802177

0.56464024302722

1.00089848015374

0.08428974859175

-1.28377606410932

-1.73421684925349

0.41983968359640

-1.97882982802635

-0.43040846820652

-3.04289361174941

2.35095026080040

2.85418371861653

2.53970994922551

2.53165538893998

3.94158550299906

-4.04357219212995

-3.93069784756434

-3.99375707862747

-5.00078853966356

1.63636638858959

-3.01254547853224

-2.39848555309336

-1.35631487955301

-1.19514435397367

0.16547906294064

0.17752558330069

0.28065565513683

0.36656105343997

0.35176526353968

0.25307966555194

0.44406466980447

0.41810818541136

0.07756089971335

0.23198841972478

0.28222546766876

0.39165652284637

1.33271921622118

-0.45564905993902

0.37869487772870

0.24341569880062

-0.62250947559360

1.17216508297836

0.18685503791710

0.07228651032377

2.29356535400541

2.23247402420087

2.90714460977290

0.63169649365428

-1.13365556465481

-1.38057548015642

-2.71769195636863

-3.76319221524200

-3.50972029617252

-2.20157235255661

-4.79106861093439

-4.33861564703855

1.61344273517985

-1.83095714122064

-2.88983130635592

-4.22659061807001

-4.69536720903527

-4.84480209742167

-4.13235142825659

-2.86150404742720

-3.52405349251549

-3.44145827790048

-2.34096269048166

-0.33476082268591

S$118



2.18581069233793

3.24728479395349

3.79498423854275

3.25409419136264

2.18896486424802

3.66691628917245

3.68281673916579

1.67649756712360

1.46217412676064

0.95253446456459

2.41442347858694

0.85287954497091

2.63289333075760

0.70962454527874

2.77062054719119

3.61618719347652

2.23742019629299

1.67516548001885

2.68613276141833

2.90435199410898

2.29081973966665

3.62873392818405

1.35964020860193

0.74865237425892

-1.19367670225079

-1.26367730918758

-0.12134080323248

1.11723436360567

1.24217975608066

-2.23676244826176

2.01234513905410

2.62408114458921

3.51334806960529

4.43875212236465

3.79581119776588

3.01186272299169

3.30509076762260

2.50192847290100

2.69988450184781

3.46093364178129

4.28354818135507

-2.47030377147007

-2.99428894149339

-2.24016261649499

-3.88669280653057

-3.26844189188893

-3.55618999121760

-2.23162805451494

-0.02100307745067

0.87907873169784

1.46325799597079

1.12867191230306

0.23355905021579

1.12158505165323

1.57287856024727

-0.12806752058341

1.10287021711838

0.81150914713123

1.56513890271586

1.86331654480802

-1.11911974336528

-0.62961341629808

-2.02104065403538

-0.65899772706511

-1.41559081341381

-0.66338802848090

-1.69450559352147

-2.45761991289003

-2.19349726528369

-1.20558547932461

0.37292140990351

-1.19794198703260

S$119



0.69730566010444

2.27261952261962

0.86818038737225

4.95076985742187

4.55705291050192

5.38070306011698

4.32533844444819

3.67764148135686

6.19018814530183

5.20131647264289

6.48498029676158

6.00222430984376

7.03449726112866

0.47857328293640

P60OH":

P

C

-0.13156171798618

0.45984728037144

0.14391652754448

0.74622769825990

1.73265700804864

2.08665768837614

1.44584983399320

0.94956224402645

-3.18119681176276

-3.93058940043469

-4.40758364359745

-0.22482569939784

-1.02617890644510

-1.03541530217968

-2.06607332639678

-0.59324795803889

-0.83342174733183

0.79658086735615

-0.26152982448095

-1.86830655529613

-0.84028888499345

0.05299911843909

0.01533358800677

-1.60789280761272

-2.09191820882395

-3.22544270323591

-3.89511646805823

-3.41418089902240

-2.28544175216758

1.38587698987238

1.16073072825538

0.84939829356893

-0.11164356349217

2.43704250596089

3.68446264115022

4.40752482639013

3.42571246212737

4.17409071914554

1.76887598224865

2.75350593598945

0.88201559739021

1.45971048074047

2.46770631871149

1.22987710947610

-0.95081782213235

-0.45921272896753

0.82695208425269

1.32951644266797

0.57744948660626

-0.68236417988319

-1.19822492592371

-0.56845489395819

S120



2.10392321934024

3.05451730866039

2.88554530673060

0.82332932674847

1.75534833938869

-1.76808463400798

-2.29005162507448

-3.59918302120025

-4.47178870462543

-4.00382954504143

-2.68327001177871

-1.65415829546885

-3.98016292547141

-2.35467316901417

-4.66141036317879

2.25392251970862

-0.01551700909051

1.60741588812015

3.93619728557411

1.72058101763348

2.84599240682511

-0.58382463783921

0.48466315548184

0.04423207058348

1.61568600834866

2.54615620093930

3.28741235468886

2.10780689575750

3.06055987168438

0.29547347461329

1.60902323187364

1.80985713134072

0.71744099566349

-0.58017399471857

-0.78710775120400

2.47394346677525

2.81754268844108

-1.80216995349433

-1.43803328480086

1.06481879871032

1.91406328529311

3.60369365832735

2.71888686679099

1.93687722000324

3.90604533835305

-1.56493746198772

-3.60448436603442

-0.18183004917352

-1.35558560739837

-0.96814751198308

0.20585037235373

0.63485143582045

1.01140379201957

-0.38197621468061

-0.20464398667841

0.16637738191633

0.34789261389290

0.11229527459901

-0.26378554238892

-0.36694722244078

0.30996814262971

-0.46671736352769

0.20386987917860

-2.27927670968013

1.29732713961877

1.93797719893477

-1.57951078380643

-2.18808904739263

-1.28019461198954

1.43902068034958

2.31331804699185

-2.60264818202886

S$121



-5.74737322139343

3.86399104821752

2.27767104270444

3.29954281917847

4.16493944658859

2.91567467243246

3.60031215420061

3.72311100885031

4.59457078311824

3.71828471860356

2.81025517784199

-6.66928257728023

-6.81420469268129

-7.61435881124128

-6.33433163800789

-0.13367639697008

P60O™:

0.06548436006136

0.43910028753422

0.71227833311355

0.78424779807706

0.59957176831215

0.33162754390133

1.03429553193536

4.18907211896115

-4.98810068349011

-5.69405657297110

-5.04849336142497

-6.09565920405420

-6.51873577570337

4.97143854862736

5.62815093268035

4.33596737017560

5.57935647717315

-0.04658345728203

-0.60094246754923

0.41159938559296

-0.73427342513192

0.65498915622445

0.08859044474212

-1.56083976944064

-1.84696446876808

-3.18410061776833

-4.22876349210317

-3.95754445121261

0.71586282021849

0.48991093305072

1.17269754017259

0.45673171927492

0.26191761548561

-0.48932021124350

1.10534701598485

1.68270686890580

1.71046898847631

2.57702903145942

1.65405256157141

0.88877815652794

-0.04743829548383

1.18691840445478

1.67606945740502

-3.06536409753234

1.29227558057976

0.71396009280330

-0.66317870916085

-1.10521030976478

-0.21385487163522

1.16096690848283
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0.24433327744705

-1.45772775555642

-1.55361767116164

-2.79487814522031

-3.96190516253781

-2.64784285384481

-3.88649606527704

1.36784864509793

1.12036605578791

2.11987424116267

3.40320777464600

3.66895946711675

2.66142065445096

0.12336497238744

1.89052215036624

2.87988574444465

4.66959188848571

-0.65759591860577

-2.59438763699685

-4.77508255194650

-2.86879848918837

0.02248966392218

0.20421439026308

0.92343516615293

-2.64645294902124

0.59485362348245

0.73229328631910

0.90489407432523

0.95738876943225

0.64662558809234

0.83352313500234

1.16952350926442

2.52765220026747

3.39619039867393

2.89181158197876

1.53075319273945

0.68392923259926

2.92563903341985

4.44628656438983

-0.36970204800954

1.15511597054034

0.74897773693729

0.53778655581942

0.88558943864616

1.01806788898479

-2.44055398115358

-4.78661839534467

-1.04608615505904

1.58908398167030

0.47609183977424

-0.93941161689427

-1.54618641246185

-0.78425837392509

1.22063221948000

0.62253313888498

0.59739947819879

0.39448246347682

-0.03950428605241

-0.28285747231875

-0.08333983028571

0.35375357447939

0.57495158927581

-0.18166710608812

0.51084607418343

-0.27967532900360

-1.55312866426698

2.30207384066453

1.24179066231387

-2.62557841188544

2.63496111941867

1.85134770699193

-1.36515210989527
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P1:

0.99756659446632

-0.02474076887246

4.45220258531503

-5.13061160304056

0.65255108869152

0.92381376125291

1.90501534549185

0.14876077103785

0.92535400981791

-6.34116906798176

-7.14033534306537

-6.32959247741432

-6.52809142332409

4.23247599488440

3.47960309284867

5.19206363220596

3.92638225999047

-3.17451218134849

-2.90336874942445

-2.26215864973027

-4.22447352380765

-3.03045214248148

-3.37742850507999

0.20099438060840

3.63944253195445

1.14179787158731

-5.56466428797972

-5.89284612532809

-5.51332099838271

-5.49791944634049

-6.98392517920574

1.21712678437935

1.36489509381992

2.06489561915018

0.28870853312494

5.04079057216472

5.21156080161076

5.44416505729787

5.53888879564293

3.27147574693718

4.39965977873980

2.07110552986535

2.95412126650407

3.62483084160149

-2.15221947868212

2.80374473056911

-0.71429531023265

-1.47984816812899

-0.53553699696547

-1.89635234462089

-2.21381850380893

-2.56786278613386

-1.95118276376697

-0.72492770208345

-1.45470427730411

-0.02706674255737

-0.16925336323910

-0.92555768077080

-1.70490751918594

-1.25403367373665

0.00255461610791

2.67224535559998

1.67672913202315

2.40310911747149

2.58649078792278

3.70156908685530

S124



-2.42223109444097

-3.03616498969246

-1.88201346067622

-3.58696882162201

-2.12797441109725

-2.79636787606060

-4.08086255118305

-1.08063710120471

-2.25869992713992

-2.46697951281902

-1.21439869352649

-1.33293759729434

-3.46418418146690

-2.64910627808090

-2.23042909900261

-3.30479993541914

-1.29371070509793

-2.03268958173822

-3.61659272526052

-2.97549195838961

-4.22180257060566

-4.02425035923873

-2.72120030254271

-4.40880696757909

1.55325678168949

3.89688601562927

4.77887039415073

5.24020088838413

2.68972710254846

4.69975074805396

3.60638887914619

3.00053637133488

2.34991761657603

1.27381888464243

2.37157056384384

0.01181400507362

1.23199698734236

-1.34269766546295

-2.62811683080873

-3.71241511201434

-2.99963788829012

-2.42618871075291

-4.00540976239125

-4.62627151630684

-3.37545238326687

-2.72713116049078

-4.42766897785295

-4.76098131699716

0.96189193638711

0.23884140932660

1.83289789735808

1.85291541908828

-0.02360447276109

-0.47064325248852

0.05130393132078

0.08439279810534

-1.05557874327540

3.12776924433697

2.55463010072358

0.74625229222832

0.81457451050108

0.85002518159741

0.13050650001185

0.26376868565810

0.56778827106462

-0.92903889629314

1.73197583419507

-0.24784761312755

-0.24261474829304

2.46522230005635

2.21266193308184

1.81170210927023

$125



-2.95335773607960

-4.20596270630800

-4.97088039476519

-2.03097812794366

-3.28827871748577

-3.56291461222507

-0.84966808443802

0.51729181642945

0.91408123630130

-0.03629004132256

-1.39388324128397

-1.80008656083433

0.25492310349126

-2.11613113418342

6.47114580869842

-3.11054172419934

2.26352352437352

2.70821069860430

3.79914771022949

2.38507907323627

2.35086301056529

-4.10240205990944

-5.06165935796696

-4.08350741339629

-1.63888036496186

-2.93567405586852

-2.35547052612518

-1.96842895422866

-0.72905543315805

-0.96355697599929

0.01854094289180

0.01282116019249

0.03510985047830

-0.02514291588316

0.01261363999171

0.03554751368794

-0.04364468854610

0.02390866045484

-0.39059602684970

0.08154852781917

-0.06529568338278

-0.08779031656531

-0.10807999228022

0.80932555825812

-0.98297643830301

0.15446036644147

0.20348601783750

-0.73624444077490

2.32728827450198

3.52758153223393

2.04583088504147

2.82953649211829

2.84015468936253

0.37618265429901

-1.04535112680014

-1.37111862099155

-2.72560883240950

-3.73911706214936

-3.42256100569296

-2.09300577335289

-4.78333251140372

-4.23096770624297

0.87520536585775

-1.71677939600547

-2.94901138330372

-4.30664182431312

-4.26083271134947

-4.85127183127944

-4.83270573264538

-2.74336492406887

-2.22364387766280

-3.38463639654435

5126



-3.97573358355729

1.61589896128657

2.21657933511532

3.29150240179252

3.79424631662454

3.19306156234797

2.11856904827461

3.75922582399936

3.57815562268344

1.54457771258706

2.42313586646889

3.42430208630569

2.53430679730419

1.98346389389675

1.35934771971908

0.55845340130458

0.80716862894255

0.80186954500786

2.32187580067334

1.75586113491528

1.52547436426469

2.46983788945885

0.87272083651287

1.05786334764626

1.05510235771485

-0.01421726742294

1.19735022063111

1.16864335930807

-0.02442371872658

-1.21680884707768

-1.23440650662101

2.10398814587924

-2.15919823594418

-2.56873562413066

-3.19595124333398

-3.41537592206932

-2.52174831186623

-4.13628777349156

-3.55389783986467

-2.37546048383983

-4.43720385363389

-3.10232489453515

-3.90320945192681

2.53636987065103

3.57356673555674

3.87926422440321

3.18370472287464

4.47393143457862

-3.35814387816611

-0.34891986011081

0.03904884857320

0.93347339596387

1.44340184797731

1.03781908447399

0.14902809068720

1.23457955579134

1.41947461031189

-0.29512926720003

-1.38857864010992

-0.99665234946893

-2.24426212305771

-1.74252479710517

0.86502895141892

-0.73203166249542

0.52376281404967

1.69366376385995

1.25553728793156

-0.51072371914744

0.59611878149327

1.06081106999080

1.38515987352551

0.18060692903985
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2.75674063629403

0.80225291039958

3.72853553026035

2.39353876729670

2.90990789002092

4.96107655049445

4.55142569050250

3.70597876606775

5.38648214821419

4.25739681961890

6.16217602887551

5.26523979221111

5.92188426850926

7.01600114984341

P1H":

-4.26908909690672

-4.05553281818272

-3.08352673154922

-5.18240045749527

-4.41331591221263

-2.83883780351123

-3.79956677048485

-3.19163581507076

3.07754751437195

2.37449027967813

3.27288814811439

4.01946166136352

2.36328289491697

-0.02752118917975

-0.59444650223041

-0.03988999351372

-0.53573666252228

-1.64735122922675

-0.79555195099202

1.01828596893208

-1.85659965627297

-0.73113869966534

0.15170012051237

-1.28568224709456

0.65177694315767

0.20651299145252

0.82189597654874

-0.29281527604754

-2.21502356028646

-1.31900974277843

-1.54274175211185

-1.02641703812863

-1.07266566646911

-1.97122062161757

-2.35831592937300

2.41137747653447

3.77689776941196

4.19924594900802

4.48488002763780

3.69095738839957

1.84542570642167

2.55592537946930

1.70937852649293

2.53005151745242

-3.18161013502653

-3.65373701354375

-2.35028956015332

-2.57200523569704

-4.03768553059564

-1.15871902581346

-2.46759226379359

-4.33402628960526
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-4.92677292777156

