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1. General Information

All reactions are conducted in oven-dried 4 mL vials under nitrogen atmosphere unless
otherwise noted. Unless otherwise noted, all reagents are used as received and handled in air.
Chloroform-d1 is purchased from J & K Scientific Ltd.

NMR spectra are recorded on a Bruker Ultra-shield 400, 500 or 600 MHz spectrometer. 'H
NMR, BC NMR, F NMR and 3'P NMR are recorded on an NMR spectrometer with CDCls as
solvent. Chemical shifts of 'H, 13C, '°F and 3'P NMR spectra are reported in parts per million (ppm).
The '"F NMR spectra are {1H} decoupled and the '3C NMR spectra are {1H} decoupled. The
residual solvent signals are used as standard, and the chemical shifts are converted to the
corresponding scale (CDCls: 6 H=7.26 ppm, 6 C = 77.00 ppm). All coupling constants (J values)
are reported in hertz (Hz). Multiplicities are reported as follows: singlet (s), doublet (d), doublet of
doublets (dd), triplet (t), quartet (q), quintet (quint), and multiplet (m). Gas chromatographic (GC)
analyses are performed on a GC equipped with a flame-ionization detector and an Rtx@-65 (30 m
% 0.32 mm ID % 0.25 pm df) column. GC-MS analyses are performed on a GC-MS with an EI mode.
EI-HRMS and ESI-HRMS spectra were obtained on a Waters Premier GC-TOF MS and a Thermo
Scientific Q Exactive HF Orbitrap-FTMS, respectively. FI-HRMS spectra were obtained on a
JEOLAccuTOF-GCv4G-GCT MS. The EPR experiments are conducted on a Bruker EMXplus
electron paramagnetic resonance spectrometer. The X-ray experiments are conducted on a Btuker
D8 Venture with TXS. The IR spectra are recorded on a Bruker Alpha FT/IR instrument.
Luminescence quenching experiment were performed with F-7000 FL Spectrophotometer (Hitachi,
Japan). The PR160L-370 nm Gen 2 LEDs (40 W, A = 350-400 nm, Amax = 370 nm) are purchased
from Kessil. The compound names are generated by the computer program ChemDraw according
to the guidelines specified by the International Union of Pure and Applied Chemistry (IUPAC).

All reagents are purchased from commercial suppliers, Aladdin, Adamas-beta®, TCI
(Shanghai) Development Co., Ltd, Energy Chemical, J & K scientific Ltd., Bide Pharmatech Ltd,

Alfa-Aesar and Sigma-Aldrich unless otherwise noted.



2. Optimization of the Reaction Conditions

2.1 Reaction conditions of ATRA reaction of alkyl chlorides

Supplementary Table 1. Screening of solvents®

o Cu(MeCN),BF (10 mol%) o H

PhHNJ\( AN dopm (10 mol%) > PhHNJS(\/\/ + @LNIO + ATRP
T soIverﬁjﬁ?zohrjr:t-LEDs, w e polymers
1 2 3 1
Entry solvent Yield (3, %)” Yield (17, %)”
1 MTBE 18 trace
2 THF trace 5
3 Tol trace 8
4 MeCN NR NR
5 DMSO NR NR
6 DMA NR NR

“Reaction conditions: 1 (0.1 mmol), 2 (0.5 mmol), Cu(MeCN)4BF4 (10 mol%), dcpm (10 mol%), solvent
(1 mL), 370 nm LEDs, r.t., 12 h. °GC yield with dodecane as an internal standard.

Supplementary Table 2. Screening of additives®

o Cu(MeCN)4BF, (10 mol%) o H o

PhHNJ\% r I MTBE(;,'Caperit(ilz r(:(.)(t%;uiv.), > PhHNJS(\/\/ ’ @LIM " p?l;strs

 Me ) 370 nm LEDs, Ny, 12 h, rt. Me <l . €
Entry Additive Yield (3, %) Yield (1°, %)°

1 LiCl 9 trace

2 TBACI 14 trace

3 Zn 12 trace

4 Mn 8 trace

5 NEt; 8 trace

6 HOAc 23 trace

7 NaBATrF (10 mol%) 34 trace

8 HFIP 28 trace

9 NaBArF (10 mol%) + HFIP 38 trace

“Reaction conditions: 1 (0.1 mmol), 2 (0.5 mmol), Cu(MeCN)4BF4 (10 mol%), dcpm (10 mol%), additive
(0.1 mmol), MTBE (1 mL), 370 nm LEDs, r.t., 12 h. °GC yield with dodecane as an internal standard.



Supplementary Table 3. Screening of LEDs source”

Cu(MeCN),BF, (10 mol%)

i ety i o
aBAr! mol% - . +
S S sl @I i

Entry LEDs source Yield (3, %)” Yield (1°, %)?

1 370 nm LEDs 38 trace

2 390 nm LEDs 14 trace

3 440 nm LEDs trace ND

4 Blue LEDs ND ND

5 White LEDs ND ND

6 Without light ND ND

“Reaction conditions: 1 (0.1 mmol), 2 (0.5 mmol), Cu(MeCN)sBF4 (10 mol%), depm (10 mol%),
NaBArF (10 mol%), HFIP (0.1 mmol), MTBE (1 mL), LEDs, r.t., 12 h. °GC yield with dodecane as an

internal standard.

Cu(MeCN),BF, (10 mol%)

0 dcpm (10 mol%)
0,
MTBE, HFIP (1.0 equw) polymers
. Me ) 370 nm LEDs, Ny, rt. Me cl

Discussion: 1' was consistently detected in the reaction mixture (< 10%), presumably arising from
energy transfer (EnT) between 1 and the catalyst. Given that the primary side products resulted from
chlorine-transfer polymerization, we attempted to introduce additional ligands to accelerate desired
C-ClI bond forming process.

Supplementary Table 4. Screening of additional ligands®”

Cu(MeCN),BF,4 (10 mol%)
dcpm (10 mol%)

0 L2 (X mol%)
NaBArF (10 mol%)
PhHNJ\( Nl > ohHN ATRP
MTBE, HFIP (1.0 equiv.), lymer
M CI polymers
] Me ) 370 nm LEDs, Ny, 12 h, rt. €
Ph cy ©.\Pth PPh,
P. PS Fe
Ph” “Ph cy” “cy R — PPh, 0
PPh, PPh,
20 mol%, 12% 20 mol%, n.d. 10 mol%, n.d. 10 mol%, n.d. 10 mol%, 4%
Bu ‘Bu MeOZC CO,Me
7 / 7 \_/— EO/>—<S]
=N N \ \ / N N
=N N
10 mol%, 38% 10 mol%, 42% 10 mol%, 24% 10 mol%, 8% 10 mol%, n.d.

“Reaction conditions: 1 (0.1 mmol), 2 (0.5 mmol), Cu(MeCN)4BF4 (10 mol%), dcpm (10 mol%), L2 (x
mol%), NaBArF (10 mol%), HFIP (0.1 mmol), MTBE (1 mL), 370 nm LEDs, r.t., 12 h. °GC yield with

dodecane as an internal standard.



Supplementary Table 5. Screening of Cu salts®

CuX (10 mol%)
dcpm (10 mol%)

0 dtbbpy (10 mol%) 0 B o
g e B el - CIUL
e ) 370 nm LEDs, N, 12 h, rt. Me g' . Me
Entry Cu salts Yield (3, %)” Yield (1°, %)”
1 CuCl 49 6
2 CuBr 49 5
3 Cul 47 5
4 CuCN 37 trace
5 CuTc 33 trace
6 Cu(MeCN)4PFs 41 trace

“Reaction conditions: 1 (0.1 mmol), 2 (0.5 mmol), CuX (10 mol%), dcpm (10 mol%), dtbbpy (10 mol%),
NaBArF (10 mol%), HFIP (0.1 mmol), MTBE (1 mL), 370 nm LEDs, r.t., 12 h. °GC yield with dodecane

as an internal standard.
Discussion: A new dinuclear Cu catalyst cat.A1 was obtained with CuCl, dcpm and NaBATrF in the

mixed solvent of MTBE-HFIP. Subsequent optimizations of the reaction conditions were based on

this complex.

Supplementary Table 6. Screening of mixed solvents®

o
e : o 170
N e i g o B O
AN N2, 12 h, rt. ¢ g oy %y PN |
2
cat.A1 catB
Entry MTBE/HFIP Yield (3, %)”
1 MTBE (1mL), HFIP (1.0 equiv.) 49
2 MTBE (1mL), HFIP (5.0 equiv.) 56
3 8:2 61
4 7:3 72
5 6:4 74
6 5:5 68

“Reaction conditions: 1 (0.1 mmol), 2 (0.5 mmol), cat.A1 (5 mol%), cat.B (2.5 mol%), solvent (1 mL),
370 nm LEDs, r.t., 12 h. °GC yield with dodecane as an internal standard.



Supplementary Table 7. Screening of ratio of substrates and catalysts®

(0]

PhHNJ\K o Cx(/:l\Pz:l\P/%y o | :N
L I o By e
ANl Ny, 12 h, rt. © 3 oy oy PN |
2 cat.A1 cat.B
Entry 12 cat.Al/cat.B Yield (3, %)”
1 1:5 5mol%:5mol% 72
2 1:5 5mol%:2.5mol% 74
3 3:1 5mol%:2.5mol% 17
4 1:1 5mol%:2.5mol% 47
5 1:3 5mol%:2.5mol% 74
6 1:10 5mol%:2.5mol% 68

“Reaction conditions: 1 (x mmol), 2 (y mmol), cat.Al (a mol%), cat.B (b mol%), MTBE/HFIP = 3/2,
370 nm LEDs, r.t., 12 h. °GC yield with dodecane as an internal standard.

Supplementary Table 8. Screening of the reaction time*

(o}

Cy, Cy Bu
PhHN cy—P" P-cy | A
0 | CI, - ZN
1 Me cat.A1 (5.0 mol%), cat.B (2.5 mol%) Ci--Cu BArF Neu=cl
+ : PhHNJS(\/\/ | | v
MTBE/HFIP = 3/2, 370 nm LEDs, Cy—Po _R—C Z N
M€ Cl YN
PN N, x b, 1. ©$ oy oy PN
u
2
cat.A1 cat.B
Entry Reaction time Yield (3, %)’
1 l1h 54
2 2h 73
3 4h 75 (719)
4 6h 74
5 12 h 74

“Reaction conditions: 1 (0.1 mmol), 2 (0.3 mmol), cat.A1 (5 mol%), cat.B (2.5 mol%), MTBE/HFIP =
3/2,370 nm LEDs, r.t., x h. °GC yield with dodecane as an internal standard. “Isolated yield.