-2.61113857015304

-3.60752511892960

-4.69577076408295

-1.69563113791190

-2.47018360221260

-3.28183792717837

-2.18232361841741

-1.40485190767323

-3.70861372525760

-1.71655822816383

-1.27657994807578

-1.48381394267111

-1.86771867193295

-0.22402897463869

-2.93062288661581

-1.19509776498007

-0.81617573188322

-3.34955524683099

-3.59326247228989

-3.04821814895410

-3.17233440531491

-4.39668414142279

-2.74156026676159

-1.63046924789867

-1.73859776040806

-3.23790211312345

-2.25313101047808

-1.78525141894087

-2.40373653658508

1.66999050126009

0.68930220379628

0.30737551707328

-0.26277268377824

1.90140478287275

3.09389715281678

4.40615415016990

3.11399588424173

2.98260996883743

4.55945526999874

5.24494756834621

4.42671782356369

3.36951804617095

4.62461032970924

5.49429486870807

2.04598574030344

3.46810611977822

3.34997274691811

-4.22400313369343

-1.62818892023522

-2.81357099283648

-1.83135386832538

-2.23288611060071

-0.76934055477187

-1.99875894636872

-2.97877308285539

-0.17653026860075

-0.49037617199279

0.70160634313888

-0.16838892974603

0.59225866497461

-1.09326508693286

-0.45673502373566

1.06134123684474

-0.05276903015392

1.46565452330904

1.92394439380312

0.18584350943635

1.62298059383837

1.17394365025751

2.23496101058920

2.84002500820208
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-3.84217764013658

-3.45117524564215

-1.06033055887446

-0.72109006579359

0.65133961930787

1.11957768540396

0.23664817197293

-1.11842308484131

-1.60147512139297

0.59097697775948

-1.77901424352893

6.68929460954117

-2.89647804773498

2.45802493345780

2.97986779201057

4.05097256387862

2.53006511351749

2.82205790337501

-3.86711432926516

-3.88403206257305

-4.82892534405134

-3.66462048657167

1.63850885420113

2.00466163023924

2.03291878811439

1.20486370112382

1.84905732614052

-0.97504966370383

-1.26268254529582

-2.34282847140998

-3.08688724789566

-2.76777921887091

-1.70719011128636

-3.92032496643779

-3.35379782073106

2.44541270888732

-1.29567049208371

-2.58276485291151

-3.68858210230611

-3.70466231902382

-4.63504575552174

-3.55559152178685

-2.07485143261855

-3.10800155272113

-1.59869612629557

-2.05985189041708

-0.44401733737809

-0.80811470847517

0.30360189548875

1.81719896542996

1.58417710747128

0.89560113529358

0.87412732391897

1.64460285650955

2.42543019352454

2.46997410370958

1.71412168726718

3.02137057206786

3.09835055315491

-1.88465131159252

1.69213597303769

1.56740602227032

2.31270202363622

2.10280152543920

1.98681835654921

3.39047929652012

2.40763255633883

2.04125117729067

2.20987576917416

3.48483337450331

0.10721165280897

-1.20033075887848
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2.96465046151796

3.56265328002759

3.17922206463864

2.22714698532400

3.25682604052949

3.63585216825577

1.87873688796050

2.91195518295408

2.63936093887429

3.90421408088359

2.98309362201351

1.75200311503533

0.90736095137763

1.11898136005367

2.72904970548799

1.30844335715786

1.39111152384813

0.93207273924019

0.36608147613641

1.78409764579497

0.28958207274875

2.36899314236577

0.50609862845927

2.67059022109755

-0.04315043315181

1.06602778539629

1.41268684572591

0.67824840478760

-0.31634468766519

2.27832321019901

1.07082886023381

0.49877756023927

0.75173650283922

0.92060142711775

-0.59052625074593

2.58605194202777

0.62279346921013

3.03834357305745

3.08120743234093

2.80346143979871

-2.01452792210827

-1.70216855972114

-2.54843986889952

-1.52824502808516

-0.81496692645185

-3.19870403968180

-2.31200741108466

-3.46339185746572

-1.86794000857399

-1.27480241119367

0.02158417242465

0.72805644499390

-2.87960278093570

0.49451440258749

2.15464815775832

3.13761878457553

4.16907069151291

2.93474293033557

3.05627285197480

2.34519885824464

2.39529655636537

1.57500770071159

2.31273145099933

3.32345364451129

-1.88923271991888

-3.31871418032912

-3.72454757263450

-3.98525325961597

-3.35107593996853

-1.88767766363324

-1.31336457473636

-0.86887438388220

S131



3.27281943483892

1.90515200172075

4.59328296923915

4.09240743919283

3.13720049202322

4.81923684682108

3.94858463911226

5.94175793900942

4.74236834368660

6.31422706353540

5.85662359114687

-0.38481733333112

NEts:

N

C

-3.83536830808378

-2.83552695173414

-2.78575273414452

-4.92151571269585

-2.10111752209437

-2.10046616807891

-3.33071505694201

-1.55642174367921

-1.37066514863019

-3.20664203680537

-2.95222166721156

-4.07786247454347

1.88598585016459

3.31538942862979

3.31506701032322

3.87933569213052

3.84836455922205

1.90281641054183

1.40626401927311

0.88657005602723

2.40158394504625

0.55313029777156

-0.32361304965395

0.75906109632401

1.39142129527829

-0.08281518834760

1.05646357546853

0.49466694147827

1.67383134902744

0.18100652553829

1.85710607144034

-1.63453792835827

-2.45832598411124

-2.35031115117082

-2.02475438391977

-2.27019067318845

-2.80716387367649

-2.86625879334463

-1.32275986331770

-1.29448538428573

-3.00158847779128

-1.12375575703449

-0.32187421094034

-1.10466661874222

-0.31016144590796

-0.33797965705460

1.76032691608525

0.65197571973368

0.97362750128806

-1.10942761614005

-0.68598657557669

1.34383891489068

0.81009706786908

-0.07968276929080

5132



-5.67911092853422

-5.62778569793905

-4.55146360122479

-6.01866230157981

-6.56225340524810

-5.07464971130418

-4.07302396755460

-2.26658765957336

-2.93728872905742

-4.35023884594896

-3.51647005996925

-4.99102370917783

HNEts":

N

C

-3.85608882095553

-2.83310098029536

-2.83709649190174

-4.98667175090305

-2.14189962313671

-2.11775035966191

-3.36128743211498

-1.59649478552941

-1.41406231547932

-3.20639544863356

1.21415149863308

-0.91674284606877

-0.09751080385333

1.27492432523595

1.25381923417850

2.10088361526022

-2.80260368708750

-1.65321527977061

-1.78032286792773

-2.69067908602310

-3.74031314837125

-2.89885164240079

-0.33348905054840

0.78442205707432

1.37217357429948

-0.08867789073996

1.03958548290413

0.49028484011495

1.67428494593621

0.16298235487587

1.84150498554188

-1.68279910288550

0.40040793485543

0.56741955251272

1.69664120942292

-0.64033279749399

1.04726759328811

0.61688504124227

-0.53892212461796

-0.64625486744979

0.98483713656516

-1.59337614817175

-0.42955458669816

0.04912400064840

-0.32708848676941

-0.37776702594282

1.72014708258861

0.64686421005349

0.94421992507261

-1.15112678919386

-0.72836654984009

1.30472055550409

0.78751709479572

-0.10543673009409

5133



H,O:

o)

H

H

-5.69120886029441

-5.68336078306863

-4.56077109293573

-6.01769760131732

-6.58260687617072

-5.07054557219272

-4.10991408123828

-2.29401279135278

-2.92971666320373

-4.46568791883758

-3.52558158896468

-4.96932151515870

-4.27812664665286

-11.49990406365621

-10.84261897809567

-11.44210695824813

H30+:

o)

H

-11.65486278605310

-12.06680227381756

-11.05783740226677

-11.11402753786257

1.23065641349445

-0.91929995219093

-0.15401967893908

1.32495546140039

1.25861701198403

2.09248029881514

-2.83084837055021

-1.68389052764411

-1.73654297922258

-2.71201355752812

-3.75470332363158

-2.94939000269102

-0.36178298986934

-3.87656853033145

-4.35187030840275

-2.97245116126580

-3.80223887397371

-4.10702333974243

-3.03750292948147

-4.54158485680238

0.40709975997386

0.51475892212143

1.65163122552313

-0.63453830700353

1.04091261520688

0.66610568184070

-0.50922047341489

-0.70879690486476

0.95050603530754

-1.53877992101930

-0.46183586422598

0.15520040302848

-1.26195645864782

5.10557795690026

5.62867516889487

5.43864687420485

5.00536166311131

5.85146626009242

5.19894292754545

4.63170914925082

S134



Cy~

C -11.55826107550658
C -12.91212497774608
H -10.15898877963356
H -11.42272668525368
H -11.56219987402621
C -12.91371290265710
H -13.08925398360532
H -13.73236524088063
C -11.61468302128627
H -13.83145236491277
H -9.48816806271803
C -10.67912202140408
H -11.77524603238634
H -11.11955995859261
C -10.38682983379901
H -11.16368124778352

H -9.74098393780807

Phosphinous acid from P1:

C -4.38284158385096

C -4.29519016729309

C -3.15627156435285

-6.29339074108069

-5.77028640141244

-6.54153586991463

-5.94028055146451

-7.38891707147052

-4.27632187188180

-6.16226557026910

-6.16492284601387

-3.57006573215730

-3.71829983525423

5.71352491289830

-4.44422968060243

-2.59499173049197

-3.34676363590358

-5.79796343462665

-4.61684190074956

-3.91587821380834

-3.39144201922532

-3.48145203941038

-2.67975186113326

6.11769132787699

5.61636895193713

4.46864855365806

7.14818518696066

6.15829929504803

5.62430711855419

4.59731973886363

6.22951689835731

5.40898534193242

5.79435562875549

5.86581277227477

4.56320903847428

4.93068320313248

6.37285695878042

5.24232319562937

3.59338097267028

4.35692581709442

-0.52149729000459

1.00289835197997

-1.10027906390101

$135



H

H

H

H

H

H

H

-5.28982907386916

-4.47330397260487

-2.98116634059691

-4.11452301030327

-3.43693751928214

-5.19220559499953

-2.89089042200963

-4.01657084341224

-5.01161959499178

-1.98407238709299

-2.80134862449771

-3.24216187650228

-2.25787474666280

-1.47621850956232

-3.85581723992100

-0.18049443230711

3.66144990499506

6.70870415468765

0.11812003021285

3.97205211360898

2.45524008679934

1.44321351665501

6.07462463055272

1.47973449494696

-2.83592869500749

-4.39373814753642

-1.28293719947357

-2.09523962484948

-4.11297302480430

-3.96630130355558

-1.37664760985036

-2.17389086529573

-1.48994751941421

-1.93117870362640

-0.37539789292220

-2.60447449527094

-3.27968640494702

-0.48067121959388

-0.67044165304084

-0.46564241408590

-3.69083940275690

-2.47505997002432

-2.93494434402941

-3.97776663520900

-0.83799620196987

-2.99217111105374

-0.85922969016035

-0.36312297742464

-0.80239670889983

-0.95966183815684

-0.48235740362176

1.62317303135742

1.27742813289683

1.40884558289476

1.04395434216672

2.71366120386413

1.42479227026084

1.32349836280231

1.48290876135311

-2.19250740568727

-0.88960801023918

-1.27014238586720

-0.74245975488748

2.06906657411310

-1.72467233959792

0.13526341873554

1.50455555173088

-0.00179754050492

3.58184709327999

2.67921436952394

0.50651634419181

3.41794683644346

S136



4.75449021441487

5.79929019742327

5.41634767980727

0.87044706416205

1.64123966711629

4.39557468369419

5.19527929014645

5.28883859577218

-1.20113529454324

0.07755353045870

0.32695429958620

-0.68850987754359

-1.95651897981414

-2.20986164839057

-0.51186826880047

-2.72504303048536

-0.19145228355462

-3.41720783928782

1.60703324287274

1.91100455274957

2.96934216436782

1.31662371943968

1.74769512534725

-4.47724952797490

-2.07852578034596

-1.91164677192412

-2.28452463960365

-0.52489874716307

0.71303697964634

-3.55827956072778

-1.71533872411433

-4.14090828136800

1.01778159647793

1.23640937071120

2.39400195182133

3.31539552253789

3.11418747663352

1.98196335974664

4.21002946886968

3.85777757121421

-2.59946286920655

1.73321909948820

2.54009853668412

3.71354352841509

3.63419920784686

3.76189621767858

4.62420500143399

2.67645699050794

-0.73579353277984

0.37490678262807

1.33221582379043

4.31535453194556

3.29847268032596

-0.92208101706558

-1.67423023726720

-1.17599926834199

-0.21754650708430

0.31313737760385

1.07887789829921

1.30912693468574

0.76254604966426

-0.00069454035720

1.89550509721136

0.94068012298610

3.22036357922075

-0.59878768421869

1.53225869812435

2.28967746009441

2.54635365758345

3.21142986320076

1.69869119310522

-0.39689376238588

S137



-5.33286977405786

-4.21199317202205

-4.73332695095021

1.23839676261880

1.59572163652457

2.73110628420682

3.52176480567009

3.14779628481688

2.02032098886544

3.00886354946641

3.75700760469349

1.68600001644046

2.69303285861288

3.70136251639010

2.72983819968559

2.41589829880266

1.61009471363834

0.69755602113977

0.92377655336364

2.59209070446743

1.24798454654979

0.78948545015226

0.52600527680949

-2.15163482135477

2.28001356571562

3.66321258081844

2.75951704233456

0.33307473662887

-0.69293751493515

-1.45975873282017

-1.23754449052016

-0.22109104617306

0.57208095003992

-2.24967969297578

-0.03993890227884

1.68316658130025

2.83535323816569

2.50238057073876

3.21809014376834

3.66154490219979

1.17678563047092

2.07742197572653

0.32651324213150

0.86069796485018

1.97350426354004

-0.96428283479552

-2.45935788232826

0.18192342757074

-0.94690526853968

-0.79577001997843

0.66623646881679

0.03035681195440

0.92634204782600

0.66066200879830

-0.46750798833377

-1.34305567394731

-1.11421006149394

1.35428777742327

-2.22643971318050

-2.09549848293381

-1.97253415502192

-2.24733085327386

-0.94626069370547

-2.63808309805172

-3.54087500689879

-1.83494211705157

-3.62700651046400

-3.91053284739256

-4.20110936365947

2.18457062495480

2.40351887408310

-2.65620174224596

5138



-2.89644544303976

SPO from P1:

-4.41703192100409

-4.46455743987267

-3.15765962364890

-5.30414060013746

-4.44867841377993

-3.07214892359882

-4.37755883141266

-3.61961061867646

-5.38260113818854

-3.12448784132745

-4.37549131501796

-5.26726810645047

-2.23270200840052

-3.10694062911754

-3.15175708400038

-2.27154494525982

-1.53895659601444

-3.91421359738710

-0.27222947252371

5.02948350183082

6.00240614634441

0.76324992043827

-3.34162814080896

-3.34418594699148

-2.63743140214151

-2.82184956826684

-4.36797625489146

-1.20282425751422

-1.92057761598929

-3.93361287943580

-3.83200525296036

-1.19827989116077

-1.93462830075558

-1.35444999802472

-1.70643990890060

-0.16928374801689

-2.62099344819628

-3.20536114655182

-0.42712880231662

-0.61947087084682

-0.40438813633194

-4.45168509271260

-1.21968772592397

-2.42582040317953

-0.58574866456253

0.94271412515302

-1.09876067516838

-0.97583321252303

-0.97235244722009

-0.54475498352086

1.49481241550803

1.32924317888222

1.29384988716617

0.98868693259849

2.59202714132543

1.18208112366107

1.38245846124026

1.36633527143604

-2.19535704686190

-0.77629405571904

-1.19391167668219

-0.94012797564224

1.98510123779875

-1.04664186775214

0.63177503332832

S139



-0.41537870057727

3.45811394960332

1.53741222546386

-0.06092103861560

5.22099129881494

1.33538039755546

4.63370656872170

5.65632053842182

6.52942902553161

2.28787653176020

0.68754790320237

4.17337534168846

5.12622087196791

3.68996483510361

-1.13572255540681

0.16409299752784

0.45611073678210

-0.53514740194201

-1.82231313509829

-2.12187308505869

-0.32396781554896

-2.57158008376325

1.21752102053922

-3.34088416942819

-2.48652956099216

-3.88961579981729

0.75484183923720

-2.89248899809319

-2.58717590446270

-0.31088690383025

-2.35210860274895

-2.25093262054722

-2.87955388423221

-0.81028911263742

-0.41878858897108

-3.80337562061055

-2.03013940303102

-4.18165939896646

1.07049017966325

1.27278924059233

2.45173579970202

3.40336384385065

3.21060717816455

2.05864196142679

4.31339156196826

3.97406294083955

-2.97138420645550

1.80064035235190

3.20749452427466

-1.65225846011590

3.24345755074602

1.51592175076292

1.44786885215930

3.39487330424073

-0.63951485503535

0.49947162362189

0.28912453696040

3.61196509846237

4.27299134766776

-0.82663539196182

-1.56726119972574

0.08187193287953

-0.22624349397412

0.25845775273278

0.97153986897335

1.19131140460348

0.69104512933111

-0.02748799629497

1.74168906885637

0.86654511654839

2.74187352454561

-0.57898863444927

$140



1.74672139904053

2.09243624371307

1.94402199361916

3.15202000703554

1.51313405655682

-4.39939178529173

-4.60073540499173

-5.27786347757415

-4.16780833756568

1.28330488007835

1.54046626273661

2.62412930333352

3.45857744549379

3.18341238092902

2.11019830128179

2.82468276166431

3.82899240039804

1.89596184180245

3.02106617594090

3.10149478886242

2.83040499450782

3.98702392531519

1.76631815184252

0.95572391266255

2.57892323420906

3.76635243245871

4.66255134148444

3.66652003213845

3.85665532811255

2.73384550662453

2.83138928855503

2.32039124223078

3.71765194940311

0.31005360143064

-0.73323703472886

-1.57940333095491

-1.42222724470836

-0.38898157021046

0.48773824542087

-2.38355103578508

-0.25707632473187

1.62395843663249

2.66242585752216

3.04329970919057

3.51081025195388

2.22413799423929

1.12097226387932

2.12413909475715

1.39796507372836

2.11573649663327

1.49941533024350

2.35950419552002

3.04381100170170

-0.33478675347303

0.73934752820706

-0.83377709456123

-0.76137009606107

0.01403143825241

0.92676418734063

0.69836327868668

-0.41101853969722

-1.30154768473711

-1.10812630703733

1.40185444543469

-2.16756513291801

-2.09373708529524

-1.97635209691559

-0.95208560300993

-2.64432114533417

-2.25472400564463

-3.53671465657189

-1.83363191185457

S141



H

H

H

C

C

la:

1.53724195796269

0.95913938029854

2.69715504272176

0.67237632421757

0.33699872175700

-1.51959717259766

-0.55508176515265

-9.84311930967136

-10.82190064815284

-8.79887433458192

-9.70907201212567

-10.26059186926534

-10.48297549547321

-0.22351502924717

-8.33147750153803

-9.18724070558483

-8.09624446527497

-11.83282392634019

-8.22585241955643

-8.25049804986861

-8.81621182569860

-8.54486659783172

1.95787054121127

0.38533739688888

0.66040500068797

-0.93379249492070

-2.40716663766598

-0.22649464337227

-1.32836669271457

-6.13937499763747

-5.16488835198622

0.05796615897239

0.53122437291359

-7.66573412484921

-3.96592099813301

-0.79644049753106

-0.53753269286372

-3.74041080762046

0.81453523998208

-5.33460257737611

-4.74002839830601

-1.49737916046792

-2.41832630147798

-5.94534305408611

-4.20704533452526

-3.62150770875639

-3.88689282262049

2.15733085487443

2.41450626307311

-2.69229537866442

-0.72452367117319

4.19328325195978

4.34170499420883

3.30790109295096

2.93828940212186

3.41455037384887

4.96176556695601

4.39947909820533

2.51868253913402

5.43088521513889

3.66780246560244

3.98500643042839

5.26595421615289

5.00499311819196

6.06696176669455

4.64817759028407
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la™:

-8.04379346235378

-7.07710113940979

-9.69632058310732

-7.21356867302764

-11.24384923598679

-7.79393271590335

-9.60388875213558

-10.64579322482087

-8.79204850770428

-9.67154535805760

-10.31091454758270

-10.44181890904787

-9.29358368333011

-8.28798007638157

-9.22897021993153

-8.10096152995775

-11.58951205971270

-8.20813914871720

-8.36800769657043

-9.00539985017562

-8.39010918688308

-8.31954890628705

-2.56398073991193

-1.42591768541379

-1.95869453857746

-4.58258222395978

-3.19951769537480

-6.71989092629525

-6.21438066658504

-5.33162242517324

-0.05802111417790

0.38887211416253

-7.42407255171954

-4.03957769959087

-0.80773307150604

-0.72598141627620

-3.69216519051564

0.72086760335894

-5.60323386430937

-4.64173299742425

-1.46121174809196

-2.27775094225958

-5.94027145299932

-2.27557245862729

6.82621728348552

4.70444144178206

6.52444172487743

5.62936997628152

5.08450238094261

4.52958007074974

4.66137734663318

4.52464526525975

3.15859501777184

2.69409849510594

0.70270969042958

5.02400147839338

4.29362297655936

2.45458259356681

5.62682907042336

3.49222068298134

4.06013446620314

5.73142208770053

5.01618869730396

6.12159218001760

5.23948473480635

6.97289656361781
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1a”

-7.17818527684434
-9.95494514416339
-7.26569071837175
-11.23801988010861

-7.59876732321561

(1a-CI):
-9.92287275773543
-10.89234437781181
-8.78245089826231
-9.67998281438164
-7.90710103214341
-10.52150333556173
-9.20866216006584
-8.37974136954588
-9.22377864640464
-8.02645424418192
-11.90246419878338
-8.28552287621726
-8.25155858618595
-8.82120502134897
-8.63377683917188
-8.04198924637314

-7.08936603974124

-1.42797815967781

-1.82431041666971

-4.37455236086026

-3.30246363554628

-6.67994754551088

-6.02804012988065

-5.06869149811287

0.19026360035099

0.73397083129256

-6.74252916121065

-3.90466987850327

-0.71612160691204

-0.37158678759237

-3.75497408651576

0.88303711662278

-5.18809063655662

-4.77432884020167

-1.50859173254309

-2.47428860476539

-5.94705301153358

-2.67511568122177

-1.47612323960619

4.77990127305513

6.41687574175629

6.20451728284400

4.94460537031960

5.32368898525223

3.97832622623126

4.12812120355327

3.43560893678673

3.13898009635202

4.30161963634532

4.81264077570173

4.48383916421872

2.58823847704570

5.31101959774827

3.81531244702955

3.74622176108002

5.12314345415789

4.99505248408320

6.01354890477260

4.44136503220056

6.75300105677636

4.64739908678850
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H

H

H -11.25394366984085

HCI:

Cl

H

-9.68609480062519

-7.27706708561717

-8.49539247986269

-7.91154752013730

TripS (HATL):

C

C

-6.38279600130561

-6.08750816465008

-5.33761021556573

-4.78598945859509

-4.00889461149424

-9.70397853152648

-8.25025063295056

-3.76895717776338

-7.85727973901460

-4.49100598603725

-2.74233833465340

-8.69802183990242

-2.81291820088377

-6.90995453334838

-0.48382259349107

-2.02470361502827

-4.66154423875860

-3.11428879932319

-2.40155684174090

-3.17311315825910

2.49629013942301

1.17224552806420

3.40400567336400

0.66832191013759

2.88592398207007

2.53580027754434

2.31005962644373

1.55080439681483

3.98615442281334

-0.77192802606079

1.18414865416440

1.09352035662429

3.74530015742065

0.50912813109610

3.13817140203849

6.50811083651520

5.51522816627997

4.96138265633377

3.74145629815369

4.59126370184630

-0.11141666872822

0.21345709949089

-0.46668296869067

0.21272414238172

-0.48069339978524

-1.14234852613415

-2.13419373487146

-0.14354629032275

-0.33195362276268

0.58374917312287

-0.15582976170442

-0.92447376561295

-0.85481406769347

0.47997004940272

1.33410650865016
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-3.40195722365701

-5.67883447537671

-5.14828119881775

-4.91626972550272

-4.83405097721825

-4.87941417321774

-6.24134742117674

-4.44038872825269

-6.00268782886172

-4.63972670045263

-7.84173318595581

-8.45606052263127

-8.49027488540588

-8.66918269417442

-7.87825781771611

-2.10656400874540

-1.67298407694824

-1.82263838592332

-2.80449847244184

-1.29178736751980

-3.21066911120859

-1.36906451779487

-1.01006803472714

-2.31902244508845

-0.90680023106264

5.10465080115502

-1.75705576614988

-1.08485812982627

-1.56210458992892

-2.79086808172942

-1.67643841279237

-0.40052366725040

-0.98929157046240

-2.11004489688068

2.92068083347446

2.75439004527588

1.70077607293328

2.17094478355942

3.30236428053722

3.21820274360413

2.22490982342249

3.88186490137682

3.14043867616272

3.89013161506773

4.74102463127762

2.91670789108359

4.57112049124527

4.27021112394815

0.51681253062426

-0.86214553627410

-0.39225278358853

2.02473614135904

-1.42392430889204

-0.14334194548286

-0.35101604792612

2.73635146601386

2.14000931544370

2.29940979397731

-0.07845986217162

1.31682457896302

1.62070803606152

-1.13039267996174

2.07064413282264

-2.11029210691503

-1.93987172229784

0.30868352864344

-2.95250605370157

-2.40817140955870

-1.08030205552484

0.56664135990752

0.04662787854996

1.20601358318727
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TripSH (HATY):

C

C

-6.39206090507110

-6.08390405511688

-5.35761573277134

-4.79520671198752

-4.05076405327687

-9.54297111835430

-7.99162933067629

-3.80046802705436

-4.61213503941510

-4.48562406710303

-2.79454260160678

-8.62822176999506

-2.91006510847078

-6.87276061432084

-0.59991641720258

-3.41870466744718

-5.80209293131032

-5.28871319036807

-4.72752392256254

-5.11484110299668

-5.00268504202546

-6.36397300448267

2.44293044321302

1.11547765882614

3.28205998089080

0.60275799337607

2.78759006116195

3.29779615446487

3.41655637391132

1.45351127132198

5.55278446055891

0.84104998713505

1.06023563191688

1.82734401005893

3.65766242237493

0.46283751345336

2.71520446538660

-1.00052850433157

4.98377032043448

-1.81080566908107

-1.12917171773945

-1.62121842537724

-2.84725228220855

-1.71382605812953

0.07826547050020

0.37347236949182

-0.39367984485361

0.22831723743903

-0.57960678481628

-1.07657828875795

-1.92674357711157

-0.24378823743529

-0.54394580993278

0.57021363653203

-0.36423500986868

-1.47247404408534

-1.07909122889661

0.73558846545863

1.41410266024080

0.36295072178660

-0.80046095244082

-0.30602994305588

2.05722710380903

-1.37112198646063

-0.09239541032450

-0.11473269900092
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-4.14768336025146

-5.78727388842622

-4.43680945173994

-7.82194038224175

-8.64206761860191

-8.86553818879310

-8.53580129815211

-8.12584756884874

-1.86701516216729

-1.27332666416172

-2.22852389926694

-2.33351517918416

-1.17147357244558

-3.33748792075640

-1.73865404186958

-1.46601959611959

-2.94013570158590

-7.77622709177749

-0.45084859713213

-1.01078814003304

-2.15774985201694

2.93982550236290

2.20266535387941

1.17180152150532

2.87106533622383

2.17842255744671

2.89717411968621

2.21222050858820

4.37228243877170

2.31950443027203

3.61160378484002

4.41822735574848

3.63668944856961

5.07254382962626

4.93273550329606

3.99434878101738

2.69300727390495

2.31279174944074

2.30053710306201

0.21248545602069

1.27338403314092

0.97693958163257

-1.14804297927529

2.23942952970185

-1.90364108942431

-1.28890743518588

0.10030876320215

-2.70915120931019

-2.35761051081449

-1.74467912901561

0.74979885125710

-0.25980462490161

0.71764208165270

0.51536870668978
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7. NMR Spectra

HoH g

O

Cl
1c

2.00-
2.00-

3.0
3.00%

9.5 9.0 8.5 8.0 7.5 7.0 6.5

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000




240

27.08
25.80

230

165.72
—139.58
—131.07
—~128.87

109.16

—73.37
— 69.52
—62.30
—33.09

£

220
210
200
190
180

170
><O ""/\O 160

150

r 140

Cl

1c F120
110

- 130

100
90
80
70
60
50
40
30

20

T T T T T T T T T T T T T T T T T
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 -20
5/ ppm

$150



40000

38000

6.18

2

-
! 36000
I-34000
Cl 32000
30000
- 28000
26000
24000
22000
1h 20000
- 18000
- 16000
14000
- 12000
10000
+8000
16000
+4000

2000

F-2000

2005 —
610w
3.13~

T

o

T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4
5/ ppm

o

3.5 3.0 2.5 2.0 1.5 1.0 0.5

— 159.42
— 156.53
91.54
_-5631
5555

300

Cl

250

200

150

100

50

T T T T T T T T
170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10
5/ ppm

S151



22000

21000

48
91
89
87
86
85
84
—2.35
—2.19

20000
19000
18000

17000

Cl (0] 16000
O/\/S ~ I 15000

14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

2.00-2
1.08-T
2149
2147
3.07-x

I t--1000
-

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
5/ ppm

950

32.39

900

— 167.32
—19.71
— 15.90

133
130.
130.
— 128,
~ 126
64.18

850

Cl O 800

O/\/S\ +750
700
650
1j 600
550
500
450
400
350
300
250
200
150

100

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
5/ ppm

$152



9000

8000

7000

6000
5000

4000

3000

2000

1000

550

500

450

400

350
300
250
200
150
100
50

L0°€ —

95'
199
89'9
89'9
09
129
174
8T'L
6L
6L
0€'L
0E'L
€L
€L
oL
e
2
€L
€L
bhL A
Sb'L
75°L A
£5°
€52
vS'L ]
sz’
6L
86'L
662
10'8
10'8
208

W

6T

Hoz

vt
F€0'T
01

0.5

1.5 1.0

2.0

3.5 3.0

4.0

5.0 4.5

5/ ppm

T
5.5

ET0P —

9T'€9 —

08°01T —
89°9TT —

S8'921
91621 /

9b'6CT W

05°62T
v

1STET
LY'EET \

TSPET

TYeST —

857991 —

Cl

T T T T T T T T
190 180 170 160 150 140 130 120 110

200

5/ ppm

$153



/N
cl

3.84
3.71

~3.67

2.39

10
‘\
]
I
A U N
A 8 7 L% 3
S ° 2828 SESES] o
g3 §gs I R
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
3/ ppm
g9 g S3RRY 83x 3 P 5 e
- 8 CEEER EEE N g o g 5
I SN Y, [
10
|
|
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
3/ ppm

S154

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

360000

340000

320000

300000

280000

260000

240000

220000

200000

180000

160000

140000

120000

100000

80000

60000

40000

20000

Y

-20000




o (=3 (=3 o o o o o o
o (=] (=3 o (=] (=] o o o
o (=} o [=} o o =3 i<} o
(=) @ ~ o n < M ~N - o
Il Il Il Il Il Il Il Il Il

—

o™

= Oo—
68°E _J .
6~ = E009
€S — — —_— Fore
99'9 — —_— 6T
AN
8y — — Fsee
85'L — — Feet
908~ .
E— -

608~ [a%4

1
ro
<
]
1
]
<
re
1
re
<
e
1
re
<
<
£
na
e
-~
o
<
ru
1
rw
<
e
1
re
<
N~
1
r~
<
[
n
o

250

200

150

100

50

Y

99§ —

099 —

+¥8°00T —
ELV0T —

19'821
€9°8CT

18'62T
00°0€T \

TE0ET
9EEET
1891 \

62°LST —

847991 —

b

Wi

TRy

Py

bl

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

T
190

5/ ppm

S155



6500

6000
5500
5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

90
85

80

75

70

65

60

55

50

|45

40

35

30

25

20

15

€€°T
vE'T
vE'T
LET
8e'T
ov'T
't
€'1
L
ST~
w1/
[788N
YT F
w
o
6T
€87
S8'T
881

8€'E
6E°E /
0P'€E L

we~

os€ /f
£5°€
SS°E

6Tt
f4%4 W
vEY

WL
WL
&L
vl
vl
WL
9L
L

€S°L

€8,

¥S'L

98,
€0'8
€08
+0'8
508
90°8
90'8
L0°8

S/

4/

Br

3k

To.o~
W:.v

Fort
Foot [

Fset

Fset |
Fo60

Foe1

8.0

8.5

¥1'9C
66°9C
£LT°8C
58'8C

0£°6C
Sb'6T V.