Supplementary Table 9. Control experiment®

cat.A1 (5 mol%),
cat.B (2.5 mol%)

MTBE/HFIP = 3/2 (0.1 m), Ny,

370 nm LEDs, r.t.,, 4 h

Gy,

‘/\Cy

Cu--CuBArF~

..Cy_PB P—Cy L )

Cl

+ %”Bu
PhHNJS(\/\/ PhHNOC Me

polymers

1 Cy—PR-Cy O PN RCY <,
' ' y

Cy Cy Cy

cat.A1 CCDC: 2417650 :: cat.A2 CCDC: 2417649 :: cat.A3 CCDC: 142370 !
d(Cu-Cu)=2.625A | d(Cu-Cu)= 2633 A | d(Cu-Cu)=2.790 A

12 - ¥

E: Cy\ A\ ’Cy Q i ‘.‘\‘ HH

i: Cy—P” “P-Cy iW"" o

SR F ¥

Au—-Au 2ci

T IW

CCDC: 21 57457

....................................................................

......................................................................

................ CHAT eeeeemeeect e S T
Entry Variation of standard conditions Yield (%)

1 none 75 (71)°

2 cat. A2 instead of cat. Al 67

3 cat. A3 instead of cat. Al 63

4 cat. A4 instead of cat. Al 60

5 cat. AS instead of cat. Al NR

6 cat. A6 instead of cat. Al NR

7 cat. A7 instead of cat. Al NR

8 cat. A8 instead of cat. Al NR

9 solvent = MeCN NR

10 without cat. A1 ND

11 without cat. B 36

12 without light irradiation ND

?Standard conditions: cat.Al (5 mol%), cat.B (2.5 mol%), 1 (0.1 mmol), 2 (0.3 mmol, 3 equiv.),
MTBE/HFIP (0.6/0.4 mL), 40 W 370 nm LEDs, room temperature (r.t.), 4 h; °GC yield using dodecane
as an internal standard; “Isolated yields; MTBE, methyl tert-butyl ether; HFIP, 1,1,1,3,3,3-hexafluoro-2-
propanol; BATF, tetrakis[3,5-bis(trifluoromethyl)phenyl]borate; NR, no reaction; ND, not detected.



2.2 Reaction conditions of ATRA reaction of aryl chlorides

Supplementary Table 10. Screening of solvents®

o}
Cy, Cy Bu
PhHNJ\( o Cy_p/m\p'_cy | N
1 Me  cat.A1 (5.0 mol%), cat.B (5.0 mol%) CIQ‘__'CIU BAF /N\C o
Cl § solvent, 370 nm LEDs ~ PhHN I l -
Ng, 12h,rt. Mé Cli VPR ~ )
2 v 39 CO,Me| Cy Cy . X
CO,Me Bu
cat.A1 cat.B
Entry Solvent Yield (%)°
1 MTBE NR
2 THF NR
3 MeCN NR
4 toluene NR
5 DMSO 23
6 DMA trace

“Reaction conditions: 1 (0.1 mmol), methyl 4-chlorobenzoate (0.2 mmol), cat.Al (5 mol%), cat.B (5
mol%), solvent (1 mL), 370 nm LEDs, r.t., 12 h. °GC yield with dodecane as an internal standard.

Supplementary Table 11. Screening of mixed solvents®

o

Cy, Cy Bu
PhHN CyoP FoCy i SN
1 Me cat.A1 (5.0 mol%), cat.B (5.0 mol% ? CIU‘.ClCIU BArE~ Z N\
Cl § solvent, 370 nm LEDs > PhHN I l /CU_C|
CO,Me 39 2 y y By NS
cat.A1 cat.B
Entry Mixed solvent Yield (%)°
1 DMSO/HFIP = 8/2 NR
2 DMSO/DMA = 8/2 trace
3 DMSO/EA = 8/2 40
4 DMSO/EA = 5/5 46
5 DMSO/EA =2/8 46
6 DMSO/EA =1/9 33

“Reaction conditions: 1 (0.1 mmol), methyl 4-chlorobenzoate (0.2 mmol), cat.Al (5 mol%), cat.B (5
mol%), solvent (1 mL), 370 nm LEDs, r.t., 12 h. °GC yield with dodecane as an internal standard.



Supplementary Table 12. Screening of additives®

o

PhHN CSX‘PAP}—:éy s |
1 Me catA1 (5.0 mo%), catB (5.0 mol%) 0 CIQ\.CLCIU BAIF™ 2 N\Cu_ o
ol A W LS Sl
CO,Me 39 ’ ’ ’ BN
cat.A1 cat.B
Entry Additive (1.0 equiv.) Yield (%)°
1 HCO:Na 16
2 NEt; 19
3 HOAc 44
4 4A molecular sieves (20 mg) 48
5 NaxSO4 50
6 MgSO4 55
7 MgSO0s (3.0 equiv.) 61

“Reaction conditions: 1 (0.1 mmol), methyl 4-chlorobenzoate (0.2 mmol), cat.Al (5 mol%), cat.B (5
mol%), additive (1.0 equiv.), DMSO/EA = 1/1, 370 nm LEDs, r.t., 12 h. °GC yield with dodecane as an

internal standard.

Supplementary Table 13. Screening of the reaction time and loading of cat.B*

0
Cy, Cy Bu
PhHN cy—P" " >P-cy | N
1 Me catA1 (5.0 mol%), cat.B (x mol%) i CIU_ClCIU BAF NS
+ - L | | /Cu—CI
cl MgSO0y, (3.0 equiv.), DMSO/EA = 1/1, PIHN Cy—P_R=Cy Za
\©\ 370 nm LEDs, Ny, y h, r.t. Me Cli coMe| cy ~ oy )
CO,Me 39 2 By
cat.A1 cat.B
Entry Loading of cat.B Reaction time Yield (%)°
1 2.5 mol% 12h 62
2 2.5 mol% 24 h 64
3 5.0 mol% 12h 64
4 5.0 mol% 24 h 66 (64°)

“Reaction conditions: 1 (0.1 mmol), methyl 4-chlorobenzoate (0.2 mmol), cat.A1 (5 mol%), cat.B (x
mol%), MgSO4 (3.0 equiv.), DMSO/EA = 1/1, 370 nm LEDs, r.t., y h. °GC yield with dodecane as an

internal standard. “Isolated yield.



2.3 Reaction conditions of ATRP-type reaction of alkyl chlorides

Supplementary Table 14. Screening of catalysts and solvents®

C C C C
o CyX\P/CI\P,—éy CyZ\Tgl\llal—)éy
76 cat (0.2 mol%) o oMe Ci--Cu BArF~ Cu;:'Cu
\)o;\ solvent, SZ%nm LEDs, o 7™ o ! Cé;,P\/ P\ESY C)(/:;/P\/ P\E}?y
OoM
83 ° cat.A1 cat.A4
Entry Catalyst Solvent Conv. (%) Mn (kDa) D
1 cat.A4 MTBE/HFIP > 98% 6.6 1.50
2 cat.A4 THF >98% o-terminal is mostly hydrogenated
3 cat.A4 DMSO > 98% peaks of alkenes are not observed
4 cat.A4 DMA > 98% peaks of alkenes are not observed
5 cat.A1l MTBE/HFIP 74% - -

“Reaction conditions: 76 (0.3 mmol), 83 (1.5 mmol), cat (0.2 mol%), solvent (1 mL), 370 nm LEDs, r.t.,

1 h. ® Conversion was calculated by integration of '"H NMR of the crude reaction mixture.

Supplementary Table 15. Control experiment”

o CO,Me
4 cat.A4 (0.2 mol%
cr"\);/ + \)J\OMe { ) > Wa

- 8
MTBE/HFIP, 370 nm LEDs, "

76 83 rt, 1h 94
Entry  Variation of standard conditions ~ Conv. (%)° Mn (kDa) D
1 none > 98% 6.6 1.50
2 without cat.A4 <1% - -
3 without light irradiation <1% - -

“Reaction conditions: 76 (0.3 mmol), 83 (1.5 mmol), cat.A4 (0.2 mol%), MTBE/HFIP (0.6/0.4 mL),
40 W 370 nm LEDs, r.t., 1 h. ® Conversion was calculated by integration of '"H NMR of the crude reaction

mixture.

10



2.4 Reaction conditions of hydrogenation of PVC

Supplementary Table 16. Screening of solvents and H sources”

/N/ cat.A4 (2 mol%)
n + H source >
m n-m

Cl solvent, 370 nm LEDs, Cl H
PVC rt, 1h 105
M, - 106.1 kDa, D - 1.63

Entry  Solvent H source Dehal (%)° Mn (kDa) D
1 THF y-terpinene 4.8% 104.0 1.65
2 THF (‘Pr)sSiH <1% - -
3 THF HEH <1% - -
4 THF 2,4,6-triisopropylbenzenethiol <1% - -
5 DMSO y-terpinene reaction gelled - -
6 DMA y-terpinene reaction gelled - -

“Reaction conditions: PVC (100 mg), H source (6.4 mmol), cat.A4 (2.0 mol%), solvent (16 mL), 370
nm LEDs, r.t., 1 h. ® Dehalogenative hydrogenation ratio was calculated by integration of 'H NMR of
the product.

2.5 Reaction conditions of grafting modification of PVC

Supplementary Table 17. Screening of solvents and additives®

o
R %
M, - 106.1PI:II;:a, p-163 S0 nmLEDs. £t 1 108
Entry  Solvent Additive Grafting (%)”  Dehal (%)” Mn (kDa) D
1 THF - reaction gelled - - -
2 DMSO - reaction gelled - - -
3 DMA - reaction gelled - - -
4 THF DIPEA (0.2 equiv.) 9.9% <1% 113.7 1.71
5 THF DIPEA (1.0 equiv.) 9.6% 2.3% 112.8 1.68
6 THF HEH (1.0 equiv.) <1% <1% - -

“Reaction conditions: PVC (100 mg), ethyl acrylate (4.8 mmol), DIPEA (0.32 mmol), cat.A4 (2.0 mol%),
solvent (16 mL), 370 nm LEDs, r.t., 1 h. ? Grafting ratio and dehalogenative hydrogenation ratio were
calculated by integration of '"H NMR of the product.

11



3. Synthesis of Starting Materials

Procedure for the synthesis of photocatalyst cat.A1

An oven-dried 25 mL round-bottom flask equipped with a magnetic stir bar is charged with CuCl
(0.5 mmol, 1.0 equiv., 50 mg), decpm (0.5 mmol, 1.0 equiv., 204 mg), sodium tetrakis|[3,5-
bis(trifluoromethyl)phenyl]borate (0.5 mmol, 1.0 equiv., 443 mg) under N, atmosphere. Dry MTBE
(12 mL) and HFIP (3 mL) are successively added and the solution is allowed to stir at r.t. for 4 h.
The solvent is then mostly evaporated and petroleum ether is added to yield a white solid (391 mg,
85%). Crystals suitable for single-crystal X-ray diffraction were obtained by recrystallization from
MTBE and hexane at -20 °C.