9L'ce
S6°CE
TTve

8T'Sh —

s —

L¥'8TT
89°6CT W
69°0€T
Y6'TET s

€8°99T —

Br

3k

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -10 -20
5/ ppm

190

240 230 220 210 200

S156



18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000

4000
3000
2000

1000

F-1000

POT

991"

3m

909
809
01’9
w9

saccll

[4%

€L
€L
€L
vEL
vEL
veEL
SE€'L
SEL
9€’L
LEL

W

6E°L
ov'L
6LL
08'L
8L
8L
%L
€8°L
v8'L
S8L
98,
98°L
88'L

0.5

1.5 1.0

2.0

2.5

4.5 4.0 3.5

5/ ppm

5.0

F17
r16

r15

14

F13

F12

F11

r10

Wz —

6T°€EL—

T0°8TT —
S8°02T —

L9721
oLzt

T8zt \
eoser /.
TeEeT

ste )
96661 —

T8'T9T ~
b0'€9T

Br

Cl

3m

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

T
180

5/ ppm

S157



90000

-106.02

85000
O F 80000
75000
70000

Br t 65000
60000
3m
55000
50000
45000
40000
35000
30000
25000
20000
I 15000

10000

5000

F-5000

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

7500

N

/
+7000
6500
6000

5500
5000
4500

X 4000

3500
Br
3000
30 2500
2000

1500

1000

1.001
1359
1050
1.081

-500

k F500
A J o
< >

T

5.5

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
5/ ppm

8.5 8.0 7.5 7.0 6.5 6.0

$158



F5.5x10’

F5.0x10’

F4.5x107
F4.0x10’
F3.5x10
F3.0x10
F2.5x10’
F2.0x10’
F1.5x10
F1.0x10’
F5.0x10°

0.0

L-5.0x10°

90000

80000

70000

60000

50000
40000
30000
20000
10000

9T~
9T

ST
95T
95T
L58°C
85T

85T
65°C
65T

09'C

«€e
€e'e
bEE
SE'E
9€'E
LEE
8€'E

7we—

108
T0°S q
T0°S 4
20°S
20°S
20°S
€0°S

€0°G
€0'S
$0'S

v0's
50°S ]
50's
50's
90°s
90°5 |
905

J

o€
Byze

Fero

0.0

0.5

2.0 1.5 1.0

2.5

3.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5
5/ ppm

7.0

7.5

8.0

84T —

58'ST —
YL —

€075~
€525

09°6TT —

TTSET —

69T —

T T T T
170 160 150 140

T
180

T
190

T
120 110

T
130

5/ ppm

$159



6000
5500
5000

4500

4000
3500

3000

2500
2000
1500
1000

500
F-500

1200

k1100
1000
900
800
700
600
500
400
300
200
100
Fo

9T —
69'T —

[ x4
Lix4
we
we
ja 4
ji4
&'e
Sb'T
ST
09C
€9°C
6T°€
[

D E—
—_
T
BN
e —
—
—
o
o

s

£€E
€e'e
vEE
vE'E
S€E

we

88t
68
68t
06t
06t
16v
160
[ 4
[ 4
6%
£6'v
v6'v
b6t

Fere
ez

= Feet

= Feet

3z

J Fes

1

0.5

1.0

1.5

2.0

2.5

"
.

W

L1°9C —
m?.NN\
1Tee—
bE9E —

I

LL78 — -
88°LS —

|
i

|

W0LIT — -

89°9€T — -

8T'TLT — / -

3z

T T
240 230 220 210 200

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
5/ ppm

190

5160



10000

9000

8000
7000
6000
5000

4000
3000
2000
1000

65

60

55
50

L-45

140

35

30

25

20

15

r10

WT—

~

= 8T

Feear

00z

0.5

1.5 1.0

2.0

3.5 3.0

4.0

5.0 4.5

5/ ppm

5.5

Y1 —

T\
5621 \

99°6CT

| VAVA Sl

0L EPT —

7b

150

110

120

130

140

160

5/ ppm

S161



9000

8000

7000

6000

5000

4000

3000

2000

1000

Y

65

60

55

50

L-45

140

35

30

25

20

15

r10

r5

480
880

68°0
680
260
£6°0
€60
60'T
ar
€T
bTT
bTT
STT
ST'T
ASs
(1T
81T
81T |
617
971

LT gF———

87T
62T JE
6T°T
€T
€T
€T
vE'T
8E'T
bS'T
SS'T
65T
09°1T
91
19T
9T
91
€91
¥o'T
S9'T
99'1T
L9'T
ja 4
ST
€97
£€9C
99'C
oLe
0Lt
T7e
e
we
we

YEL~
e

86'L
86'L W
66'L
108
108
208

Fort
Feee

Feee

Bsoe
20T
F00C

et

0.5

1.5 1.0

2.0

2.5

4.5 4.0 3.5

5/ ppm

5.0

S6'1C —

16l —

8L'€E —

W0y —

98'8F —

09°82T ~
€0°0ET —

8PET —

0S°9bT —

130

110

120

160 150 140

170

5/ ppm

5162



11000

10000

9000
8000

7000
6000

5000

4000

3000

2000

1000

380

360

340

320

300
280
260

240

220

200

180

160

140

120

r 100

80

60

140

20

cm.w;
mm.w¢
65T
6LE

88
88
88t
68
68
06t
67
16t

€L
€L
€L
€€L

vEL
S€L
SEL
SEL

S6°L
S6°L

SN\.

86°L

b

F90°€

90T

0.5

1.0

5.0 4.5

5/ ppm

T
5.5

8.1 —
SEET—

€621~
B

LLYET —

9Y'SHT —

9TTLT ~
wur—

L)

m
W

i

yo"

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

T
190

5/ ppm

5163



o o o o o o o o o o o o o o
(=} (=} [=3 (=] (=} i<} o (=} i<} I=3 (=} (=} I=3 [=] (=] (=3 [=] o
o o o o o o o o o o o o (=] o o (=] o t=) o (=] o o o o o o o o o o o o o o o
< o o @ O < o~ o 0 O < o o o o (=] o ~ n o n o n o n o n (=] wn o n o n o o n
~™ [ [ o~ N ~ o~ o~ — — — — — @ O < o~ o h @ @ ~ ~ O ©O n 2] < < ™ [ o ~ — — 0 o i
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
]
o
e — —
o
o
1
[
<
e
1
. ey
NM.MW 16'55 — -
1w — Tﬁ.m
Nw.N\ o
¥8'T [o
n
el
e | .
we Fere o
Fe
= § )
in
L9 s
< ~
o 5 w
<
[
£ETT ~ _
—nl_v Lo S6HIT— @ -
8611 — ~ _
- AN
=0 .
O 1y Z Z o 8921~ ) N
Fo 6L7¥TT O === bl
@) seeet = 1/ [
260 ¥8'62T (@)
69 87'EET — -3
69 L0
$6'9 ©
€L £0THT — ——
€L
s oz | N
€€
beL ob'1ST — -—
beL —_— - -
mmnm\ Fsoz "
B [~
190 — 660
Nm.n\
boL 29T — -—
_— - .
S8°L oz °
ogL — F00T [@
8L
88
008
00’8 Lo
108
€08

€0'8

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

T
180

5/ ppm

S164



7000
6500

6000

5500

5000

4500

4000
3500

3000

2500

2000

1500

1000

500

ro

r-500

420
400
380
360
340
320

300
280
260
240
220
200
180
160
140
120

100

80

60

140

20
0

L-20

80T N

or'T
MHA\

85°E
19°€
€9°€
£9°€
s9'€
s9'€
19€
ose
88'€
06'€
[
26°€ |
v6'€ |
s6°€ |
16
66°€
68'9
68'9
16'9
69

YE'L
£
£l
oL
1S
15
149
[
€5°L
€5,
vS'L
bS'L
9
SeL
ScL
oL
we
8Ll
08'L
8¢
L
€82
b8l
v8'L
v8'L
s8'L
s8'
98°2
98°L
8¢
88°L
88°L
88°L
68°L

68°L
00'8
108
108
108 7
No.m&
208

€08
€08
+0'8 |
+0'8
0’8

L,

s

O
: CN

L O\\ 7

oo
Feot

Wyl —

;L —

O
: CN

7f

\Y7

L&
0

150

160

130 120 110

140

170

180

5/ ppm

S165



o o o o
8 8 8 8 8 8 8 8 8 8 8 8 S
o~ — o (=3 (=] o o o o o o o — n o n o n o wn o wn o n o n o n o n o
— — — (=) @ ~ O 2] < ™ ~N — o ] o a @ © ~ ~ ©o © n n < <+ ™ ™M o~ ~ — — n o
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
in
S
:
o 3
- TETZ~ _ 3
2670~ _ - r
< ecer 3
" 3
- 3
o g
€€ - a =
€€ /
D 26 E
SET n
SET o
stz .
-
e 3 E6'S
(=]
o
n
™
<
) M
n
v e
g ob'L6 — =
ea =
wn =
w0
1
"
LT — - 3
o
S 1
Tger — -
in
S 68'IET
steer W
s TeTET
8L / - ooz P2 05°06T ~_
61L 18EPT
oy _ = ——  E007 s
0eL 95'bbT
1
N 15051 —
wL— — ) F960 LL95T —
o
% £8'65T —
o8
7 in
s %
8 — ——— 00t
w8
o o
€8 @
€8
n
o

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

T
190

5/ ppm

5166



(=3 o o o o (=} o (=3 o (=3 o o o (=3 o
o o o o o (=} o o o (=3 o o o (=3 o o
n o n o wn o n o wn (=] n o wn o o n
~ ~N © O n wn < < ™ (] o~ N - — n 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1
1
o
9T
187 )
87 LS
$8
687 1
05°€ |
15°€ 1 | w©
$S°E -
N
[FeN
. wn
Fooe |2
For
<
sl
1
ot e
o
[<
TD.N
n
<
ot
<
[ wn
tn
[
e
el
tn
e
N
-~
o6t
H{ﬁm.N n
Froz L2
Fee1 | ©
[~
n
"o

5/ ppm

70

65

60

30
25
20
15

bS1Z—

T6'6E —

$1'85 —

09°52T
[Y¥zas

08821 ~\-
€671 7
65621 7
89VET ~
ser "
80°8ET —
LL6E1

TTZsT —

&/ ppm

S167



12000

11000
10000
9000

8000

7000

6000

5000

4000
3000
2000
1000

F-1000

650

600

550

500

450

400

350

300

250

200

150

100

50

0E'T
«©T W e —
vE'T

61°C
S —
ON.Nv

f

€9 —

ey
YTy —~

v/
el

|

:.Ng

m*.hg

@
o
N
)
——m

98°,
18°2

0627

7i

F86C

Forz

4.5
5/ ppm

5.0

08°CT ~
1440

¥8'6C —

60°09 —

89°L1T
81611
e
0s°Lz1 /
wie
vT'8CT
10621 ~
gz6e1
TeLET~
TS'LET =
06'8€T \
8TLYT —

67°59T —

7i

-20

-10

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
5/ ppm

190

240 230 220 210 200

5168



9000

8000

7000
6000

5000

4000

3000

2000

1000

90

80

70

50

+40

30

20
r10

€5
€5°L
ss'L
s
95°L
957
s
85°L
857
[
7
€L
v
bl
St
SLLA
w0
8o’
or'g
01'8 -7
1187
18
718

e ]
€18 |

€18 ]
€18 ]
+1'8 ]
518
sr'g ]
s ]
587

V=

u

ot
ot

00T

5.0 4.5

5/ ppm

T
5.5

88’ 11T —

ETTLT ~
orzer
[ aaN

8€'821
821 W
68821
zeTer
59'1€T \
€6°€€T
96'6eT 7

98°SPT —

140

150

120 110

130

160

170

5/ ppm

5169



80000

-62.99

75000
70000

65000

O O 60000
N/S CF3 I 55000
50000
45000
7j 40000
35000
30000
25000
20000
15000

10000

5000

F-5000

5/ ppm

13000

12000

11000

10000

9000

8000

O

7000

7
z. 4
-

6000
5000
7 k 4000
3000
2000

1000

1.00-F
2,027
127

1.07-4

N 217

-1000

4 211

24 200 ?
T
o

8.5 8.0 7.5 0 6.5 6.0 5.5 5.0 4.5

5/ ppm

3.5

w
=)

2.5 2.0 1.5 1.0 0.5

S170



Snmwe na THnS na Do
5988 a9 o8 3995R83%3 wn in
L o -9 -t TH OO D BB o 4
R o3 a88Y ZHEZ5SSS 3 R
NV \Y4 FASNY ==

(o) \
=S

/

1ol
i
|
|

! |

L . |
| I \

T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
5/ ppm

g
£
O \\
=S
/
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
40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240

5/ ppm

S171

650

600

550

500

450

400

350

300

250

200

150

100

50

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000




—3.53
—3.34

g 4 2
S 5 8 &
S 3 R
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
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
5/ ppm
S nEns @ o o
@ = 23 N8
2 Tges 22 82
g 5888 as g8
[NV V] I
N
I
OMe
9a
I
|
I
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
3/ ppm

S172

40000

38000

36000

34000

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

F-2000

600

550

500

450

400

350

300

250

200

150

100

50




ae oan o o
0 i = n o 0
NI " - B
45000
NNV (.
40000
35000
30000
25000
N
|
OMe 20000
15000
10000
5000
‘\
o ] JL Lo
P PR 7
Q Q Q o -
] ] A = o
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
5/ ppm
S a ARA ° o ~
oS =3 PR R] < L n
g g H23 3 a Z
5 % R8s g a s
I N\
2500
O 2000
N
|
OMe
1500
1000
500
| |
I
| . s
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
5/ ppm

S173



77
76
75
74
74
73
72
72
71
71
71
95
93
92
92
90
90
89
89
89
—3.85
—3.57
—3.36

N~
|
\O OMe
9c
|
|
s s L3y
g g g 4
S 5 S 23
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 1.5 1.0 0.5
5/ ppm
Q@ 2 g 8 o o 0
a - S 9 o a “ a
g g e 8 = g A 3
I I I
N~
|
\O OMe
9c
|
.
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
3/ ppm

S174

20000

19000

18000

17000

16000

15000

r 14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

900

850

800

750

700

650

600

550

500

450

400

350

300

250

200

150

r 100

50




Q®ONRNRRNRNRNRRNRRNMOOOANNNNNNNNNNAN n M
e [
N~
|
Fgc\O OMe
|
PO Ty
S & a2
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
3/ ppm
g R A8 2 2 0
\/ |
N~
|
F3C\O OMe
|
mmmwwmmmwmwhmmw
I
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
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10 -20

5/ ppm

S175

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

1000

900

800

700

600

500

400

300

200

r 100




-57.73
-57.73

<

_-6.86
N 6.84

—
—

T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80

9e

T T T T T T T T T T T T T T T T
-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240

_-3.90

\-3.89
—3.56

—3.34

1.007
0.99%
1.03-F

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

-500

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000



8 8 8 8 8 o ) ) ) ) ) o ) ) S
o
o o o o o o o o o o o o o o t=)
o o o o o o o o o o o o o o i<}
I=3 (=] i<} (=] (=} [=3 o (=} I=3 (=} o o (=} o o
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o I=)
O < o o @ O < o~ o 0 O < o~ o o o o o ~ < M o~ — o o o o o o o (=3 o o —
] ™ ™ ® ~ ~ ~ ~N ~ — — - — - @ © ¥ « o h - — — - - o @ ~ © n < @ « — o '
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
ro
o
L2
;
o
o
LS
i 9
e
. J
Fa
60'bE — -
o
<
o
Fwn
00'9§
voss T Lg
5019 B
o She— 667
LR @
o e — .
Lg o8¢ ) 16
o
o
o
\m e
£ =
o
01T~ LS & —
erott 3 oe ) zZ O
86111 — s 494
. €L ®)
LS pTL
. S
et — YL I —
€197 — o STL Z o
9 Elva \
orL
o sz
FY sz
st
— o seL
9€'8bT 3 1
STTST— B
[} 9L
N = 3 6eL
rs 604
Zz-0 1€
o g .
26°69T — o LR TELA _ 00T
5 1€ I 2ot
eeL~F — Bt
] e, —— Bt
o [~ vl %
(=2] v _ 00T
LR YL
- brL
o'
LS o'z
N oL
O (@) ov' ]
/ \ LS 692
o~ S.&
oL
L os¢ ]
o L
[
LR (79
o wi
. 256 — f 20T
|-
~N

9.5

5/ ppm

S177



550
500
I 450
400
350
300
250
200
I 150
I 100
50

24000

23000

22000
21000
20000
19000
18000
17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000
6000
5000
4000
3000
2000
1000

r-1000
-2000

6E'EE — —_——

819 —

7’801 —
o

06'TTT —

15021~
19°7TT ~ -
66071 ~ -
60871~
8£'871

€6'GET —

SLT9T —

[P

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

T
180

5/ ppm

L9°E~
€eLeE—"

8T
87
67
67,
og'
e
1672
1€
1€
[
[
[
€67
€67
€67
SEL
SE'LA
e
9€°2
9L~
€2
nm.ﬁ
5L

e

8€°2
6€°L
6L
ov's
ovz ]
ovz ]
i
e
v
b

2a

00T
B26'T

Foos

5/ ppm

S178



1000
900

800

700
600
500
400
300
200
100

8000
7500

7000
6500
6000
5500
5000
4500

4000
3500
3000
2500
2000
1500
1000
500

r-500

€T —

6078 —

T LTT ~_
£€9'87T —
og'6er

20'PET —

or'esLT —

2a

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

T
180

5/ ppm

2b

0T
0t
ooy

5/ ppm

S179



750

700

650
I 600
550
500
L 450
I 400
350
300
I 250
I 200
L 150
I 100
k50

TeLen
6€°LTT V.

06'8CT 7

9ETHT —

14000

13000

12000
11000
10000
9000

8000
7000
6000

5000
4000
3000
2000
1000

r-1000

2b
100
5/ ppm

110

120

160 150 140 130

170

9€Tq
9€'T
T
207 |
207§
€07 4
402
$0'Z
S0°Z
202
95°€
85'E
09'€
19°€
29€
€9°€
€9°€ |
v9°€
b€ |
S9°€
19°€
60
oT'Y §
by
[48%
[AS%
€T 4_
PTY
€Ty A
ST
ST
Ty
rady
8T
62t
67
€%
s
8t |
65
v |
' |
[
Sb'b
1y
by
5

T

R

e
V'L
L
L
'L
WL
'L -
vS'L
9§, \
108
20’8

+0'8
+0'8
+0'8

+0'8

"’//\O

q

O
O

2c

=1T€
Asre

Fere

Foze
Foo'r

F68'T

1.0 0.5

1.5

5180

5/ ppm




o o o o o o o o o o o
[=] (=3 [=3 (=] o (=} o (=} (=] (=} o (=} (=] (=} o (=} o (=} o
o o o o o o (=] o o o (=3 (=] o o o o o o o o o o o o o o o I=)
™M o~ — o o o o o o o o o o @ O < o o 0 O < o~ o o o o o ~
— — — — (=) @ ~ O n <+ (2] ~N — o o~ N o~ o~ ~N — — — — — @ O <+ N D
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
o
=1
o
e
£8'57~ -
8022~ o
rm™m
60°€E — E
(=]
<
o
Fwn
o
o
£0'29 — —
- Lo
8569~ N
LyeL— -
_—————=
(=3
oo
s @] -
N
£
o Q
Lo o
—
w0
80'601 — -— LS
A
o
N
S
5821
8821 _ o .
19621 — —— A 1 €02y
oe1 7/ — [~ $0'L 4
9z oﬂ\ _ .
. v0'2 4
L0 Hmﬁ\ .
ereet b0°L |
2 502
r3 90'¢ 4
90
90°Z
1] 202
(@) a LA
Nﬁ.Dr
€14 .
e} O e — Fe6E
o ere~¥ R — .
N R e F ooz
ms$ _— Fooy
007 — 4 sTL
85991 o or'L ﬁ
N |
N — ¥
B veL
beL
=3 ves ]
o (@) % 9L
otz ]
e ]
o mm.&
S X
66

5/ ppm

$181



157.36

—129.86
—123.34
—119.01

|
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
5/ ppm
ARRIIBBIENBRRARLL
NRNRNNRRRRRRNRRRRRNR
eV Ne=—"
2e
-,\_JL_/J L ]
P
2 @
< -
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
5/ ppm

5182

2800

2600

2400

2200

2000

1800

1600

r 1400

1200

1000

800

600

400

200

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500




— 133.56
—128.02
— 125.96

2e

T T T T T T
150 140 130 120 110 100

2f

T T
90 80 70 60 50 40
5/ ppm

3.78
2.32

f;::L
3084 @ —

6.29-T

7.5 7.0 6.5 6.0 5.5 5.0

4.5 4.0 3.5 3.0 2.5 2.0
5/ ppm

5183

950

900

850

800

750

700

650

600

550

500

450

400

350

300

250

200

150

100

50

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

F-2000




17000

16000

15000

14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
r-1000

Y

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300
200
100

60°C
e
(454
€1'T
va.N\
€5C
vm.N/
9T
mn.mw

08¢

£h
6Eh /
'y ~&
vy F
Sbb \

'y

pTL
vIL
STL
STL
oL
e
e
8T/ |
8T,
8T
Cl
61,y
6T,y
T2
0E°L
0£°L
TELA
€672
se'L]
mm.u\
18

ve'L

v8'L

S8'L

98'L

8L

N

N

Feoz

Fsre
Fe60

Foot

7.0

7.5

8.5

9.5

T6°ST—

681 —

6L°7€ —

€TE9 —

€8'STT
9621

TL0ET -
18T€T —
erzer”

o' opT —

W91 —

T
160

170

140 130 120 110

150

180

190

5/ ppm

S184



16000

15000
r 14000
13000
12000

11000
10000
9000
8000
7000

6000
5000

4000
3000
2000
1000

r-1000

950000
900000

850000

800000

750000

700000

650000
600000
550000
500000
450000
400000
350000
300000
250000
200000
150000
100000
50000

L€
9's
99
599
199
199
899
899
699
oz9
)
sl
9TL
8zL
6T
6TL k
67

0£'L
0£'L
€L
o
(29
€€
veL
e
9€'L
5L
5L
€L
66
6L
ov'L
ov'L
WL
WL ﬁ
WL

L
L
bhL
SbL
oL
o'
e
e
60
s
152
s
€5

€5
vS'L
vS'L
SS°L
hm.nw
96°L
L6'L
86'L
66°L
008
008
108
'8
€08

/

|l

L

2k

Fveo

Rt

0.0

0.5

1.5 1.0

2.0

bIoP —

3.0

ey —
£6'S9 —

5.0
5/ ppm

8011 —
b
0 L9°9TT —

o £6'92T
IN

SS'EST —

£9°99T —

130

160

110

120

140

150

170

5/ ppm

$185



20000

19000
18000
17000
16000
15000
14000

13000

12000
11000
10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

F-1000

1000

900

800
700

600
500
400
300
200
I 100

w99

2|

460

5/ ppm

497201 —

STTIT —

26611 —
¥8°021 <
soeer
ryver —

16421 —

¥8'SET —

21

115

T
145

T
150

5/ ppm

5186



9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

260000

240000

220000

200000

180000

160000

140000

120000
100000

80000

60000

40000
20000

17T,
12T
7T
€274
vT'T Y
STT
€7
2z
€67
vE'T
vET Y
SEZ
9€°7
1v'T
8v'
8L
647
08'Z 4
18'7
187
787
£€8'7
€87

¥8'T
8T
s8'T
60°€
or'e
ore ]
e
TTE |
[a8%
7re ]
ere ]
ere ]
v1e |
bT'E
sTe
STE
sTe
or'e
or'e
ee
€€
bee
se'e
g€
8E'E
ov'e
e
6'€
08'€
60
ory
[4a%
vTh
£0'
0L
50z
90°
v
STz
STL
st
2.&
oL
o1z
e
e
8L
8L
6L
6E°L
e
WL
oc's |
oe'g |
L£8

e

R —

—_——

8€'8 %
8€'8

FISE

Froz

0T
6°E

F00'T

0.5

1.5 1.0

2.0

3.5

4.0

5.0 4.5

5/ ppm

T
5.5

69°vT —

£50E
LY 1€~
8L1€E 7

S8'bb
06'v v

919 —

Treer
vo.mwﬁ/
wen
66'8CT
SST0ET
T6CET ”
B9EET -
8T'SET “
TL9ET
hm.hmﬁ\
TE6ET

SPopT —

T5°SST —
6E7LST —

60°TLT —

50

70

110
5/ ppm

210

220

$187



(=} [=3 (=3 (=3 =3 o [=] [=]
o o o (=] o o o o o (=] o o o o o o (=3 o o o o o o
o o o o o o o o o o o o o o o (=] o o o o o o o o o o o
o i<} [=3 I=3 I=3 (=] o (=} (=} I=3 o (=} [=3 o (=} [=3 (=] (=} [=3 o o o o (=} i<} I=3 o
o o o o o o o o o o o o o o o o o o o o o o o o o (=3 t=)
wn o n o n o n o o < o o 0 O < o o @0 O <+ o~ o (=] (=] o o ~
< < ] o™ ~N o~ — — wn o o™ (12} ™ ~N o~ ('] o~ o~ — — - — — (=< ©O < ~N D
L L L L L L L L L L L L L L L L L L L L L L L L L L L L
n
ro
<
[
8b'ET —
1
[
=Y £6°08 — -
e
8T S
petb e = e | 1y
o~
87Ts — -
98'55 —
<
e
. n
)
P ozt
18°€ 1 H/MN.m
Nw.mN J e | o
v8'E re
62101 —
£
I B
Fe 2 SOTTT~_
o seTrT -
gostt
o ) 68'82T
N Fun mw.mﬁ/
TL0ET ~E
ET'TET W o
" e6eeT \ N
L 6L'SET
> o €29ET
o
// re 80°95T — pd
€99 o
vm”m n $9°69T ~ //
MNAM ~ [e 18121
_ .
g0 H/No,ﬁ o
88'9~\ _ e} 7401 ~
569 _ Z90T | 2
969 ~
e
e
g n
st _ ForT o
6b°L I 90T
. —_ 00T
052
15 o
09°2 ro
192
[
oL
oL L w
L ®
we
we

we

240 230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
5/ ppm

190

5188



5000

4500
4000

3500

3000

2500
2000
1500
1000
500

550

500
450
400

350

300
250
200
150
100
50

6T°L
61,
0z’L
[
1L
1T
weL
€TL
€TL
€L
YL
YL
STL

8E'L
6L
6€°L
oL
e
'L
€L
€L
vl
vl
Sb'L
oL
W
8v'L
6v'L
05°L
15
1S
\7an
7
we
we
we
€02
€L
€L
v
v
v

3 —

SLLA

66°L
008
108
108
'8
698
oL'8
08
8
174]
ws

S6°L
86°L
66°L

7

4a

5.0 4.5

5/ ppm

T
5.5

69°02T ~
e —

orzzt /

18'8TT "
L0621

L8'9ET —
€S°6ET —

LL6PT —

09°45T —

7

ol

W M

L)

!

T T T T T
160 140

170

120 110

130

150

180

190

5/ ppm

5189



3500

3000

2500
2000

1500

1000

500

450

400

350

300

250

200

150

100
50

€L
vI'L
YL
9T'L
9T'L
[AwA
LTL
8T°L
oT'L
0z’L
0z'L
wL
we
€L
STL
STL
STL

67'L
0€'L
0€'L
€L
[
€L
€L
€L
€€°L
VE'L
ve'L
vE'L
SEL
SEL
9L
9L
£
LEL
£l
8E'L
6E°L
6€°L
oL
oL
WL
WL
L
€L
€L
€L
vl
vl
vl
Sv'L
st's o
oL
oLy
Raa
1Ly
8v'L
8L
8v'L
6v'L
6v'L
052
ss°L)
ssz
95 )
9524
s5°¢
1572
852

—

85 ]
852 ]
g5 ]

65°L H“
65°L

4b

0.5

1.5 1.0

2.0

2.5

3.5

4.5 4.0

5/ ppm

5.0

80°9TT ~
8€'9TT 7
SyveT
0521
08'221
5o\
91621

0z'6CT
06°0€T
6'0€T \

6'GET

vT'8ST —
T8T9T —

4b

150

170

130 120 110

140

160

180

5/ ppm

$190



-118.06

4b

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

5/ ppm

4c

/

/

3 g z LA S
S o S o ® in
RN N RN o
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 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

5/ ppm

$191

100000

90000

80000

70000

60000

50000

40000

30000

20000

10000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500




o o o o o
<+ (] o «© o < o (=3 @ O < N (= @ O <+ ] o (=3 o o n o n o o
< <+ <+ ~™ [} (] ™ ™M o~ ~ ~N o~ ~ — — — — — © ~N o (] ~ o~ — — n o
L L L L L L L L L L L L L L L L L L Il Il L Il L L L L Il Il
o
=
STHT— -
o
e
LTt — _
9167
eroE = FR
B.E* =
€8'T€
o
<
o
Fwn
o
o
o
r~
o .
R
- .
Nm.m\ J e
€6'€
o
o
o
Fo —~
- £
S
=
4 e
E op
L2 &
hat
3
o
68'61T — - Fo 60
]
Lrser— - WM.WJ
o _ o 1
pb'8zT E L@ 1691
3 169
3 86'9
F | o 86'9
E T 669
et — i WN.MM
F | o 202~ . — TFore
=] mog\
0L
B o0t —_— Z Fooe
3 2 1572 O
E 15
€5
3 Q €57
|
S €52 T
v5'L
I ) v -
<t 4
LS SS°L
— - 954
52
) \ o I
o
2

T
200

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
5/ ppm

9.0

9.5

$192



o o n ~ o

5 ] ] 5 H] o

- < ™ =] el - Q

g 58 S g g 2

g a8 8 g g 8

\Y4
~

|
|
l .