17

Cy\ ~ /Cy g
Cy—P”~ “P-C '
y ¢l y i 'L} i

Cu--Cu BArF
C)C/:;/P\/P\E;:y !
cat.A1 CCDC: 2417650

IR: v =2933, 2856, 1611, 1448, 1354, 1274, 1118, 886, 681, 669 cm™'.
'H NMR (500 MHz, Chloroform-d) §7.79 — 7.65 (m, 8H), 7.53 (s, 4H), 2.20 — 1.67 (m, 52H), 1.51 —
1.07 (m, 40H).
3P NMR (202 MHz, Chloroform-d) § 12.43 (s).
13C NMR (126 MHz, Chloroform-d) § 162.6 — 160.6 (m), 134.8, 129.4 — 128.2 (m), 128.0 — 121.0 (m),
117.8 - 116.9 (m), 35.1 — 34.8 (m), 34.8, 30.5, 30.1 — 29.9 (m), 29.3, 28.8, 27.3 — 27.1 (m), 27.1,27.1 —
26.9 (m), 25.9, 25.8.
HRMS (ESI) calcd. for CsoHo,CICusPs [M-BArF]*: 977.4425, found: 977.4417.

Procedure for the synthesis of catalyst cat.B

An oven-dried 25 mL round-bottom flask equipped with a magnetic stir bar is charged with CuCl
(1.0 mmol, 1.0 equiv., 99 mg), dtbbpy (1.0 mmol, 1.0 equiv., 268 mg) under N, atmosphere. Dry
DCM (10 mL) is successively added and the solution is allowed to stir at r.t. for 2 h. The solvent is
then evaporated to yield a brown solid (338 mg, 92%).

cat.B

Procedure for the synthesis of photocatalyst cat.A2

An oven-dried 25 mL round-bottom flask equipped with a magnetic stir bar is charged with CuBr
(0.5 mmol, 1.0 equiv., 7lmg), depm (0.5 mmol, 1.0 equiv., 204 mg), sodium tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate (0.5 mmol, 1.0 equiv., 443 mg) under N, atmosphere. Dry MTBE
(12 mL) and HFIP (3 mL) are successively added and the solution is allowed to stir at r.t. for 4 h.
The solvent is then mostly evaporated and petroleum ether is added to yield a white solid (387 mg,
82%). Crystals suitable for single-crystal X-ray diffraction were obtained by recrystallization from
MTBE and hexane at -20 °C.

12



ClU--CuBArF~

Cy—/P\/ P\—Cy
Cy Cy

cat.A2 CCDC: 2417649

Catalysts cat. A3, cat.A4', cat.A5° were synthesized using literature procedures.

Cy, P Cy
cy—p F-cy Cy—P P-Cy Q
Cu--Cu 2PFg Alu- -Au 2cl” 15* :
Cy—| P\/P Cy Cy—P\/ —Cy
o 7y o 7y I M
o« &*
cat.A3 CCDC: 142370 cat.Ad CCDC: 2489740 cat.A5 CCDC: 2157457

Catalyst cat.A6° was synthesized using literature procedures.

BF,
)
N//,,’ / Me
" d
N/Cu\ Me

1
Bu | N
/N\C "‘\\C|
u
N el
|
Bu X ;
5 & CCDC:765238

General procedure for the synthesis of N-aryl methacrylamides®®

(0]
N NH, NEt; (2 equiv.) /O R
R rooa DCM,0°Ctort., 6 h ﬁ)l\
Me
1 equiv. 1.2 equiv.

To a solution of aniline (10 mmol) and EtzN (2.8mL, 20 mmol) in CH>Cl, (20 mL), methacryloyl
chloride (1.16 mL, 12 mmol) is added dropwise at 0 °C. The resulting solution is then stirred at rt

for 6 h. Subsequently, the reaction mixture is poured into water and the aqueous layer is extracted
with CH,Cl, (3x15 mL). The combined organic layers are dried over Na»SOs, filtered and
concentrated under reduced pressure. The crude product is purified by column chromatography

(silica) to provide products.

13



4. General Procedures

Supplementary Figure 1. Reaction set-up (Left: 40 W LEDs, Right: 40 W LEDs; Amax = 370 nm).

(The fan is used to keep the reaction temperature being around room temperature ~ 25 °C)

4.1 General procedures of ATRA reaction of alkyl chlorides

General procedure A

Cy, Ly Bu

oy Ry @

o o L - =

RL./ + alkyl=Cl cat.A1 (5.0 mol%), cat.B (2.5 mol/:‘) R Cl--Cu BArF >Cu—CI
1.4 MTBE/HFIP = 3/2, 370 nm LEDs, Rzg\a'ky' Cy=P_R-Cy 2
Ny, 4 h, rt. /
24h o 7y S
Bu

cat.A1 cat.B

In N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar is charged with
cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (0.9 mg, 0.0025 mmol, 2.5 mol%), alkene (0.1 mmol,
1.0 equiv.) and alkyl chlorides (0.3 mmol, 3 equiv.). Then, MTBE (0.6 mL) and HFIP (0.4 mL) are
added into the vial. The vial is sealed, removed from the glove-box and is irradiated under 370 nm
LEDs (40 W x 2) for 4 h at room temperature with vigorous stirring. After completion of the reaction,
the solvent is removed under vacuum and the resulting residue is purified by flash column
chromatography on silica gel with petroleum ether and ethyl acetate as eluent to afford the desired
ATRA products.

4.2 General procedures of ATRA reaction of aryl chlorides

General procedure B (for electron-deficient alkenes)

Cy, Ly Bu

cy—p" > P-cy [

|‘\C|‘ _ 2 N\

R! cat.A1 (5.0 mol%), cat.B (5 mol%) 1 Cu--Cu BArF Cu—Cl
¥ o+ ay—ci - > R ey -
R2 MgSO, (3.0 equiv.), DMSO/EA = 1/1, R2CI Cy—/P\/P\—Cy Z "N
370 nm LEDs, Ny, 24 h, r.t. Cy Cy 5 N I
u
cat.A1 cat.B

In N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar is charged with
14



cat.Al (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (1.8 mg, 0.005 mmol, 5.0 mol%), alkene (0.1 mmol,
1.0 equiv.), aryl chlorides (0.2 mmol, 2 equiv.) and MgSO4 (36 mg, 0.3 mmol, 3.0 equiv.). Then,
DMSO (0.5 mL) and EA (0.5 mL) are added into the vial. The vial is sealed, removed from the
glove-box and is irradiated under 370 nm LEDs (40 W x 2) for 24 h at room temperature with
vigorous stirring. After completion of the reaction, the solvent is removed under vacuum and the
resulting residue is purified by flash column chromatography on silica gel with petroleum ether and
ethyl acetate as eluent to afford the desired ATRA products.

General procedure C (for unactivated alkenes)

Cy, Ly Bu

O L
N - Z
RL‘/ + ayi—cl cat.A1 (5.0 mol%), cat.B (5 moI%L Rg(\ | Cu--Cu BArF \Cu—CI
» ar
R2 MgSQ, (3.0 equiv.), DMSO/EA = 1/1, R2GI v Cy=P~RCy Z N
370 nm LEDs, Ny, 24 h, r.t. Cy Cy B X
u
cat.A1 cat.B

In N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar is charged with
cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (1.8 mg, 0.005 mmol, 5.0 mol%), alkene (0.5 mmol,
5.0 equiv.), aryl chlorides (0.1 mmol, 1 equiv.) and MgSO4 (36 mg, 0.3 mmol, 3.0 equiv.). Then,
DMSO (0.5 mL) and EA (0.5 mL) are added into the vial. The vial is sealed, removed from the
glove-box and is irradiated under 370 nm LEDs (40 W x 2) for 24 h at room temperature with
vigorous stirring. After completion of the reaction, the solvent is removed under vacuum and the
resulting residue is purified by flash column chromatography on silica gel with petroleum ether and
ethyl acetate as eluent to afford the desired ATRA products.

4.3 General procedures of ATRP-type reaction of alkyl chlorides

General procedure D

R! cat.A4 (0.2 mol%) R' R?
¥ o+ aky—cl »> a|kyl~(\)§.
R2 MTBE/HFIP, 370 nm LEDs, -Cl
Np, r.t, 1 h

In N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar is charged with
cat.A4 (3.0 mg, 0.003 mmol, 0.2 mol%), alkenes (1.5 mmol, 1.0 equiv.) and alkyl chlorides (0.3
mmol, 0.2 equiv.). Then, MTBE (0.6 mL) and HFIP (0.4 mL) are added into the vial. The vial is
sealed, removed from the glove-box and is irradiated under 370 nm LEDs (40 W x 2) for 1 h at
room temperature with vigorous stirring. After completion of the reaction, the mixture is added
dropwise into 20 mL of a mixed solvent system consisting of pentane and methanol (v/v = 40:1),
leading to precipitation of the polymer as a waxy solid. The solid is then washed five times with the
same mixed solvent system, followed by decantation to remove the solvent, and dried under reduced
pressure to afford the desired chlorine-transfer polymerization products.

4.4 General procedures of hydrogenation of PVC

General procedure E
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N cat.A4 (2 mol%)
n +
Cl solvent, 370 nm LEDs,
pVC N, rt, 1h

In N»-filled glove-box, an oven-dried vial (20 mL) equipped with a magnetic stir bar is charged with
cat.A4 (32.5 mg, 0.032 mmol, 2.0 mol%), PVC (100 mg, 1.6 mmol of vinyl chloride repeat units,
1.0 equiv.) and y-terpinene (1.0 mL, 6.4 mmol, 4.0 equiv.). Then, THF (16 mL) is added into the
vial. The vial is sealed, removed from the glove-box and is irradiated under 370 nm LEDs (40 W x

2) for 1 h at room temperature with vigorous stirring. After completion of the reaction, the mixture
is poured into 80 mL methanol, causing the polymer to precipitate. After 1 hour of stirring, the
precipitate is collected via vacuum filtration and dried under reduced pressure.

4.5 General procedures of grafting modification of PVC

General procedure F

M . RL/ cat.A4 (2 mol%) - cl ( )
Cl R? THF, DIPEA (0.2 equiv.)
PVC 370 nm LEDs, Ny, r.t., 1 h

In N»-filled glove-box, an oven-dried vial (20 mL) equipped with a magnetic stir bar is charged with
cat.A4 (32.5 mg, 0.032 mmol, 2.0 mol%), PVC (100 mg, 1.6 mmol of vinyl chloride repeat units,
1.0 equiv.), alkenes (4.8 mmol, 3.0 equiv.) and DIPEA (56 pL, 0.32 mmol, 0.2 equiv.). Then, THF
(16 mL) is added into the vial. The vial is sealed, removed from the glove-box and is irradiated
under 370 nm LEDs (40 W x 2) for 1 h at room temperature with vigorous stirring. After completion
of the reaction, the mixture is poured into 80 mL methanol, causing the polymer to precipitate. After
1 hour of stirring, the precipitate is collected via vacuum filtration and dried under reduced pressure.
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5. Characterization of Products

o

PhHNJS(\/\/

Me CI

2-chloro-2-methyl-N-phenylheptanamide (3)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 18.1 mg, 71%). Rf= 0.7 (PE/EA = 10:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) & 8.61 (s, 1H), 7.56 (d, J = 7.4 Hz, 2H), 7.40 — 7.32 (m, 2H), 7.16
(t,J=7.5Hz, 1H), 2.23 (ddd, J=14.1, 11.9, 4.3 Hz, 1H), 1.90 (ddd, J = 14.0, 11.9, 4.3 Hz, 1H), 1.85 (s,
3H), 1.63 — 1.51 (m, 1H), 1.46 — 1.34 (m, 1H), 1.37 — 1.25 (m, 4H), 0.91 — 0.85 (m, 3H).