. . . . . . . . . ; ; : ; ; ; , T .
190 180 170 160 140 130 120 110 100 90 80 70 60 50 40 30 20 10
5/ ppm

IRRRITSARARRBLE62383853 BEHBBIRAREARNY
N NININSRR B  Bv v fv Bv Bv v o pedc g iaga g gb i
e NGRS N
/
H o~
de
1
A T T
< S - N
ER- 5 3
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 15 1.0 0.5

5193

1100

1000

900

800

700

600

500

400

300

200

r 100

23000
22000
21000
20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

r-1000




900

850

800

750

700

650

600

550

500

450

400

350

300

250

200
150
r 100
50

28000

26000

24000
22000
20000
18000
16000
r 14000
12000
10000
8000
6000
4000
2000
-2000

mes —
S0'9S —

SOCIT —

0z'02T —

SLTET —
E9°EET —

8T'65T —

T8'99T —

il

5/ ppm

€0°C
vo.NW
S0°C
wo.N\

00z
1L
6T°L
oL
wL
LEL
e
WL
WL
WL
€L
oL
vyl
Sb'L
L
€18 —

|

= TFsre

4f

0.5

1.0

1.5

2.0

5/ ppm

S194



169.17

138.14
"\ 128.94
12431
12023

46.77
24.47
8.69

T T T T T T T T
190 180 170 160 150 140 130 120 110

49

2.10
2.08
2.06
2.05

/
X

2.00=
2.95=

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

21000

20000

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000




1300
1200

1100

1000

900

800

700

600

500

400

300

200

r 100

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

F-200

Twee —

ST'1S —

6T°L2T ~
88821 7
15621 \

PEVET —

0990 —

49

I

5/ ppm

96y —

OH

4h

M/ﬁo.N
20'T
W\‘mo.ﬁ

Feot
Fooz

5/ ppm

5196



~ Sonoaoo @ o
5 5358338 g 3
q 3288889 g
NeSsNe
|
" y » AW g L y ' " " ¥ . |
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
5/ ppm
4i
J L SO
27T
S ® 9
S
T T T T T T T T T T T T T T T T T
9.5 9.0 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
f1 (ppm)

$197

450

400

350

300

250

200

150

100

50

16000000

15000000

14000000

13000000

12000000

11000000

10000000

9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

Y

F-1000000




147.99
—129.33
—124.29
—~122.79

1.831
0.933

1971

4i
T T T
90 80 70
5/ ppm
23IeA 3
i) T
i
g
<
3
T T T
5.0 4.5 4.0
5/ ppm

5198

2800000

2600000

2400000

2200000

2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

-200000

28000

26000

24000

22000

20000

18000

16000

r 14000

12000

10000

8000

6000

4000

2000

F-2000




550
500
450
400
350

300

250

200

150

100

50

10000

9000
8000
7000
6000
5000
4000
3000
2000
1000

6¥'5S —

tenttiatbadl

8999 —

T1°00T —

.

T0°90T —

15821 —
p6eT -
0z'€ET —

TH'8ET —

90'19T —

6v°99T —

T
170

T T T T
150 140 130 120 110

T
160

5/ ppm

980
mm.o/
060 —
om.o\
T
i V.
st
9T
@
6T
0E'T
0E'T
T€T
[421
€T
Ut
vLT
SLT
LT
LT
8L'T
6L'T
18T

mN.w/

[4 34
wm.w\

—

T

10¢

Wﬁw,vﬁ

Foae

0T

Fsoe
101

o0z

8.0

8.5

9.0

9.5

5/ ppm

S199



9000
8000
7000
6000
5000
4000

3000
2000
1000

0

550

YOI~ -

0.5

1.0

1.5

991"

809
01’9 O
4]
v1'9

91’9 O
619
LTL
0z'L
1L

22
€€s
'L
se's
6L
WL
s
8b'L

6b°L B
0521
15
157
15 1
25
25
€5
€5
€52
€52
5L
vse/
(278
6L Aﬂ —

Cl

/

€672
6L ]
562 ]
962 ]
967
16°L
16
86
6627

N

3.5 3.0 2.5 2.0

4.0

4.5

40
5.0

5/ ppm

5.5

097 —

v8'ZL —

00411
0€LTT

98°8TT
66'8TT v.
L0621
€TvTT v
ozt \

99°£TT
49821
£8°8TT \
8TTET
08°EET
S9PET
LLPET
TTovT
89°THT

£4°09T N

0L°€9T
SLE9T W.
L8°€9T

500
450
400
350
300
250
200
I 150
F100
I 50
F-50

40
110
5/ ppm
S200

Cl

120

T
180 170 160 150 140 130

190




-108.96

25000
¢ 20000
40
15000
10000
5000
o
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
40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
5/ ppm
888 a8 28 60000
Rés v @ o
e \/ %
55000
50000

/ 45000

40000
O 35000
O H 30000
o 25000
20000
6a
15000
10000
5000
A _JL Lo
g 3 £3
= - ER I-5000
T T T T T T T T T T T T T T T
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
5/ ppm

5201



=} =} o =3 =} o =} =} o
S =} =} =] = =} =} S =} o o o o =} o o o I}
N © n < @ I - 1=} =} =] S = S 1=} o o =} =
v} - - - - — — - I © N © n <+ 2l N — o v

I I I I I I I I I | I I I I I I I

ST°9S —

$6'09 — B —

E
ST'S0T —
L0621 — © -
~ _ ©

ST'8ET — O/ %
T19°€ST — -

T T T T T
160 150 140 130 120 110

T
170

5/ ppm

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

cow®
S S a
N~ o
—

SE€'L

I=z

8b

0.5

1.0

1.5

2.5

3.0

4.5 4.0 3.5

&/ ppm

5.0

6.5

I H/ém.ﬁ

—

S202



650
600
550
500
450

400

350
300
250
200
150
100
50

6500

6000
5500
5000

4500

4000

3500

3000

2500

2000

1500

1000
500
Y

-500

I=z

26°L1T —
ETTCT —

Lb'6TT —

6T'EPT —

8b

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

T
190

5/ ppm

il
87T

87’1

67T

0T

0€'T

€€°T

€€'T

YET

T T
SE'T

YOI

$9'T T
S9'T

99T

99T

91

89T

69T

mm.N/

69 —_—
0rz
oz
7
°e

€58 —

LU

Feow
Feoz

0'C
0'C

5/ ppm

5203



o o o o (=] o o o o o
0 O < o o (<) O < o~ o o o o o
o o~ ~N o~ ~N — — ~— — — 0 o < ~N o
L L L L L L L L L L L L L L L
108 — M
EV'EE— W
8L6E —
=
1
1208 —
.W,
3
1
/H E
\ c =
T o 3
v E
T -
S9'6LT —

130

180

110

120

160 150 140

170

190

200

5/ ppm

5000

4500
4000
3500

3000
2500

2000

1500

1000

ey
€17
v1'Tq
STz
ST'T
ST'T
91T
L1
612
61T
02 Y
02T
122
22T
£2°T
vz
see
rad
8T
627 ]
0e°T ]
1€ ]
1€ ]
€7 ]
ez
vee
see

9T

9T
£
8T
8€'T
[ |
6€°C
[
[
Wz
e
e
€T
€T
€T
ja x4
sv'e
9'e
YT
8y
8b'C
6c°E
66°E
e
LY'E
e
L9°€
ose
e
e
vLE
sce
sce
o€
we
oz
wwy
€Ty
e
144
9Ty
wy
8TP
9zt

9L
wL

5204



450

— 178.69
—172.76
—55.62
—52.64

—29.42
—24.83

400

350

300

250

200

150

r 100

50

A ok v i " " " Lo
. Y ¥ U Y y Al e bl | L ¥ YA " ¥ W al) bl

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

8/ ppm

45000

40000

35000

!
VA
Y
—_— 257

30000

/>_ 25000

ZT

8e

20000

15000

10000

5000

2,007
1971
295

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
&/ ppm

5205



2600

2400

2200

2000

1800
1600

r 1400

1200

1000

800

600

400

200

F-200

5000

4500
4000
3500

3000

2500

2000
1500
1000
500

ET'ST —

SP'STT —

6€°7¢T —

9€CST —

40

50

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70
5/ ppm

T
210

SP'T
8T W
0s'T

S€'€
hm.mV

or'e-7
Nv.m\

6Tv —

6L

8f

Eeot

WB.M
Tooz

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
5/ ppm

8.5

S206



2600

104.37
38.79
14.86

2400

143.68
—134.39

2200
2000
I 1800
NH
I 1600
I 1400
8f 1200

1000

800

600

400
| 200

Fo

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

22000000

N N 21000000

20000000

12.83
43
43
42
42

2.32

19000000
18000000
17000000
f 16000000
15000000
14000000
13000000
12000000
O 11000000
N C 10000000
9000000
= 8000000
7000000
6000000
| 5000000
N I 4000000
3000000

2000000

‘ 1000000
Y

F-1000000

2.00x
1.02=
2.05=
3.07=

0.9

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 10.5 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0

5/ ppm

S207



800000

750000
700000

650000

600000

550000

500000

450000

400000

350000

300000

250000

200000

150000
100000
50000

-50000

3600

3400

3200

3000

2800

2600
2400
2200
2000

1800

1600

1400

1200
1000
800
600
400
200

€€°8T —

£4°00T —

8LSTT~.
0€'91T "

80T —

o0L'gbT —
656vT

Srerr >
51517

S0°09T —

hy

160 150 140 130 120 110

170

5/ ppm

¥8'C
98T
68°C
68'C
T6°C
w6T
£6°C
¥6'C
96'C
0%
60t
60'%
60t
0Ty
ey
ey
454
j4%4
STy
9T'v
LTy
8Tv
(U4l
iaad
YAiad
6b't

08's —

6T,
614
0z
0z'Z
172
7Tl
674
0£L|
TE'LA
7€',
€L
wm.&
vEL

sez
9L
972
€70
6L

z
O o
<

8h

Fset

8t

Fooe

5/ ppm

5208



159.43
—135.95
—129.04
—~127.29

69.64

53.83

41.46

F600
550
k500
(@) 450
k400

NH

350

PN

8h 300

250
200
150
r 100

50

r-50

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
5/ ppm

8.79
6.29
4.30
4.28
4.25
4.23
243
2.23
2.23

A
NG
e

YA
222

1.36
1.34
1.32

11000

A
AN

10000

9000

8000

7000

+

o BrettPhosOxide [

5000

HN

\

P10
8i (marked with *)

4000
3000
2000

1000

1.06-
217
3.02=
3.02=
3.61-T

-1000

T
9.5 9.0 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
5/ ppm

S209



6500

NNRNRNRNNNRNRNNRNRNRNRN
6000

5500
5000
4500
NH 4000
3500
3000
2500
2000
1500

1000

500

r-500

2.00-]
o201

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

320

138.95
126.31
115.13

300
280
260
I 240
F220
| 200
180
I 160
140
k120
I 100
80
60
k40

20

WWNMMWMW VAo S A S b - O

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
5/ ppm

S210



16000
15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

-1000

1000

900

800

700
600
500
400
300
200
100

S6'T~_
67

seL
gL
L
€L
6€L
ovL
obL
L
L
vhL
soe/
(272N
€L
vl
vl
sLL
sLL
e
we
we
8Lt
08

10a

%mm.o

6°T
0T

0.5

1.5 1.0

2.0

4.5 4.0 3.5

5/ ppm

5.0

06'9C —

96°92T —
[ e
8E°TET
POET ~

L¥'89T —

ZT

10a

130

110

120

160 150 140

170

5/ ppm

S211



BB8BBEIRRIIAAAARRANNS Se5888 8
NN NN A N N PRI .
N
|
|
J N )
g 2 9 & p
< N st B &
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
5/ ppm
B ® 888 P
o = = oo @ wn
2 3 A28 s 4
S I aqy & A
I 4 [
N
|
|
| ||
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
5/ ppm

S212

14000000

13000000

12000000

11000000

10000000

9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

r-1000000

5500000

5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

-500000



o o o o o o
(=} (=} i<} =3 (=] (=] [=3 (=3 [=] [=] (=] [=3 (=3 [=] o
o o o o o o o o o (=] o o o (=3 I=) o o o o o o (=3 o o o (=3 o o
<+ (] o~ — o o o o o o (=} o o o et o n o n o n o n o n o n o o
— — — - — (=) @ ~ o wn <+ ~M™ ~N — ) ~ ©o ©o wn wn < < [l [l o~ ~ — — n o
Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il
st}
e
<
-
88'97 — -
n
L2 3
<
e
1
e
8v'ss — —_—
STy . |lo
677 Tm T L3
1
[l
we— o€ _3
Feoe |
<
/NH § \
v a
|08 ZT
° o
o
9 L3 3)
o o
- -
5
al
e} 08'ETT —
O ]
S /
o
pE9— / To.o vo'LeT — —
n 671 —
og'0 L2 seset
89
88'9
68'9 —_ _ .
06'9 - Fees e
16'9 ~
269
ore n
E.N% r~
we
L —_— HHHHHMMMHM Fooz
vl
SLL ww
uL PL29T — E—
0 b6'£9T — ——
"o

T T
140 130

150

160

110

120

170

5/ ppm

5213



299
~-2.97

N
F3C\o
) JL i M

'Z' T ! e

s & S 8

g & g g

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
5/ ppm
a 2 % 8 g8 o
~ - M © NS ® <
g 4 78 d8% S
(. N/
N
++
F3C\O
| |
| |
I 1L
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
3/ ppm

S214

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

2500
2400
2300
2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

o




70000

-57.78

65000
60000
55000

50000

O 45000
10d

Iz

F3C.

40000
35000
30000
25000
20000
15000
10000

5000

-5000

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

25000

—6.76

674
—6.56
382
<30
290
29

I-24000
23000
22000
21000
20000
19000
- 18000
/ / / // 17000
16000
15000
MeO e 14000

13000

Iz

12000

MeO

+11000
10e I 10000
I-9000
8000
+7000
16000
5000
14000
! 3000

2000

1000

-1000

F-2000

1.00x
1117
1,027
o | 0965
6.161
3.021

$215



800
750
+700
650
600
F550
500
450

400

350

300

250

200

150

100

50

15000
14000
13000
12000
11000

10000

9000

8000
7000
6000

5000

4000

3000

2000

1000

Y

r-1000

8897 —

96°SS
mm.mmv.

ZT

L2011~
ot

6¥'6TT —

10e

e —

MeO
MeO

98'8bT —
$SIST —

L6°L9T —

T T T T T T
160 150 140 130 120 110 100

T
170

5/ ppm

e~
677

€0'L
bO'L
v0'L
S0°L
S0z
90,
90°¢L
90°¢L
0L
20
20
80°L
80°L
60°2
612y
0T'Ly
7L A
LA
LA
PTLN
sze
952~
95°¢
15t
5L
65
652
652
092 ]
09
29 ]
29 ]
Nw.g
€92

829

]

f/

90°'TT —

ZT

S
NH
10f

=Ire

00z
Fso1

Teso

0.5

2.0 1.5 1.0

2.5

3.5

11.0 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
5/ ppm

11.5

5216



1700

1600
1500

1400

1300

1200

1100

1000

900

800
700
600
500
400
300
200
100

13000
12000
11000
10000
9000
8000
7000

6000
5000
4000
3000
2000
1000
r-1000

L9t —

$9°20T —

OT'ETT —

82021 \
we
9EvTT
orser”
ELTET—
S9OLET~_

06291 —

82°90C —

zZ

I

NH

10f

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110
5/ ppm

210

11a

Tset

Fs6'1
Tooz

5/ ppm

S217



1800
1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

13000

12000
r11000
10000
9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

YEPT —

SP'1E
om.ﬁmw
v8'ze
nm.ﬁm\

£4°09 —

5089 —

98'ELT —

11a

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
5/ ppm

190

240 230 220 210 200

61T
07T
12T
2%
€21
STT
S6°T
S6'T
£6'1

007

e —m—o
207y
€07y
61T
mﬁ.L
072
127
[\
vz~ —_
lzasd
v6'
S6'T
96
967
867
867
667
00°€
10°€
€0'€
90y
80y
a4
€T
€€
mm.vV
£

mN.v/

SLy
9Ly N
8L'Y

11b

Fuee

5/ ppm

5218



1100

173.07
e 77.25
60.56
34.85
34.67
\-31.81
\-28.87
14.28

<

1000

900

800

700

600

11b

500

400

300

200

100

T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 0 -10 -20
5/ ppm

13000

7.21
7.19
7.17
7.14
4.16
4.13
4.11
4.08
—3.68
—3.59
2.95
2.93

Bl
/ I 12000

I
N7
A
X
-

11000
10000

9000

(@) 8000
\O o/\ 7000

0 6000

11c 5000
4000
3000
2000

1000

4.00J
214
2.93x
2,002
2,01
2,001
371

r-1000

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

S219



=
o o o o o o o o o (=3 o
o o o (=3 o (=] o o (=3 (=3 o o o o o o o o o =3
o o (=] o o o (=} o o o
L L L L L L L L Il Il L L L L L L L L Il Il
o
ro
o
r
€T
re sTT
8T
8e'T
F2 8T Foee
67T — e1-f T —— Toov
o [
N ov'T / Tg
= W
Lo T
5908~ S “ $o'T
. we
b6'SE— A\
: SN _ .
80P~ 53 X7 Feot
434
o
FR
2res —
o
2509 — re
o
™~
Lo 60t
*® Y
€Ty
o E — = =
e ey Reoe
9y =7 — = 00T
LS 8ey e _ o0t
- mv«&
15
128 £y
-~
w
o
N
3 a
$9'8TT ~_ o
bh6TT— ra
p61E1
) S
£5°661 — FS
o
Lwn
a
L8 O
2
o @)
|
U~ e -
ASE
8
ra ©
-
(3] o -
- F3
-

240 230 220 210 200

5/ ppm

S220



600

173.89

~85.30

\-83.12
60.38

550
500
P N
400
350
300
250
200
150
100

50

) | | |

y " ¥ ¥ ol 4

T T T T T T T T T T T T T T T
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 -20
5/ ppm

20000

-218.28

19000
18000
17000

r 16000

O 15000
F /\/\/\)J\O /\ 14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

-1000

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
40 30 20 10 0O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
5/ ppm

5221



16000

15000
14000
13000
12000

11000

10000
9000

8000

7000

6000

5000

4000

3000

2000

1000

Y

r-1000

360
340

320

300

280

260

240

220
200

180

r 160

r 140

120

100

oy
61T
61T
0’1
1T
€T
vrrg T
ST'T
9T
e
8’1
87’1
0€'T

WA
2R
vz
bbL
by
9L
1572
[
€572

PS'L

oy
vS'L

5
697
o
12
L]
€2
veL
see?

—m

11e

Feve

Fsoz

660
Hg60

FO0'T

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

4.5

5.0
5/ ppm

T
5.5

€Y —

09°2e —

°°wo9 —

6Y°LTT —

€9 7
68°92T \
Op'EET —
ETLET —

EP°T9T —

v8TUT —

11e

-20

-10

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
5/ ppm

190

240 230 220 210 200

S222



BHBI ANEEINNGSEE58RRBIBRRNKN RRRREIJJAIASA
o o S R o i e P i s e DR AR B R e B B
I A
N TSN TSN SN
|
|
I | || 1
A |
3 44 g PR
3 R @ 2 - ~
T T T 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 1.0 0.5 0.0
5/ ppm
3 N NN o oy
o < o] aN 0¥ 00
5 £ 88 58 ZELELS
v \/ NS
N N N P 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
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 -20

5/ ppm

5223

9000

8500

8000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000




11000

10000

9000
8000
7000
F-1000

6000
5000
4000
3000
2000
1000

1700

1600

1500
1400
1300

1200
1100
1000
900
800
700
600
500
400
300
200
100

€S°T
st
vS'T
SS'T
ss1
95T
98'T
(ST
(ST
85T
6S°T
09'1T
091
o1
€9'T
+9'T
9T
991
49T
89T
891
69T
0Lt
LT
7T
stz
brard
9T
e
e
a7e
e
87T
0€'T
0£'z
90t
60
0T’y
Ty
32

0.5

1.0

AN - Fser

Foze

1.5

2.0

3.5

F ooz

4.5

11g

5/ ppm

SEPT —

99T~
65'87 ~
09276~
ETEE T
£E°bE 7
€6'8€

€09 —

YTPLT —

1g

-20

-10

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
5/ ppm

190

240 230 220 210 200

5224



15000
r 14000
13000
12000
r11000

10000

9000

8000

7000

6000

5000
4000
3000
2000
1000

Y

r-1000

850
800

750

700

650

600

550

500

450

400

350

300

250

200
150
100
50

YT N

9Tt
87T 7

0Lz
we
€Le
€Lt
(744
SLt
9T
9T

SEL
9L
£l
8E'L
6E°L
WL
vl
W
e
6v'L
6v'L
052
15°Z
[
vs'L Y
vS'L
5572
1S°LA
1572

€LL
€LL /
YL \

SEL
oL
oL
€8¢ &
o8t

982 ]
88 ]
88/ |
68 ]
16
£0'8 |
08 |
v0'8 ]
0’8
s0'8
208
%08
08

L

=

11h

Froe

Fozz

H/NE

44
20T
10T

H\dc.ﬁ

0.5

1.5 1.0

2.0

3.0

5/ ppm

SEPT —

LT8¢ —

op'se —

79°09 —

SS'ETT
69°5CT
s
£0°921
81°9¢T
vT L
00°6ZT
LLTET
€0'PET
TL9ET

==

ITELT —

11h

-20

-10

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
5/ ppm

190

240 230 220 210 200

S225



15000

14000

13000
12000
11000
10000
9000
8000
7000
6000

5000

4000

3000

2000

1000

r-1000

100

90

80
70

60

50

40

r30

20

r10

or'T
T
ET'T
€T
9T'T
ma.ﬁv
8T'T
0z't
1T
wn

19T
¢w.NW
99°C
ON.N\
mo.m/

or'e
mﬂ.m\

w0
vO'v W
L0'v
60t \

YL
STL
L
&ZL
8TL
62°L
6TL
€L
1€L
WL
V'L
SvL
ShL
vS'L

=)

i

CN

Fese

Fsoz

Freoz

Foaz [

T
5.5

Tz.w
TT [0
o1 [N

9.5

10.0

5/ ppm

TEPT —

5562 —
6LPE —

9L09 —

0sZIT —
68°LTT —

£0°£2T —
et —
66°CET

vrbbT —

80°2LT —

CN

11i

AR AN A AN |- O

o

-20

-10

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
5/ ppm

190

240 230 220 210 200

S226



5500
5000
4500
4000

3500
3000
2500
2000
1500
1000
500

F-500
60

—

11j

5/ ppm

3 2 < S = ] ] Q 4 S in °
L L L L L L L L L L L L
6192
TE'6T W T
88'67 w L
61087 -
6v'2€ )
00°2€ \

+0'89 ~
8269~

SE€LL— —

L6'TLT — —

i

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
5/ ppm

230




12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

850

800

750

700

650

600

550

500

450

400

350

300

250

200

150

100

50

AN
€T
149}
ST'T
9IT'T
LT'T
LT'T
8T'T
6T°T

mﬂﬁw
wn
wn
€T
YT
YT
9T
9T
Z’T
0E'T
€T
Ly'T
0S'T
ST
SS'T
SS'T
98T
v
95T
95°C
65T
19°C

STE ]
97€ |
62°€ |
o' |
ece ]
ve'e |
€8¢
98¢ |
98¢ |
og'c ]
g€
88'c
8g'c
06
06°€
06
16
6
(33

60°L
60°L
L

[AwA
L

7
8T n\x
61°L

11k

L—to

M\NN.N
Tm.m

Fse1

Fuet

4.0

T
5.5

5/ ppm

I8ZE~
wee =,

e
885"

1789 —

S8'S7T —
8b°82T —

89°ZHT —

11k

-20

-10

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
5/ ppm

190

240 230 220 210 200

S228



5000

4500

4000

3500

3000

2500

2000

1500

1000

500

Y

r 140

130

120

110

r 100

90

80

=70

60

50

40

30

20

r10

661 ]

(454

s

11

Fes

[ads
60T

st

F ooz

0.5

2.0 1.5 1.0

2.5

3.0

3.5

4.0

4.5

T
5.5

7.5

9.5 9.0 8.5 8.0

10.0

5/ ppm

[4a4s
LEPT
6T

| x44 ”
ND”NN /
L¥'6T /

T0°0€ ~

€0°ce
0€°cE N
vSZe \\‘
6£°9€

87°09 —

6T VLT —

11

UL

N

-20

-10

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
5/ ppm

190

240 230 220 210 200

S229



19000

18000
17000
16000
15000
14000
13000

12000

11000

10000
9000

8000

7000

6000

5000

4000

3000

2000
1000

1000

900

800

700
600
500

400
300
1200
100

o't
wn
wn
€T -

YT
ST
sT1

wm.N/
€97
ﬁm.N/

€6'C—F
cm.w\

98¢
80t
80t
60t

T —
S.vW
:”.\N _

454
€Ty
STy
184
194

oT'L
0z'L
1L
1L
1L

mc.mv

€9°¢

11m

4.0

Fsez

4.5
5/ ppm

5.0

=880

0EPT —

£9°657 —

66'PE —

€78 —

8909 —

97871 —

£9EET ~
PTPET "

08 1bT —

vLTOT —

65°7LT —

11m

T T T T T T
170 160 150 140 130 120

T
180

5/ ppm

S230



S 8 8 8 § | 8 8 8 & | 88 o o o o : S8 &§8 8 R 8 B 8 B 8 8 8 0o 90 © @ © o o o o
(2} mMm ~N ~N o~ (Y] ~N — — — — — @ O <+ o~ o D o~ — — — — — — — — — — (s} @ ~ O wn < ~™ ~N — o
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
n
ro
o
6T\ -
i advd _— hbe e YT — e
244
1
Lo _
=
° 201E— —_—
e z5'sE— —_—
097 i
e
No.NW E— F96T e _
coT (a4
67 L
(=]
867 —_— - =007 | 0 —
mm,N\ 5909
5
e
88'c >
20p - B — =667 | o
S.vﬂ L2
1wy — = FSbe
(487
n
r<
£
o &
FR &
w0
" E
®) [ paaas le)
6t'82T
£L6e1
Le mo.mﬁ\ O
o
=
-— n opT —
» PTObT —
- e c
-
-
4
[~
STLN - .
L o - =o'z PT LT — -—
n
F voTLT — -——
6L~ - / 7 | o
s6L” J 00T L2 O
\n
[T oo
<
o
5
o

20

90 80

110
5/ ppm

T
220 210

T
230

S231



7.74
{7.73
7.72
,-7.25
N-7.22
\7.20
/4.15
<in
\4.09
98

96

94

63

61

/)

O\

110

=
e

L

200 =

1.94 1

11.89

4.36 1

o7 203

w
w»
w

7.0 6.5 6.0

172.92
— 144.05
—135.15
— 127.86

83.82

60.55
\-35.87
~31.28
Ve 24.98

1o

Lol

1.

5

—14.33

1.0

0.5

0.0

F3.5x10

F3.0x10’

F2.5x10’

F2.0x10’

F1.5x10’

F1.0x10’

F5.0x10°

0.0

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

|--100000

T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90

5/ ppm

S232

T
-20



30.90

3.02=

O
O/\
O\
B
O
1o
70 60 50 40 30 20 10
O
O/\
1Mp
O\
|
&
6‘5 6‘0 5t5 5‘0 45

5233

7000000

6500000

6000000

5500000

5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

Y

-500000

--1000000

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

r-100




900
850

800
I 750
1700
650
600
550
500
450
400
350
300
250
200
I150
F100
I 50

6500
6000
5500
5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

0EvT —

EeTeE—

S8'6E —

0£'85 —
7509 —

5786 —

9€°90T —

95°09T —

¥T'88T —

11p

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
5/ ppm

190

240 230 220 210 200

80

060 V -
%0-7
860 \

06'T

6T

v6'T

S6'T

96'T

L6'T

86T —
66'T

10

10T

€0C

50T

[
w®e %

A —_

bEE
SE'E N
LEE

9€Eh
8EY /
65 L

e

om.v\
£Sv

95y

1L

11q

T'E
1€

Foot

oot
Feot

Wﬁﬁ.N
Fooz

5234



850

800

750

700

650

600

550
500
450
400
350
300
250
200
150
100
50

12000000

11000000

10000000
9000000

8000000
7000000
6000000
5000000

4000000
3000000
2000000
1000000

-1000000

SS'8T ~
66T

8TeE—

ST'8y —

S6'€L —

Sb'60T —

817071 ~
TSI~
ST'82T~\_
55621 —

15091 —

11q

T T T T
240 230 220 210 200

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
5/ ppm

190

110 /

U

(0]
1Mr

Fes's

Feer
Fert
Fevt
Feet
Fer

Bers
ke
peoT

009

5/ ppm

5235



[~ 800000

750000

700000

650000

600000

550000

500000

450000

400000

350000

300000

250000

200000

150000
100000
50000

r-50000

5000

4500
4000

3500

3000

2500

2000

1500

1000

500

18°1C v

L5°TC

6€°0€ ~
TEEE~
9THE

SE'6E —
oLy —
TS

vLTS v

09—

6EELT —

1Mr

120

180

110

160 150 140 130

170

190

5/ ppm

9LE
hn.mv

8L€E

649
08'9
189
289
69\

£6'9
v6'9

569

1/

OMe

Cy

/
Cy
MeO

P8

v TT

9°ET

Foro

Feoz

oot

N

5/ ppm

5236



- 56.01
L5572

I Uy v
Cy’}D OMe
Cy
MeO
P8
| l
J |
1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 éO éO
3/ ppm
cy-P OMe
Cy
MeO
P8
g ¢

T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20  -40

5/ ppm

S237

T T T T T T T T
-100 -120 -140 -160 -180 -200 -220 -240

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

170

160

150

140

130

120

110

r 100

90

80

70

60

50

40

30

20

r10

r-10

F-20



8.5

LY'EST
TS'EST \-

(=] (=] [=3 (=3 (=3 o o [=] (=] o (=3 [=3 (=3 o o
o o o o o o o o o o o o (=] o o o o o o o o o I=) I=)
S 888 8 8 8 88 8 8 888 8 888 8 8 8 8§ S 3
S 8888888888888 8888 cc o oo oo o oo 8 8 S & &6 6 &6 6 &6 &6 © © © & © 6 & & & 6 © © © © S 8
n £ M d 4~ © & © N O LW ¥ m & A © © 9 © © O © O o o - N 4 © o w0 KN v 1 ¥ m® N 4 o 9O 9 O 9O o 9O 9o O O - N
AR TR A D AT T AT D D U S0 A0 D Y F 9 F F 9 f P S8R BT R I F ey
L L L L L L L L L L L L L L L L L L L L L L L L L L L L
060 Le
260 o
or'T
€T o
bTT n
Clas re
LT
81T
127 ﬁ — o9 o 88'€Z
€277 L2 20t
R.jw sz
6CT\E 9'02 s7'9z W
0T —p 16'92 —_—
ﬁm.&w \n ¥6'92
ee1f ot | T vE'LZ
?.&M / Twoﬂ ?.R\ _
% 3 om.om\
S ; ~ Free| o 69°€€
. L[ 86'6€ ~
w N Fesre b0y <
8v'T
05T
ST otz LW
ST ~ F o
vs1 ]
ot 96'b5 ~
vo'T / W T | o €755~
69'T F e
Ve
(28
w
8T ]
6L'T — Froe [ ™
B.ﬁﬁ
6T — = o0€
oz ff o
w0 Fe _
€T
€07 E )
v0'T
S0z Lo} wmw = ()
907 > [ 5 e) k)
. =
L0T O d 3
o1z )
154 (o) (@) [ m (%]
4% 7] o ]
e bulle) <
vre o < " Q
9T a Fu O =
e @) = : Oo=0-.% o
152 o= o 0g'80r \ S
18T = > 0 o 88'80T o= (a0}
68 \O's o lo 8Tt — > —
w67 > © (@]
ss'€
€8'c o [7431 8N
" 60121 ~ —3
£8'9 e 88°1e1 7
¥8'9
98'9
89 _ u\h,mg o _
0597 / —— W st | o £9°0€T —
e69 7 N
96'9
-/ 16261 — ——
1
I~
PSSHT ~ =
oT'orT
Le 9T'EST
® 8z'est —

150

130 120 110

140

160

5/ ppm

5238



90
80
70
60
50

140

30

20

10

r-10

800
750

700

650

600

550

500
450

400

350

300

250

200

150

100

50

-50

¥0'8F —

OMe

0]
I
P
/
y

Cy~

C
MeO

P10
BrettPhosOxide

60
960
£T'T
ST'T
61T
€T
9T
a1
6T T &
LET~
61
YT
LT~
YT

£€8'T \
L8'T
LET
8ET

o'z
o'z
(A4
w'e

88'C—
om.N\
6T

5/ ppm

86'9
9L
8T°L
81°L
[
61'L

ov'L
oL
WL
'L
WL
€L
&L
'L
Sb'L
Sb'L
9L
89,
LYAVA
7L

~ S T

XPhosOxide

Feet
F oot

M\ L0z
F oot

0.0

1.0

1.5

2.0

2.5

5/ ppm

S239



2100000

2000000
PN DR S

1900000
1800000
1700000
1600000
1500000
1400000

2
Cy /? 1200000

Cy s I 1100000

1000000

P 2 o 900000
XPhOSOXide I 800000

700000

1300000

600000
500000
| 400000
300000
200000

i

Y

-100000

-200000

T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
5/ ppm

44.55

60
l55
50
F45
40

35

30

Cy’F
Cy s L2s
P20 |20
XPhosOxide

15

r10

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
240 220 200 180 160 140 120 100 80 60 40 20 0 200 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240
5/ ppm