13C NMR (126 MHz, Chloroform-d) & 169.7, 137.1, 129.0, 124.9, 120.0, 75.0, 43.0, 31.4, 30.0, 24.6,
22.4,13.9.

IR (ATR): v = 3402, 2931, 2857, 1671, 1529, 1276, 1123, 886, 682, 670 cm™.

HRMS (ESI) calcd. for Ci14H,CINO [M+H]*: 254.1306, found: 254.1296.

o) 0’>
PhHNJS(\/\/LO

Mé Cl
2-chloro-6-(1,3-dioxolan-2-yl)-2-methyl-N-phenylhexanamide (13)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 19.4 mg, 62%). Rf= 0.4 (PE/EA = 5:1).
Colorless oil.
'"H NMR (500 MHz, Chloroform-d) & 8.59 (s, 1H), 7.59 — 7.50 (m, 2H), 7.39 — 7.30 (m, 2H), 7.18 — 7.10
(m, 1H), 4.83 (t, /=4.7 Hz, 1H), 3.99 — 3.89 (m, 2H), 3.88 — 3.77 (m, 2H), 2.24 (ddd, /= 14.0, 11.9, 4.0
Hz, 1H), 1.97 — 1.88 (m, 1H), 1.85 (s, 3H), 1.69 — 1.55 (m, 3H), 1.49 — 1.39 (m, 3H).
13C NMR (126 MHz, Chloroform-d) § 169.5, 137.1, 129.0, 124.9, 120.0, 104.3, 74.7, 64.8, 42.9, 33.6,
30.0, 24.9, 23.6.
IR (ATR): v = 3399, 2947, 2866, 1678, 1597, 1525, 1142, 1032, 754, 691 cm.

HRMS (ESI) calcd. for CiH23CINO; [M+H]*: 312.1361, found: 312.1357.
o

PhHNJS(\/\[(

Mé Cl 0
2-chloro-2-methyl-6-0xo-/N-phenylheptanamide (14)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 18.8 mg, 70%). Rf= 0.3 (PE/EA = 5:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) & 8.63 (s, 1H), 7.63 —7.51 (m, 2H), 7.38 — 7.31 (m, 2H), 7.20 — 7.12
(m, 1H), 2.54 — 2.40 (m, 2H), 2.25 — 2.16 (m, 1H), 2.12 (s, 3H), 1.96 — 1.87 (m, 2H), 1.85 (s, 3H), 1.70
—1.59 (m, 1H).

13C NMR (126 MHz, Chloroform-d) & 208.0, 169.3, 137.0, 129.0, 125.0, 120.0, 74.1, 42.9, 41.9, 30.0,
29.8,19.3.

IR (ATR): v = 3351, 2934, 1713, 1680, 1529, 1441, 1240, 1165, 757, 693 cm!.

HRMS (ESI) calcd. for Ci14H9CINO, [M+H]*: 268.1099, found: 268.1092.
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o O

PhHNWOEt

(YERRe]
ethyl 6-chloro-6-methyl-7-o0xo-7-(phenylamino)heptanoate (15)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 22.4 mg, 72%). Rf= 0.3 (PE/EA = 10:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) § 8.59 (s, 1H), 7.61 — 7.51 (m, 2H), 7.40 — 7.31 (m, 2H), 7.19 — 7.09
(m, 1H), 4.10 (q, J=7.1 Hz, 2H), 2.34 —2.27 (m, 2H), 2.27 — 2.20 (m, 1H), 1.97 — 1.88 (m, 1H), 1.85 (s,
3H), 1.70 — 1.56 (m, 3H), 1.47 — 1.35 (m, 1H), 1.23 (t, /= 7.1 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) § 173.3, 169.4, 137.0, 129.0, 124.9, 120.0, 74.5, 60.2, 42.5, 34.0,
30.0,24.6,24.5, 14.2.

IR (ATR): v = 3355, 2933, 1731, 1680, 1527, 1441, 1241, 1158, 754, 691 cm™.

HRMS (ESI) calcd. for CiHz3CINO; [M+H]*: 312.1361, found: 312.1353.

0] o]
.OMe
PhHN I}l
Me CI Me

2-chloro-N"-methoxy-N’,2-dimethyl-NV'-phenylheptanediamide (16)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 3:1). (0.1 mmol scale, 23.0 mg, 70%). Rf= 0.2 (PE/EA = 3:1).
Colorless oil.

'"H NMR (500 MHz, Chloroform-d) § 8.60 (s, 1H), 7.59 — 7.53 (m, 2H), 7.40 — 7.30 (m, 2H), 7.20 — 7.07
(m, 1H), 3.65 (s, 3H), 3.15 (s, 3H), 2.47 — 2.38 (m, 2H), 2.31 — 2.21 (m, 1H), 1.99 — 1.90 (m, 1H), 1.85
(s, 3H), 1.69 — 1.59 (m, 3H), 1.47 — 1.36 (m, 1H).

13C NMR (126 MHz, Chloroform-d) & 169.5, 137.1, 129.0, 124.9, 120.0, 74.6, 61.2, 42.7, 32.1, 31.6,
30.0, 24.8, 24.2.

IR (ATR): v = 3323, 2935, 1651, 1579, 1526, 1440, 1385, 994, 754, 692 cm’'.

HRMS (ESI) calcd. for Ci6H24CIN>O3 [M+H]": 327.1470, found: 327.1463.

(0}

PhHNJWOPh

(YERRe]
2-chloro-2-methyl-5-phenoxy-/N-phenylpentanamide (17)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 23.7 mg, 75%). Rf= 0.6 (PE/EA = 10:1).
Colorless oil.
'"H NMR (500 MHz, Chloroform-d) & 8.64 (s, 1H), 7.61 — 7.55 (m, 2H), 7.40 — 7.34 (m, 2H), 7.30 — 7.24
(m, 2H), 7.21 = 7.13 (m, 1H), 6.97 — 6.92 (m, 1H), 6.91 — 6.85 (m, 2H), 4.04 — 3.94 (m, 2H), 2.52 — 2.38
(m, 1H), 2.19 — 2.05 (m, 2H), 1.96 — 1.86 (m, 4H).
13C NMR (126 MHz, Chloroform-d) & 169.3, 158.8, 137.0, 129.4, 129.0, 125.0, 120.7, 120.0, 114.4,
74.3, 67.0, 39.6, 30.0, 25.1.
IR (ATR): v = 3397, 2929, 1678, 1597, 1525, 1495, 1441, 1239, 751, 690 cm’'.
HRMS (ESI) calcd. for CisHyCINO, [M+H]*: 318.1255, found: 318.1249.
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[0}

PhHNJS(\/\/OH

Mé Cl
2-chloro-6-hydroxy-2-methyl-N-phenylhexanamide (18)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 5:1). (0.1 mmol scale, 10.6 mg, 41%). Rf= 0.2 (PE/EA = 3:1).
Colorless oil.

'"H NMR (500 MHz, Chloroform-d) & 8.61 (s, 1H), 7.60 — 7.53 (m, 2H), 7.39 — 7.31 (m, 2H), 7.19 - 7.11
(m, 1H), 3.65 (t, J = 6.4 Hz, 2H), 2.35 - 2.23 (m, 1H), 1.97 — 1.88 (m, 1H), 1.86 (s, 3H), 1.72 — 1.63 (m,
1H), 1.63 — 1.55 (m, 2H), 1.50 — 1.40 (m, 1H).

3C NMR (126 MHz, Chloroform-d) & 169.6, 137.0, 129.1, 125.0, 120.0, 74.7, 62.4, 42.5, 32.2, 30.1,
21.4.

IR (ATR): v = 3396, 3339, 2933, 2868, 1668, 1597, 1528, 1442, 754, 692 cm’!.

HRMS (ESI) calcd. for Ci3H9CINO, [M+H]*: 256.1099, found: 256.1092.

(o}

PhHNJS(\/\N’BOC
H

Mé cli
tert-butyl (4-chloro-4-methyl-5-oxo-5-(phenylamino)pentyl)carbamate (19)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1, with 1% NEt3). (0.1 mmol scale, 25.2 mg, 74%). Rf= 0.6
(PE/EA = 3:1). White solid. m.p. 68.5-71.9 °C.
'H NMR (500 MHz, Chloroform-d) § 8.60 (s, 1H), 7.59 — 7.51 (m, 2H), 7.40 — 7.32 (m, 2H), 7.20 — 7.12
(m, 1H), 4.58 (s, 1H), 3.19 — 3.02 (m, 2H), 2.35 — 2.24 (m, 1H), 1.97 — 1.89 (m, 1H), 1.86 (s, 3H), 1.82
—1.74 (m, 1H), 1.60 — 1.50 (m, 1H), 1.43 (s, 9H).
13C NMR (126 MHz, Chloroform-d) § 169.3, 155.9, 137.0, 129.0, 125.0, 120.0, 79.2, 74.2, 39.9, 30.2,
28.4,25.7.
IR (ATR): v = 3391, 3349, 2930, 1680, 1523, 1441, 1245, 1164, 753, 691 cm™.
HRMS (ESI) calcd. for Ci7H26CIN>O3 [M+H]": 341.1626, found: 341.1619.

0 H
=
PhHN
Me CI

2-chloro-2-methyl-N-phenyloct-7-ynamide (20)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 18.6 mg, 71%). Rf= 0.7 (PE/EA = 10:1).
Colorless oil.

'"H NMR (500 MHz, Chloroform-d) & 8.61 (s, 1H), 7.60 — 7.52 (m, 2H), 7.41 — 7.32 (m, 2H), 7.22 - 7.12
(m, 1H), 2.31 — 2.17 (m, 3H), 1.98 — 1.90 (m, 2H), 1.86 (s, 3H), 1.76 — 1.66 (m, 1H), 1.63 — 1.45 (m,
3H).

13C NMR (126 MHz, Chloroform-d) § 169.5, 137.1, 129.0, 125.0, 120.0, 84.0, 74.6, 68.5, 42.4, 30.0,
28.1,24.1, 18.2.

IR (ATR): v = 3400, 3302, 2933, 2117, 1679, 1598, 1526, 1441, 755, 691 cm!.

HRMS (ESI) calcd. for CisHj9CINO [M+H]™: 264.1150, found: 264.1140.
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(o}

PhHNW

Mé Ci
2-chloro-2-methyl-N-phenyltetradec-13-enamide (21)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 23.5 mg, 67%). Rf= 0.7 (PE/EA = 10:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) & 8.61 (s, 1H), 7.63 — 7.49 (m, 2H), 7.36 (t, J = 7.9 Hz, 2H), 7.24 —
7.12 (m, 1H), 5.90 — 5.73 (m, 1H), 5.04 — 4.87 (m, 2H), 2.28 — 2.19 (m, 1H), 2.08 — 1.99 (m, 2H), 1.94
—1.86 (m, 1H), 1.85 (s, 3H), 1.59 — 1.51 (m, 1H), 1.37 — 1.25 (m, 15H).

3C NMR (126 MHz, Chloroform-d) & 169.6, 139.2, 137.1, 129.0, 124.9, 120.0, 114.1, 75.0, 43.0, 33.8,
30.0,29.5,29.5,29.4,29.3,29.3, 29.1, 28.9, 24.9.

IR (ATR): v = 3405, 2924, 2853, 1683, 1598, 1526, 1441, 1313, 753, 690 cm’'.

HRMS (ESI) calcd. for C21H33CINO [M+H]*: 350.2245, found: 350.2237.
o

PhHNJS(\/\/F

(YERRe]
2-chloro-6-fluoro-2-methyl-N-phenylhexanamide (22)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 14.1 mg, 55%). Rf= 0.7 (PE/EA = 10:1).
Colorless oil.
'"H NMR (500 MHz, Chloroform-d) § 8.62 (s, 1H), 7.61 — 7.53 (m, 2H), 7.39 — 7.31 (m, 2H), 7.20 — 7.12
(m, 1H), 4.54 — 4.45 (m, 1H), 4.43 — 4.35 (m, 1H), 2.34 — 2.25 (m, 1H), 2.01 — 1.90 (m, 1H), 1.87 (s,
3H), 1.78 — 1.66 (m, 3H), 1.58 — 1.45 (m, 1H).
YF NMR (471 MHz, Chloroform-d) § -218.4.
13C NMR (126 MHz, Chloroform-d) & 169.4, 137.0, 129.1, 125.0, 120.0, 83.7 (d, J = 164.8 Hz), 74.5,
42.5,30.1 (d, J=2.9 Hz), 30.0, 21.0 (d, /= 5.2 Hz).
IR (ATR): v =3397, 2961, 1677, 1597, 1525, 1441, 1240, 830, 755, 692 cm’'.

HRMS (ESI) calcd. for Ci3HisCIFNO [M+H]": 258.1055, found: 258.1047.
o)

PhHNJS(\/\CFs

M CI
2-chloro-6,6,6-trifluoro-2-methyl-N-phenylhexanamide (23)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 21.9 mg, 75%). Rf= 0.6 (PE/EA = 10:1).
Colorless oil.
'"H NMR (500 MHz, Chloroform-d) & 8.61 (s, 1H), 7.60 — 7.51 (m, 2H), 7.42 — 7.34 (m, 2H), 7.23 - 7.13
(m, 1H), 2.40 — 2.30 (m, 1H), 2.21 — 2.06 (m, 2H), 2.01 — 1.93 (m, 1H), 1.92 — 1.81 (m, 4H), 1.74 — 1.62
(m, 1H).
F NMR (471 MHz, Chloroform-d) & -66.3.
13C NMR (126 MHz, Chloroform-d) § 169.0, 136.9, 129.1, 126.8 (q, J = 277.2 Hz), 125.2, 120.1, 73.9,
41.5,33.4 (q, J=28.9 Hz), 30.2, 17.8 (q, /= 3.1 Hz).
IR (ATR): v = 3404, 2935, 1677, 1598, 1527, 1442, 1253, 1010, 755, 691 cm’'.
HRMS (ESI) calcd. for Ci3Hi6CIFsNO [M+H]*: 294.0867, found: 294.0858.
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0]

PhHNJWTMS

Mé i
2-chloro-2-methyl-N-phenyl-6-(trimethylsilyl)hexanamide (24)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 21.9 mg, 70%). Rf= 0.7 (PE/EA = 10:1).
Colorless oil.
'H NMR (500 MHz, Chloroform-d) § 8.61 (s, 1H), 7.59 — 7.52 (m, 2H), 7.42 — 7.32 (m, 2H), 7.19 - 7.12
(m, 1H), 2.28 — 2.18 (m, 1H), 1.96 — 1.87 (m, 1H), 1.86 (s, 3H), 1.64 — 1.53 (m, 1H), 1.47 — 1.38 (m,
1H), 1.36 — 1.28 (m, 2H), 0.55 — 0.46 (m, 2H), -0.04 (s, 9H).
3C NMR (126 MHz, Chloroform-d) & 169.7, 137.1, 129.0, 124.9, 120.0, 74.9, 42.8, 30.0, 28.7, 23.7,
16.5,-1.7.
IR (ATR): v = 3405, 2950, 1683, 1598, 1527, 1441, 1247, 862, 753, 690 cm’'.
HRMS (ESI) calcd. for Ci6Hz7CINOSi [M+H]": 312.1545, found: 312.1536.

(0]

PhHNJS(\/Bpm

Mé Cl
2-chloro-2-methyl-N-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butanamide (25)
According to the general procedure A for 24 h, the crude product was purified by flash chromatography
on silica gel (petroleum ether/ethyl acetate = 5:1). (0.1 mmol scale, 25.4 mg, 75%). Rf= 0.4 (PE/EA =
10:1). White solid. m.p. 81.4-85.5 °C.

'H NMR (500 MHz, Chloroform-d) & 8.58 (s, 1H), 7.59 — 7.51 (m, 2H), 7.39 — 7.29 (m, 2H), 7.19 - 7.10
(m, 1H), 2.41 — 2.29 (m, 1H), 2.08 — 1.98 (m, 1H), 1.84 (s, 3H), 1.23 (d, /= 2.3 Hz, 12H), 1.09 — 1.01
(m, 1H), 0.92 — 0.82 (m, 1H).

13C NMR (126 MHz, Chloroform-d) & 169.6, 137.1, 129.0, 124.9, 120.0, 83.3, 76.2, 37.6, 29.3, 24.8,
24.8.

IR (ATR): v = 3403, 2978, 2929, 1679, 1526, 1370, 1317, 885, 755, 691 cm’".

HRMS (ESI) calcd. for Ci7H26BCINO; [M+H]*: 338.1689, found: 338.1682.

[0}

|=>hHNJ>(§(CI

Mé CID D
2,4-dichloro-2-methyl-N-phenylbutanamide-4,4-d2 (26)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 17.1 mg, 69%). Rf= 0.6 (PE/EA = 10:1).
Colorless oil.
'H NMR (500 MHz, Chloroform-d) & 8.55 (s, 1H), 7.59 — 7.51 (m, 2H), 7.41 — 7.32 (m, 2H), 7.22 - 7.12
(m, 1H), 2.79 (d, J=14.3 Hz, 1H), 2.39 (d, /= 14.3 Hz, 1H), 1.90 (s, 3H).
13C NMR (126 MHz, Chloroform-d) 6 168.4, 136.8, 129.1, 125.2, 120.1, 72.1, 44.8, 30.4.
IR (ATR): v = 3364, 2922, 2853, 1683, 1653, 1599, 1066, 754, 690, 436 cm’'.
HRMS (ESI) calcd. for C;1Hi2D>CLNO [M+H]": 248.0572, found: 248.0551.
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[0}

PhHNJS(\I/
Me CI

2-chloro-2,4-dimethyl-N-phenylpentanamide (27)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 14.3 mg, 60%). Rf= 0.7 (PE/EA = 10:1).
White solid. m.p. 44.7-46.8 °C.

'H NMR (500 MHz, Chloroform-d) & 8.68 (s, 1H), 7.62 — 7.51 (m, 2H), 7.40 — 7.32 (m, 2H), 7.22 - 7.10
(m, 1H), 2.25 (dd, J = 14.4, 7.2 Hz, 1H), 2.00 — 1.91 (m, 1H), 1.90 — 1.82 (m, 4H), 1.00 (d, J = 6.7 Hz,
3H), 0.92 (d, J = 6.6 Hz, 3H).

3C NMR (126 MHz, Chloroform-d) & 169.7, 137.2, 129.1, 124.9, 120.0, 74.5, 50.8, 31.4, 25.7, 24.3,
22.7.

IR (ATR): v = 3403, 2958, 2932, 1676, 1598, 1524, 1441, 1240, 752, 690 cm’!.

HRMS (ESI) calcd. for Ci3H9CINO [M+H]": 240.1150, found: 240.1142.

[0}

PhHNJ)(\Q
Me CI

2-chloro-3-cyclobutyl-2-methyl-N-phenylpropanamide (28)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 14.7 mg, 58%). Rf= 0.7 (PE/EA = 10:1).
White solid. m.p. 48.1-50.0 °C.

'"H NMR (500 MHz, Chloroform-d) & 8.59 (s, 1H), 7.57 — 7.50 (m, 2H), 7.39 — 7.31 (m, 2H), 7.19 - 7.12
(m, 1H), 2.67 — 2.52 (m, 1H), 2.34 (dd, /= 14.4, 7.1 Hz, 1H), 2.14 — 2.03 (m, 2H), 2.03 — 1.96 (m, 1H),
1.88 — 1.81 (m, 4H), 1.80 — 1.70 (m, 3H).

13C NMR (126 MHz, Chloroform-d) § 169.5, 137.2, 129.0, 124.9, 119.9, 74.2, 49.6, 32.9, 30.0, 29.7,
29.0, 19.1.

IR (ATR): v = 3402, 2972, 2934, 1677, 1597, 1525, 1312, 1241, 754, 690 cm’'.

HRMS (ESI) calcd. for Ci4Hi9CINO [M+H]™: 252.1150, found: 252.1142.

[o]

Me CI

2-chloro-3-cyclopentyl-2-methyl-/V-phenylpropanamide (29)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 18.5 mg, 70%). Rf= 0.7 (PE/EA = 10:1).
White solid. m.p. 67.2-69.1 °C.

'"H NMR (500 MHz, Chloroform-d) & 8.67 (s, 1H), 7.60 —7.51 (m, 2H), 7.40 — 7.32 (m, 2H), 7.21 - 7.12
(m, 1H), 2.39 - 2.29 (m, 1H), 2.10 — 1.98 (m, 2H), 1.92 — 1.83 (m, 4H), 1.81 — 1.72 (m, 1H), 1.64 — 1.54
(m, 2H), 1.53 — 1.41 (m, 2H), 1.24 — 1.09 (m, 2H).

13C NMR (126 MHz, Chloroform-d) § 169.8, 137.2, 129.1, 124.9, 120.0, 74.8, 48.7, 37.2, 34.0, 32.8,
30.9,25.1,24.7.

IR (ATR): v = 3324, 2953, 2868, 1667, 1560, 1530, 1440, 1314, 750, 690 cm''.

HRMS (ESI) calcd. for CisH,CINO [M+H]*: 266.1306, found: 266.1298.
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2-chloro-3-cyclohexyl-2-methyl-N-phenylpropanamide (30)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 14.5 mg, 52%). Rf= 0.7 (PE/EA = 10:1).
White solid. m.p. 81.0-83.8 °C.