S240



5000

4500

4000

3500

3000

2500

2000

1500

1000

500

2400000
2300000
2200000

2100000

2000000

1900000

1800000

1700000

1600000

1500000

1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

0

-100000

-200000

0T
807 |
60T |
€17 1
91T
91T |
07’7
2T
ras
87T
621
TETA

€T ¢

vE'T
se'T
9T
66T
7
1
€1
St'T ]
o1 ]
151 ]
8v'1 ]
61 ]
(5T
09T
I3
€T
bo'T
ST
99T
91
89T
69T
oLt
[ 75
bLT
o1
64T
852

19'9
v9'9
pTL
STL
STL
STL
oT'L
oL
A9
A9
8L
8T,
67'L
1€
€€/
9L
€L
by
vbL
9v'L
9Ly
1L
6b°L
05°L
05°2

o
n
~

sL
€S,
A
£€8°L
v8'L
98°L
98,
L8°L
(8L
88,
06°'L
062

—=

S

-

P30
SPhosOxide

F8s

Fooz

Res0
Ferr
w\ $0'T

Foot

0.0

0.5

1.0

1.5

2.0

2.5

5.5

6.0

6.5

7.0

7.5

8.0

8.5

18°'ST
S8°'ST
£6'ST
+6'ST
109
50°92

€L°9C
SL°9T
98°9
88°9C

00°2E ~
s9'Le "

79's§ —

6V°E0T —

Y0'6TT
90°6TT v

€921
¥S'9CT /.
0€'62T
£5°0€T W
SS0ET 7
00°T€T \
T18°TET
89°ZET
8L°TET
€8°TET
T6'TET
S9'8ET
TL8ET

167451 —

MeQO,

OMe

11
P

Cy~

cy

P30
SPhosOxide

130

110

120

150 140

160

5/ ppm

S241



240
k220
200
180
I 160
I 140
k120

100

80

60

40

20

r-20

2400

2000

1900

1800

1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600

500

400

300

200

100

Y

r-100
-200

vrily —

P30
SPhosOxide

:
-240

T T
-40 -60 -80 -100 -120 -140 -160 -180 -200 -220

T
-20

5/ ppm

0]
I
F)
/
y
P40
DavePhosOxide

Cy~
C

S

68

e

Feoz

w 144

F oot

0.5

1.0

1.5

2.0

2.5

3.0

4.0 3.5

4.5
5/ ppm

N

8.0

8.5

5242



3 © ATMN HDMLWOTNO L HO DN
- TEITLTLTMANNLTOOOS®BY O N e QN —T RRENNOVOYOQARNNW
£ Iinanaonofamadngly ¥ ARRY 8889898 8NLNHEY
[V s e | SN Nt
(0] -
I
Cy/P /
cy Q
DavePhosOxide
|
| |
W . .
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
5/ ppm
2
S
(0] -
I N
Cy’P /
Cy s
DavePhosOxide
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
240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240
3/ ppm

5243

1800000

1700000

1600000

1500000

1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

0

-100000

300

280

260

240

220

200

180

r 160

r 140

120

100

80

60

40

20

r-20




PN NN NN k¥
s/ O
IBU/,D
Bu s
P50
JohnPhosOxide
E 858
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
3/ ppm
VOV s VA
O
I
tBU//P
Bu ‘lii!
P50
JohnPhosOxide
I
[ .
T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30
3/ ppm

S244

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

2000000

1900000

1800000

1700000

1600000

1500000

1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

Y

r-100000




52.57

P50
JohnPhosOxide

T T
80 60 40 20 0 -20  -40

T T T T T T T T
-100 -120 -140 -160 -180 -200 -220 -240

k230
t220
k210
200
190
+180
k170
160
150
t140
+130
F120
110
+100
+90
180
170
60
50
140
F30
120

10

r-10

F-20

4000

3500

3000

2500

2000

1500

1000

500

5/ ppm
(0]
I
g
MeO
OMe
MeO
P60
gl
£
45 40 iS iO iS iO iS 65
3/ ppm

$245



120

28.87

110
100

90

/@/P 80
MeO

OMe 7

=0

60
MeO
P60 F50

40
30
20

10

r-10

T T T T T T T T T T T T T T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240

5246



8. References

[1] A. Garay-Talero, P. Acosta-Guzman, D. Gamba-Sanchez, Adv Synth Catal 2023, 365, 4576.

[2] H.Li, Y. Liu, S. Chiba, Chemical communications (Cambridge, England) 2021, 57, 6264.

[3] J.Klett, .. Wozniak, N. Cramer, Angewandte Chemie (International ed. in English) 2022, 61,
€202202306.

[4] A. Millan, L. Alvarez de Cienfuegos, D. Miguel, A. G. Campafia, J. M. Cuerva, Organic letters
2012, 14, 5984.

[5] P. Nandi, M. Y. Redko, K. Petersen, J. L. Dye, M. Lefenfeld, P. F. Vogt, J. E. Jackson, Organic
letters 2008, 10, 5441.

[6] K. B. Abdireimov, N. S. Mukhamedov, M. Z. Aiymbetov, K. M. Shakhidoyatov, Chem Heterocycl
Comp 2010, 46, 941.

[7] J. Soika, C. McLaughlin, T. Nevesely, C. G. Daniliuc, J. J. Molloy, R. Gilmour, ACS Catal. 2022, 12,
10047.

[8] Y. Yamazaki, M. Sumikura, Y. Masuda, Y. Hayashi, H. Yasui, Y. Kiso, T. Chinen, T. Usui, F.
Yakushiji, B. Potts et al., Bioorganic & medicinal chemistry 2012, 20, 4279.

[9] S. Lucas, R. Heim, M. Negri, I. Antes, C. Ries, K. E. Schewe, A. Bisi, S. Gobbi, R. W. Hartmann,
Journal of medicinal chemistry 2008, 51, 6138.

[10] A. G. Dikundwar, P. Chodon, S. P. Thomas, H. Bhutani, Crystal Growth & Design 2017, 17, 1982.

[11] M. Bera, S. Agasti, R. Chowdhury, R. Mondal, D. Pal, D. Maiti, Angewandte Chemie (International
ed. in English) 2017, 56, 5272.

[12]J. A. Buonomo, C. G. Eiden, C. C. Aldrich, Chemistry (Weinheim an der Bergstrasse, Germany)
2017, 23, 14434.

[13]H. Yu, X. Lin, G. Xu, T. Yin, Y. Zhang, J. Liu, J. Chen, S. Meng, J. Yuan, L. Dang et al., Adv Synth
Catal 2023, 365, 3101.

[14] C. Laye, J. Lusseau, F. Robert, Y. Landais, Adv Synth Catal 2021, 363, 3035.

[15] G. Tan, F. Paulus, A. Petti, M.-A. Wiethoff, A. Lauer, C. Daniliuc, F. Glorius, Chemical science
2023, 14, 2447.

[16]G. Tu, D. Wang, C. Yuan, J. Zhang, Y. Zhao, The Journal of organic chemistry 2020, 85, 10740.

[17]1. A. MacKenzie, L. Wang, N. P. R. Onuska, O. F. Williams, K. Begam, A. M. Moran, B. D.
Dunietz, D. A. Nicewicz, Nature 2020, 580, 76.

[18]Y. Yuan, Y. Gu, Y.-E. Wang, J. Zheng, J. Ji, D. Xiong, F. Xue, J. Mao, The Journal of organic
chemistry 2022, 87, 13907.

[19]J. H. Kuhlmann, J. H. Dickoff, O. G. Manchefio, Chemistry (Weinheim an der Bergstrasse,
Germany) 2023, 29, €202203347.

S247



[20] Y. Norimura, D. Yamamoto, K. Makino, Organic & biomolecular chemistry 2017, 15, 640.

[21]T. Si, H. Cho, H. Y. Kim, K. Oh, Organic letters 2022, 24, 8531.

[22] T. Manna, A. Rajput, N. Saha, A. Mondal, S. C. Debnath, S. M. Husain, Organic & biomolecular
chemistry 2022, 20, 3737.

[23]W. Xu, Y. Nagata, N. Kumagai, Journal of the American Chemical Society 2023, 145, 2609.

[24]J. P. Cole, D.-F. Chen, M. Kudisch, R. M. Pearson, C.-H. Lim, G. M. Miyake, Journal of the
American Chemical Society 2020, 142, 13573.

[25] L. Dinh, H. Starbuck, T. Hamby, M. LaLama, C. He, D. Kalyani, C. Sevov, Persistent Organonickel
Complexes as General Platforms for Csp2-Csp3 Coupling Reactions, 2023.

[26]Y. Hu, Y. Gao, J. Ye, Z. Ma, J. Feng, X. Liu, P. Lei, M. Szostak, Organic letters 2023, 25, 2975.

[27] X. Wang, X. Zhang, L. Xue, Q. Wang, F. You, L. Dai, J. Wu, S. Kramer, Z. Lian, Angewandte
Chemie (International ed. in English) 2023, 62, €202307054.

[28]J. Dey, S. Kaltenberger, M. van Gemmeren, Angewandte Chemie (International ed. in English) 2024,
63, €202404421.

[29] X. Wu, W. Chen, N. Holmberg-Douglas, G. T. Bida, X. Tu, X. Ma, Z. Wu, D. A. Nicewicz, Z. Li,
Chem 2023, 9, 343.

[30]H.-C. Hu, Z.-P. Wang, L. Liang, X.-Y. Du, T. Li, J. Feng, T.-T. Xiao, Z.-M. Jin, S.-Y. Ding, Q. Liu
et al., Chemistry (Weinheim an der Bergstrasse, Germany) 2024, 30, e202303476.

[31] X. Wang, Z. Chen, Q. Liu, W. Lin, X. Xiong, Chemical communications (Cambridge, England)
2022, 58, 13325.

[32] Z. Hao, J. Xu, Q. Dong, H. Xu, Z. Ma, J. Lin, G.-L. Lu, Journal of Organometallic Chemistry 2024,
1005, 122981.

[33] X.-P. Tu, L.-L. Wei, K.-X. Zhang, Y. Chen, M.-D. Zhou, Tetrahedron 2024, 160, 134028.

[34] K. Kubota, J. Jiang, Y. Kamakura, R. Hisazumi, T. Endo, D. Miura, S. Kubo, S. Maeda, H. Ito,
Journal of the American Chemical Society 2024, 146, 1062.

[35] B. I. Vergara-Arenas, E. Garcia-Rios, R. Gavifio, J. Cardenas, A. Martinez-Garcia, E. A. Juarez-
Arellano, A. Lopez-Torres, J. A. Morales-Serna, RSC advances 2024, 14, 31675.

[36] H. Nakahara, R. Isshiki, M. Kubo, K. lizumi, K. Muto, J. Yamaguchi, Chem 2024, 10, 2916.

[37]H. Talukdar, D. Gogoi, P. Phukan, Tetrahedron 2023, 132, 133251.

[38] K. Ishizumi, A. Kojima, F. Antoku, Chemical & pharmaceutical bulletin 1991, 39, 2288.

[39]C.-L. Lee, Y.-L. Jhan, H.-M. Chiang, Y.-H. Chen, C.-J. Chen, Y.-S. Chang, Natural product
research 2022, 36, 3133.

[40]B. B. Shaik, S. B. Mohite, S. Partap, V. Kumar, S. Vangara, M. D. Bala, P. Singh, R. Karpoormath,
Tetrahedron 2024, 154, 133866.

5248



[41] A. K. Guin, S. Pal, S. Chakraborty, S. Chakraborty, N. D. Paul, The Journal of organic chemistry
2023, 88, 5944.

[42]Y.-J. Kwon, W.-S. Kim, Adv Synth Catal 2022, 364, 1440.

[43]J. Ferreira, S. C. M. Rees-Jones, V. Ramaotsoa, A. Msutu, R. Hunter, Organic & biomolecular
chemistry 2016, 14, 1545.

[44] D. P. Kennedy, C. M. Kormos, S. C. Burdette, Journal of the American Chemical Society 2009, 131,
8578.

[45] T.-C. Lin, S.-T. Cho, C.-L. Wu, N. E. Setyatama, P.-H. Tung, B.-Y. Hung, J.-H. Lin, P.-E. Jan, P.-H.
Tsai, H.-W. Lin, Chemical communications (Cambridge, England) 2024, 60, 5948.

[46] A. Carral-Menoyo, I. Barbolla, C. Santiago, M. Espinel, N. Sotomayor, E. Gomez-Bengoa, E. Lete,
Eur J Org Chem 2024, 27.

[47]V. Vyas, V. Kumar, A. Indra, Chemical communications (Cambridge, England) 2024, 60, 2544.

[48]G. Z. Raskil’dina, Y. G. Borisova, L. V. Spirikhin, S. S. Zlotsky, Russ J Gen Chem 2017, 87, 1097.

[49]R. J. Mandle, L. C. Abbott, L. Fritsch, R. R. Parker, S. Hart, A. C. Whitwood, S. J. Cowling, J. N.
Moore, J. W. Goodby, J. Mater. Chem. C 2022, 10, 5934.

[50]Z. Deng, S. Han, M. Ke, Y. Ning, F.-E. Chen, Chemical communications (Cambridge, England)
2022, 58, 3921.

[51]A. L. J. Beckwith, D. M. O'Shea, S. W. Westwood, J. Am. Chem. Soc. 1988, 110, 2565.

[52]W.-Q. Wu, Y. Lin, Y. Li, H. Shi, J. Am. Chem. Soc. 2023, 145, 9464.

[53]T. Wan, L. W. Ciszewski, D. Ravelli, L. Capaldo, Organic letters 2024, 26, 5839.

[54] M. Zaidlewicz, A. Wolan, Journal of Organometallic Chemistry 2002, 657, 129.

[55]J. Fan, Y. Dai, J. Shao, X. Peng, C. Wang, S. Cao, B. Zhao, J. Ai, M. Geng, W. Duan, Bioorganic &
medicinal chemistry letters 2016, 26, 2594.

[56]R. D. Riley, B. S. N. Huchenski, K. L. Bamford, A. W. H. Speed, Angewandte Chemie (International
ed. in English) 2022, 61, e202204088.

[57] F. Neese, The ORCA program system Wiley Interdiscip. Rev.: Comput. Mol. Sci. 2012, 2, 1, 73.

[58] P. Pracht, F. Bohle, St. Grimme, Phys. Chem. Chem. Phys. 2020, 22, 7169.

[59] H. Kruse, S. Grimme, J. Chem. Phys. 2012, 136, 154101.

[60] E. Caldeweyher, C. Bannwarth, S. Grimme, J. Chem. Phys. 2017, 147, 034112.

[61] E. Caldeweyher, S. Ehlert, A. Hansen, H. Neugebauer, S. Grimme, J. Chem. Phys. 2019, 150, 154122.

[62] S. Grimme, A. Hansen, S. Ehlert, J.-M. Mewes, J. Chem. Phys. 2021, 154, 064103.

[63] A.V. Marenich, C.J. Cramer, D.G. Truhlar, J. Phys. Chem. B. 2009, 113, 6378.

[64] S. Grimme, S. Ehrlich, L. Goerigk, J. Comput. Chem. 2011, 32, 1456.

S249



[65] S. Grimme, J. Antony, S. Ehrlich, H. Krieg, J. Chem. Phys. 2010, 132, 154104.
[66] F. Weigend, R. Ahlrichs, Phys. Chem. Chem. Phys. 2005, 7, 3297.

[67] F. Weigend, Phys. Chem. Chem. Phys. 2006, 8, 1057.

[68] A. Hellweg, C. Hattig, S. Hofener, W. Klopper, Theor. Chem. Acc. 2007, 117, 587.

S250