'H NMR (500 MHz, Chloroform-d) & 8.66 (s, 1H), 7.63 — 7.46 (m, 2H), 7.42 — 7.31 (m, 2H), 7.23 - 7.11
(m, 1H), 2.24 (dd, J = 14.5, 6.9 Hz, 1H), 1.88 — 1.80 (m, 4H), 1.79 — 1.55 (m, 6H), 1.32 — 0.96 (m, 5H).
13C NMR (126 MHz, Chloroform-d) & 169.8, 137.2, 129.1, 124.9, 120.1, 74.4, 49.6, 35.0, 34.6, 33.3,
31.2,26.3,26.2, 26.1.

IR (ATR): v = 3402, 2921, 2850, 1676, 1598, 1523, 1440, 1240, 752, 690 cm’'.

HRMS (ESI) calcd. for Ci;6H23CINO [M+H]*: 280.1463, found: 280.1455.

0

PhHN
Me ClI 0

2-chloro-2-methyl-N-phenyl-3-(tetrahydro-2H-pyran-4-yl)propanamide (31)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 16.9 mg, 60%). Rf= 0.4 (PE/EA = 10:1).
White solid. m.p. 66.0-68.5 °C.

'"H NMR (400 MHz, Chloroform-d) 8 8.67 (s, 1H), 7.60 — 7.50 (m, 2H), 7.41 — 7.32 (m, 2H), 7.24 - 7.13
(m, 1H), 3.99 — 3.82 (m, 2H), 3.45 — 3.26 (m, 2H), 2.41 — 2.26 (m, 1H), 1.91 — 1.80 (m, 5H), 1.71 — 1.56
(m, 2H), 1.49 — 1.30 (m, 2H).

13C NMR (126 MHz, Chloroform-d) & 169.5, 137.0, 129.1, 125.0, 120.0, 73.9, 67.8, 67.8, 49.0, 34.1,
33.1,32.4,31.5.

IR (ATR): v = 3401, 2930, 2843, 1681, 1598, 1527, 1441, 1140, 755, 692 cm".

HRMS (ESI) calcd. for CisHzCINO, [M+H]*: 282.1255, found: 282.1246.

0]

Me CI N
“Boc

tert-butyl 4-(2-chloro-2-methyl-3-0xo0-3-(phenylamino)propyl)piperidine-1-carboxylate (32)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1, with 1% NEt3). (0.1 mmol scale, 23.7 mg, 62%). Rf= 0.5
(PE/EA = 5:1). Colorless oil.

'"H NMR (500 MHz, Chloroform-d) & 8.66 (s, 1H), 7.58 — 7.49 (m, 2H), 7.40 — 7.32 (m, 2H), 7.19 - 7.13
(m, 1H), 4.19 — 3.81 (m, 2H), 2.78 — 2.56 (m, 2H), 2.32 (dd, /= 14.7, 6.7 Hz, 1H), 1.90 — 1.82 (m, 4H),
1.81 = 1.72 (m, 2H), 1.68 — 1.60 (m, 1H), 1.43 (s, 9H), 1.29 — 1.13 (m, 2H).

13C NMR (126 MHz, Chloroform-d) & 169.5, 154.7, 137.0, 129.1, 125.0, 120.0, 79.2, 73.9, 48.5, 33.4,
33.2,32.1,31.5,28.4.

IR (ATR): v = 3322, 2976, 2929, 1683, 1528, 1441, 1169, 865, 756, 692 cm’!.

HRMS (ESI) calcd. for C20H30CIN203 [M+H]"™: 381.1939, found: 381.1931.
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2-chloro-2,4-dimethyl-/V-phenylhexanamide (33)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 14.2 mg, 56%, d.r. = 1.1:1). Rf= 0.7 (PE/EA
=10:1). Colorless oil.

'H NMR (500 MHz, Chloroform-d) § 8.77 — 8.56 (m, 1H), 7.60 — 7.47 (m, 2H), 7.40 — 7.32 (m, 2H),
7.19-7.13 (m, 1H), 2.34 — 2.14 (m, 1H), 1.96 — 1.78 (m, 4H), 1.75 — 1.65 (m, 1H), 1.45 — 1.34 (m, 1H),
1.30—1.14 (m, 1H), 1.02 — 0.81 (m, 6H).

13C NMR (126 MHz, Chloroform-d) 8§ 169.8, 169.8, 137.2, 137.2, 129.1, 124.9, 124.9, 120.0, 120.0,
74.7,74.6,49.2,48.9,31.8,31.8,31.4,30.8, 30.8,29.8,20.8,19.4, 11.2, 11.1.

IR (ATR): v = 3403, 2962, 2931, 1680, 1598, 1526, 1441, 1240, 754, 690 cm’'.

HRMS (ESI) calcd. for Ci4H2CINO [M+H]":254.1306, found: 254.1297.

0]

PhHNW
Me ClI

2-chloro-2,4,4-trimethyl-N-phenylpentanamide (34)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 17.0 mg, 67%). Rf= 0.7 (PE/EA = 10:1).
White solid. m.p. 48.7-50.5 °C.

'"H NMR (500 MHz, Chloroform-d) & 8.74 (s, 1H), 7.55 (d, J= 7.9 Hz, 2H), 7.40 — 7.31 (m, 2H), 7.21 —
7.13 (m, 1H), 2.52 (d, J=15.0 Hz, 1H), 1.90 (d, J=15.0 Hz, 1H), 1.86 (s, 3H), 1.04 (s, 9H).

13C NMR (126 MHz, Chloroform-d) 3 169.8, 137.3, 129.1, 124.9, 120.0, 73.5, 54.0, 33.6, 32.0, 30.7.
IR (ATR): v = 3404, 2980, 2955, 1680, 1599, 1526, 1442, 1367, 753, 691 cm’!.

HRMS (ESI) calcd. for Ci4H21CINO [M+H]":254.1306, found: 254.1296.

[0}

PhHNJS(X\
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2-chloro-2,4,4-trimethyl-N-phenylhexanamide (35)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 18.8 mg, 70%). Rf= 0.7 (PE/EA = 10:1).
Colorless oil.

'"H NMR (500 MHz, Chloroform-d) & 8.74 (s, 1H), 7.62 — 7.50 (m, 2H), 7.39 — 7.30 (m, 2H), 7.20 — 7.10
(m, 1H), 2.48 (d, J=15.1 Hz, 1H), 1.90 (d, J = 15.1 Hz, 1H), 1.86 (s, 3H), 1.45 — 1.27 (m, 2H), 1.03 (s,
3H), 0.95 (s, 3H), 0.84 (t, J = 7.5 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) § 170.0, 137.3, 129.1, 124.9, 120.0, 73.6, 51.5, 36.4, 34.5, 33.8,
27.6,26.8, 8.4.

IR (ATR): v = 3405, 2967, 1684, 1599, 1527, 1441, 1312, 1241, 752, 691 cm’".

HRMS (ESI) calcd. for C;sH3CINO [M+H]*: 268.1463, found: 268.1454.
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2-chloro-2,4,4-trimethyl-V,6-diphenylhexanamide (36)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 15.8 mg, 46%). Rf= 0.7 (PE/EA = 10:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) 88.76 (s, 1H), 7.59 — 7.49 (m, 2H), 7.38 — 7.31 (m, 2H), 7.28 — 7.22
(m, 2H), 7.21 — 7.08 (m, 4H), 2.72 — 2.53 (m, 3H), 1.99 (d, /= 15.1 Hz, 1H), 1.89 (s, 3H), 1.78 — 1.67
(m, 1H), 1.65 — 1.58 (m, 1H), 1.13 (s, 3H), 1.08 (s, 3H).

3C NMR (126 MHz, Chloroform-d) 8§ 169.8, 143.0, 137.2, 129.1, 128.3, 128.3, 125.5, 124.9, 120.1,
73.4,51.5,46.0, 34.6, 34.0, 30.5, 28.1, 27.5.

IR (ATR): v = 3401, 2934, 1682, 1599, 1526, 1441, 1312, 881, 752, 691 cm’".

HRMS (ESI) calcd. for C21H27CINO [M+H]*: 344.1776, found: 344.1768.

o}
Me CI

3-((3r,5r,7r)-adamantan-1-yl)-2-chloro-2-methyl-/V-phenylpropanamide (37)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 19.8 mg, 60%). Rf=0.7 (PE/EA=10:1). Off
white solid. m.p. 101.3-103.1 °C.

'H NMR (500 MHz, Chloroform-d) & 8.73 (s, 1H), 7.59 — 7.52 (m, 2H), 7.42 — 7.33 (m, 2H), 7.22 - 7.11
(m, 1H), 2.36 (d, J = 15.1 Hz, 1H), 1.94 — 1.89 (m, 3H), 1.84 (s, 3H), 1.82 — 1.77 (m, 3H), 1.69 — 1.56
(m, 10H).

13C NMR (126 MHz, Chloroform-d) & 169.9, 137.3, 129.1, 124.9, 120.1, 72.9, 55.4, 42.9, 36.8, 34.1,
33.9,28.7.

IR (ATR): v = 3402, 2899, 2847, 1677, 1597, 1523, 1440, 1310, 749, 689 cm’'.

HRMS (ESI) calcd. for C20H27CINO [M+H]*: 332.1776, found: 332.1768.

o] o]
Me CI

2-chloro-2-methyl-3-(4-oxoadamantan-1-yl)-N-phenylpropanamide (38)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 20.0 mg, 58%). Rf=0.4 (PE/EA=5:1). White
solid. m.p. 119.5-120.6 °C.

'H NMR (500 MHz, Chloroform-d) 8 8.73 (s, 1H), 7.59 — 7.49 (m, 2H), 7.40 — 7.32 (m, 2H), 7.22 - 7.11
(m, 1H), 2.55 - 2.46 (m, 3H), 2.21 — 2.12 (m, 2H), 2.10 — 2.05 (m, 1H), 2.01 — 1.87 (m, 7H), 1.87 — 1.78
(m, 5H).

13C NMR (126 MHz, Chloroform-d) & 217.8, 169.5, 137.0, 129.1, 125.1, 120.1, 72.3, 52.9, 46.5, 46.4,
44.4,433,41.4,38.5,38.4,34.1,33.9,27.8.

IR (ATR): v = 3348, 2924, 2856, 1720, 1681, 1526, 1441, 1240, 752, 691 cm’'.

HRMS (ESI) calcd. for C20H2sCINO, [M+H]*: 346.1568, found: 346.1559.

25



0]

PhHN
Me CI
CO,Me

methyl 4-(2-chloro-2-methyl-3-0x0-3-(phenylamino)propyl)benzoate (39)

According to the general procedure B, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 21.3 mg, 64%). Rf= 0.6 (PE/EA = 5:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) & 8.30 (s, 1H), 8.00 — 7.90 (m, 2H), 7.44 — 7.38 (m, 2H), 7.37 - 7.30
(m, 4H), 7.17 — 7.12 (m, 1H), 3.89 (s, 3H), 3.64 (d, /= 13.8 Hz, 1H), 3.19 (d, /= 13.9 Hz, 1H), 1.94 (s,
3H).

3C NMR (126 MHz, Chloroform-d) 8 168.6, 166.9, 140.6, 136.6, 130.7, 129.3, 129.2, 129.0, 125.2,
120.3, 73.8, 52.1, 48.0, 30.2.

IR (ATR): v = 3399, 2951, 1719, 1680, 1527, 1441, 1279, 1109, 756, 691 cm™.

HRMS (ESI) calcd. for CisHi9oCINO; [M+H]*: 332.1048, found: 332.1038.

[o]

PhHN
Me Cl _Me

&%
2-chloro-2-methyl-3-(4-(methylsulfonyl)phenyl)-N-phenylpropanamide (40)
According to the general procedure B, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 5:1). (0.1 mmol scale, 25.7 mg, 73%). Rf= 0.3 (PE/EA =3:1). White
solid. m.p. 159.8-163.2 °C.
'"H NMR (500 MHz, Chloroform-d) § 8.32 (s, 1H), 7.90 — 7.79 (m, 2H), 7.53 — 7.46 (m, 2H), 7.43 — 7.39
(m, 2H), 7.36 — 7.30 (m, 2H), 7.20 — 7.10 (m, 1H), 3.70 (d, /= 13.8 Hz, 1H), 3.22 (d, /= 13.8 Hz, 1H),
3.01 (s, 3H), 1.96 (s, 3H).
13C NMR (126 MHz, Chloroform-d) 8§ 168.3, 141.8, 139.5, 136.5, 131.7, 129.1, 127.0, 125.3, 120.2,
73.5,47.6,44.4,30.4.
IR (ATR): v = 3354, 2986, 2927, 1678, 1598, 1529, 1303, 1149, 758, 692 cm!.

HRMS (ESI) calcd. for Ci7H9CINO;S [M+H]*: 352.0769, found: 352.0763.
o

PhHN
Me Cl NHPh

0
4-(2-chloro-2-methyl-3-0x0-3-(phenylamino)propyl)-V-phenylbenzamide (41)

According to the general procedure B, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 5:1). (0.1 mmol scale, 17.7 mg, 45%). Rf= 0.2 (PE/EA = 5:1).
Colorless oil.

'TH NMR (500 MHz, Chloroform-d) & 8.32 (s, 1H), 7.84 (s, 1H), 7.80 — 7.74 (m, 2H), 7.65 — 7.57 (m,
2H), 7.46 — 7.27 (m, 8H), 7.19 — 7.10 (m, 2H), 3.66 (d, /= 13.8 Hz, 1H), 3.20 (d, /= 13.8 Hz, 1H), 1.95
(s, 3H).

13C NMR (126 MHz, Chloroform-d) & 168.7, 165.4, 139.5, 137.9, 136.7, 133.9, 131.1, 129.1, 129.0,
126.8, 125.2, 124.5, 120.3, 120.2, 73.8, 47.9, 30.2.

IR (ATR): v = 3350, 3323, 2986, 1674, 1578, 1509, 1333, 1145, 744, 687 cm’!.

HRMS (ESI) calcd. for C23H2CIN>O, [M+H]™: 393.1364, found: 393.1358.
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methyl 2-(2-chloro-2-methyl-3-0x0-3-(phenylamino)propyl)benzoate (42)

According to the general procedure B, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 16.6 mg, 50%). Rf= 0.4 (PE/EA = 10:1).
White solid. m.p. 78.4-80.4 °C.

'"H NMR (500 MHz, Chloroform-d) & 8.25 (s, 1H), 7.88 — 7.81 (m, 1H), 7.43 — 7.39 (m, 2H), 7.38 — 7.34
(m, 1H), 7.34 — 7.28 (m, 4H), 7.16 — 7.10 (m, 1H), 4.10 (d, J = 14.1 Hz, 1H), 3.86 (s, 3H), 3.84 (d, J =
14.1 Hz, 1H), 1.91 (s, 3H).

3C NMR (126 MHz, Chloroform-d) 8 168.9, 168.7, 136.9, 136.1, 132.5, 132.0, 131.3, 130.3, 128.9,
127.3,124.9, 120.2, 74.4, 52.1, 43.6, 29.8.

IR (ATR): v = 3399, 2987, 2950, 1720, 1682, 1527, 1442, 1296, 1083, 691 cm™.

HRMS (ESI) calcd. for CisHij9CINO; [M+H]*: 332.1048, found: 332.1041.

o] Cl

PhHN
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methyl 3-chloro-4-(2-chloro-2-methyl-3-ox0-3-(phenylamino)propyl)benzoate (43)

According to the general procedure B, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 23.2 mg, 63%, r.r. > 20:1). Rf= 0.5 (PE/EA
=10:1). Colorless oil.

'H NMR (500 MHz, Chloroform-d) & 8.45 (s, 1H), 8.06 (d, J = 1.8 Hz, 1H), 7.81 (m, 1H), 7.50 — 7.47
(m, 2H), 7.44 (d, J = 8.1 Hz, 1H), 7.38 = 7.31 (m, 2H), 7.21 — 7.13 (m, 1H), 3.90 (s, 3H), 3.72 (d, J =
14.3 Hz, 1H), 3.64 (d, J=14.2 Hz, 1H), 1.95 (s, 3H).

13C NMR (126 MHz, Chloroform-d) § 168.7, 165.7, 138.6, 136.8, 135.9, 132.0, 130.8, 130.7, 129.1,
127.4,125.2,120.2,73.5, 52.4,43.7, 29.9.

IR (ATR): v = 3399, 2973, 2934, 1698, 1656, 1545, 1434, 1256, 1083, 692 cm™.

HRMS (ESI) calcd. for CisHisCI,NO3 [M+H]": 366.0658, found: 366.0652.

(e}

PhHNJ\(\/\OPh

o]
2-chloro-5-phenoxy-N-phenylpentanamide (44)

According to the modified procedure A, loading of cat.B was increased to 5 mol%. The crude product
was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol
scale, 17.0 mg, 56%). Rf= 0.4 (PE/EA = 5:1). White solid. m.p. 103.7-105.2 °C.

'"H NMR (500 MHz, Chloroform-d) & 8.29 (s, 1H), 7.59 — 7.52 (m, 2H), 7.40 — 7.33 (m, 2H), 7.31 - 7.26
(m, 2H), 7.20 — 7.13 (m, 1H), 6.98 — 6.93 (m, 1H), 6.92 — 6.85 (m, 2H), 4.57 (dd, J = 8.3, 4.5 Hz, 1H),
4.08 — 3.95 (m, 2H), 2.54 — 2.39 (m, 1H), 2.30 — 2.18 (m, 1H), 2.13 — 1.97 (m, 2H).

13C NMR (126 MHz, Chloroform-d) § 166.6, 158.7, 136.8, 129.4, 129.1, 125.1, 120.8, 120.1, 114.4,
66.8,61.1,32.6, 25.9.

IR (ATR): v = 3293, 2957, 2928, 1669, 1601, 1542, 1445, 1313, 754, 691 cm’".

HRMS (ESI) calcd. for Ci7H9CINO, [M+H]*: 304.1099, found: 304.1091.
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Cl
(4-chloro-4-(phenylsulfonyl)butoxy)benzene (45)
According to the general procedure A for 24 h, the crude product was purified by flash chromatography
on silica gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 18.8 mg, 58%). Rf= 0.4 (PE/EA =
5:1). White solid. m.p. 115.3-117.5 °C.
'H NMR (400 MHz, Chloroform-d) § 7.98 — 7.90 (m, 2H), 7.74 — 7.66 (m, 1H), 7.61 — 7.53 (m, 2H),
7.31 = 7.23 (m, 2H), 6.97 — 6.90 (m, 1H), 6.87 — 6.79 (m, 2H), 4.75 (dd, /= 10.3, 3.1 Hz, 1H), 4.04 —
3.93 (m, 2H), 2.69 — 2.61 (m, 1H), 2.17 — 2.07 (m, 1H), 2.05 — 1.93 (m, 2H).
13C NMR (126 MHz, Chloroform-d) § 158.5, 135.1, 134.5,130.0, 129.5, 129.1, 120.9, 114.4, 74.6, 66.4,
28.1,25.8.
IR (ATR): v = 3064, 2928, 1599, 1586, 1496, 1447, 1243, 1151, 688, 587 cm’.
HRMS (ESI) calcd. for C;6H;sC103S [M+H]": 325.0660, found: 325.0657.

[e]
EtOn
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Cl
diethyl (1-chloro-4-phenoxybutyl)phosphonate (46)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 5:1). (0.1 mmol scale, 21.7 mg, 68%). Rf= 0.2 (PE/EA = 5:1).
Colorless oil.
'H NMR (500 MHz, Chloroform-d) §7.31 — 7.26 (m, 2H), 6.98 — 6.92 (m, 1H), 6.91 — 6.85 (m, 2H),
4.28 —4.18 (m, 4H), 4.06 — 3.98 (m, 2H), 3.96 — 3.90 (m, 1H), 2.40 — 2.29 (m, 1H), 2.22 — 2.12 (m, 1H),
2.07 - 1.89 (m, 2H), 1.36 (t, /= 7.0 Hz, 6H).
13C NMR (126 MHz, Chloroform-d) & 158.7, 129.4, 120.7, 114.4, 66.6, 63.7 (d, J = 6.9 Hz), 63.3 (d, J
=6.9 Hz), 52.1 (d, J=160.3 Hz), 29.2, 26.3 (d, J=12.3 Hz), 16.5 (d, J=4.3 Hz), 16.4 (d, /= 4.3 Hz).
3P NMR (202 MHz, Chloroform-d) § 20.2.
IR (ATR): v = 2980, 2931, 1600, 1497, 1391, 1243, 1020, 967, 753, 692 cm’".
HRMS (ESI) calcd. for Ci4H23C104P [M+H]*: 321.1017, found: 321.1008.

Vo

Mé Cli
2-chloro-N-(4-fluorophenyl)-2-methylheptanamide (47)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 16.4 mg, 60%). Rf= 0.6 (PE/EA = 10:1).
Colorless oil.
'"H NMR (500 MHz, Chloroform-d) & 8.58 (s, 1H), 7.56 — 7.48 (m, 2H), 7.04 (t, J = 8.6 Hz, 2H), 2.28 —
2.16 (m, 1H), 1.95 — 1.85 (m, 1H), 1.84 (s, 3H), 1.59 — 1.51 (m, 1H), 1.44 — 1.28 (m, 5H), 0.92 — 0.85
(m, 3H).
1F NMR (471 MHz, Chloroform-d) § -117.1.
13C NMR (126 MHz, Chloroform-d) 8 169.7, 159.7 (d, J = 244.5 Hz), 133.1 (d, J= 3.0 Hz), 121.9 (d, J
=7.7Hz), 115.7 (d, J=22.6 Hz), 74.9,42.9,31.4,29.9, 24.6, 22.4, 13.9.
IR (ATR): v = 3404, 2956, 2931, 1673, 1510, 1408, 1213, 1158, 832, 516 cm.
HRMS (ESI) calcd. for Ci14Hz0CIFNO [M+H]": 272.1212, found: 272.1203.
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2-chloro-N-(4-chlorophenyl)-2-methylheptanamide (48)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 17.8 mg, 62%). Rf= 0.6 (PE/EA = 10:1).
White solid. m.p. 40.8-42.1 °C.

'H NMR (500 MHz, Chloroform-d) & 8.60 (s, 1H), 7.55 — 7.48 (m, 2H), 7.37 — 7.28 (m, 2H), 2.29 - 2.16
(m, 1H), 1.94 — 1.82 (m, 4H), 1.58 — 1.51 (m, 1H), 1.40 — 1.28 (m, 5H), 0.88 (t, /= 6.8 Hz, 3H).

3C NMR (126 MHz, Chloroform-d) & 169.8, 135.7, 129.9, 129.1, 121.2, 74.9, 42.9, 31.4, 29.9, 24.6,
22.4,13.9.

IR (ATR): v = 3399, 2955, 2928, 1678, 1593, 1519, 1493, 1091, 826, 508 cm’'.

HRMS (ESI) calcd. for Ci4Hz0CI,NO [M+H]*: 288.0916, found: 288.0906.

MeO.
e\©\o
NJS(\/\/
H

M€ ClI

2-chloro-N-(4-methoxyphenyl)-2-methylheptanamide (49)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 15:1). (0.1 mmol scale, 19.5 mg, 69%). Rf= 0.5 (PE/EA = 10:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) 88.51 (s, 1H), 7.49 — 7.41 (m, 2H), 6.93 — 6.83 (m, 2H), 3.80 (s,
3H), 2.29 - 2.16 (m, 1H), 1.95 — 1.82 (m, 4H), 1.59 — 1.51 (m, 1H), 1.42 — 1.28 (m, 5H), 0.91 — 0.83 (m,
3H).

13C NMR (126 MHz, Chloroform-d) & 169.5, 156.8, 130.3, 121.8, 114.2, 75.0, 55.5, 43.0, 31.4, 30.0,
24.6,22.4, 14.0.

IR (ATR): v = 3405, 2954, 2931, 1671, 1512, 1301, 1247, 1036, 827, 523 cm’'.

HRMS (ESI) calcd. for CisHz3CINO, [M+H]*: 284.1412, found: 284.1403.

F5;C.
AL
NJS(\/\/
H

Me CI

2-chloro-2-methyl-N-(4-(trifluoromethyl)phenyl)heptanamide (50)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 15:1). (0.1 mmol scale, 21.1 mg, 66%). Rf= 0.6 (PE/EA = 10:1).
White solid. m.p. 58.7-61.2 °C.

'H NMR (500 MHz, Chloroform-d) & 8.74 (s, 1H), 7.70 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H),
2.29-2.17 (m, 1H), 1.96 — 1.82 (m, 4H), 1.59 — 1.51 (m, 1H), 1.42 — 1.27 (m, 5H), 0.93 — 0.85 (m, 3H).
F NMR (471 MHz, Chloroform-d) & -62.2.

13C NMR (126 MHz, Chloroform-d) § 170.1, 140.1, 126.7 (q, J = 32.8 Hz), 126.3 (q, J = 3.6 Hz), 124.0
(q,J=271.6 Hz), 119.6, 74.8, 42.9, 31.4,29.9, 24.6, 22.4, 13.9.

IR (ATR): v = 3400, 2932, 2864, 1684, 1527, 1409, 1322, 1114, 1067, 841 cm’".

HRMS (ESI) calcd. for CisHz0CIFsNO [M+H]*: 322.1180, found: 322.1173.
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methyl 4-(2-chloro-2-methylheptanamido)benzoate (51)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 19.1 mg, 61%). Rf= 0.5 (PE/EA = 10:1).
White solid. m.p. 56.1-57.3 °C.

'H NMR (500 MHz, Chloroform-d) & 8.75 (s, 1H), 8.03 (d, J = 8.6 Hz, 2H), 7.65 (d, J = 8.7 Hz, 2H),
3.90 (s, 3H), 2.26 — 2.17 (m, 1H), 1.94 — 1.83 (m, 4H), 1.59 — 1.50 (m, 1H), 1.42 — 1.28 (m, 5H), 0.90 —
0.83 (m, 3H).

3C NMR (126 MHz, Chloroform-d) 8 170.0, 166.4, 141.2, 130.8, 126.3, 119.1, 74.8, 52.0, 42.9, 31.4,
29.8,24.6,22.4,13.9.

IR (ATR): v = 3395, 2953, 2930, 1720, 1519, 1407, 1276, 1176, 1109, 770 cm’".

HRMS (ESI) calcd. for Ci;6H23CINO; [M+H]*: 312.1361, found: 312.1354.

= 0
O =

methyl 3-(2-chloro-2-methylheptanamido)furan-2-carboxylate (52)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 13.3 mg, 44%). Rf= 0.7 (PE/EA = 5:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) § 10.49 — 10.19 (m, 1H), 7.44 (d, J = 2.0 Hz, 1H), 7.42 (d,J= 1.9
Hz, 1H), 3.96 (s, 3H), 2.28 — 2.13 (m, 1H), 1.96 — 1.87 (m, 1H), 1.83 (s, 3H), 1.57 — 1.50 (m, 1H), 1.41
—1.29 (m, 5H), 0.87 (t, J= 6.8 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) § 170.3, 160.3, 145.7, 134.4, 129.7, 106.9, 73.7, 52.0, 42.9, 31 .4,
29.7,24.5,22.4,13.9.

IR (ATR): v = 3332, 2956, 2931, 1683, 1614, 1488, 1307, 1204, 1090, 884 cm™.

HRMS (ESI) calcd. for Ci4H21CINO, [M+H]*: 302.1154, found: 302.11438.

0]

HZNJS(\/\OPh

Me Cl
2-chloro-2-methyl-5-phenoxypentanamide (53)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 3:1). (0.1 mmol scale, 17.2 mg, 71%). Rf= 0.1 (PE/EA = 5:1). White
solid. m.p. 59.6-61.3 °C.

'TH NMR (500 MHz, Chloroform-d) & 7.31 — 7.25 (m, 2H), 6.97 — 6.91 (m, 1H), 6.91 — 6.86 (m, 2H),
6.77 (s, 1H), 6.05 (s, 1H), 4.07 - 3.91 (m, 2H), 2.39 —2.26 (m, 1H), 2.12 - 2.01 (m, 2H), 1.92 — 1.85 (m,
1H), 1.82 (s, 3H).

13C NMR (126 MHz, Chloroform-d) & 174.3, 158.8, 129.4, 120.7, 114.4, 73.0, 67.1, 39.3, 29.9, 25.1.
IR (ATR): v = 3475, 3337, 2960, 2931, 1671, 1496, 1240, 1030, 752, 691 cm’'.

HRMS (ESI) calcd. for Ci2H;7CINO, [M+H]*: 242.0942, found: 242.0936.
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2-chloro-N,2-dimethyl-5-phenoxypentanamide (54)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 4:1). (0.1 mmol scale, 19.0 mg, 74%). Rf= 0.2 (PE/EA = 5:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) § 7.30 — 7.24 (m, 2H), 6.98 — 6.83 (m, 4H), 4.01 — 3.88 (m, 2H),
2.86 (d, J=4.8 Hz, 3H), 2.37 — 2.28 (m, 1H), 2.09 — 1.96 (m, 2H), 1.87 — 1.73 (m, 4H).

3C NMR (126 MHz, Chloroform-d) § 171.8, 158.8, 129.4, 120.6, 114.4, 74.3, 67.1, 39.4, 30.1, 26.9,
25.1.

IR (ATR): v = 3365, 2931, 2875, 1653, 1525, 1241, 1172, 1038, 753, 692 cm..

HRMS (ESI) calcd. for Ci3H9CINO, [M+H]*: 256.1099, found: 256.1089.

o}

BnO)S(\/\OPh

Me CI
benzyl 2-chloro-2-methyl-5-phenoxypentanoate (55)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 13.5 mg, 41%). Rf= 0.5 (PE/EA = 20:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) § 7.40 — 7.32 (m, 5H), 7.31 — 7.26 (m, 2H), 6.98 — 6.92 (m, 1H),
6.89 — 6.82 (m, 2H), 5.21 (s, 2H), 3.95 (t, J = 6.2 Hz, 2H), 2.28 (ddd, J = 14.0, 10.3, 6.1 Hz, 1H), 2.19
(ddd, J=13.9,10.4, 5.8 Hz, 1H), 1.94 — 1.85 (m, 2H), 1.81 (s, 3H).

13C NMR (126 MHz, Chloroform-d) § 171.0, 158.8, 135.3, 129.4, 128.6, 128.4, 128.0, 120.7, 114.4,
68.7,67.7,67.1, 38.8, 27.8, 25.0.

IR (ATR): v = 2965, 2935, 1738, 1600, 1497, 1456, 1244, 1048, 753, 693 cm’'.

HRMS (FI) calcd. for C1oH,:C1O3 [M]*: 332.1174, found: 332.1171.

[0}

MeoJ}(\/\oph

F el
methyl 2-chloro-2-fluoro-5-phenoxypentanoate (56)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 11.0 mg, 42%). Rf= 0.4 (PE/EA = 20:1).
Colorless oil.

'TH NMR (500 MHz, Chloroform-d) & 7.32 — 7.26 (m, 2H), 6.98 — 6.92 (m, 1H), 6.91 — 6.86 (m, 2H),
4.02 (t, J=6.0 Hz, 2H), 3.89 (s, 3H), 2.60 — 2.48 (m, 2H), 2.18 —2.05 (m, 1H), 2.03 — 1.92 (m, 1H).
1F NMR (471 MHz, Chloroform-d)  -116.6.

13C NMR (126 MHz, Chloroform-d) § 166.0, 158.6, 129.5, 120.9, 114.4, 105.5 (d, J = 255.5 Hz), 66.3,
53.8,37.2(d,J=21.6 Hz), 23.4 (d, J=2.4 Hz).

IR (ATR): v = 2957, 2926, 1762, 1600, 1497, 1244, 1035, 961, 755, 692 cm’",

HRMS (FI) calcd. for Ci,Hi4CIFO; [M]*: 260.0610, found: 260.0607.
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dimethyl 2-chloro-2-(3-phenoxypropyl)succinate (57)

According to the general procedure A, the crude product was purified by flash chromatography on silica

gel (petroleum ether/ethyl acetate = 15:1). (0.1 mmol scale, 26.0 mg, 83%). Rf= 0.2 (PE/EA = 20:1).

Colorless oil.

'H NMR (500 MHz, Chloroform-d) § 7.31 — 7.25 (m, 2H), 6.98 — 6.92 (m, 1H), 6.90 — 6.84 (m, 2H),

3.98 (t, J=6.1 Hz, 2H), 3.82 (s, 3H), 3.70 (s, 3H), 3.22 (d, /= 16.5 Hz, 1H), 3.11 (d, /= 16.5 Hz, 1H),

2.39-2.29 (m, 1H), 2.27 - 2.17 (m, 1H), 2.06 — 1.95 (m, 1H), 1.94 — 1.83 (m, 1H).

3C NMR (126 MHz, Chloroform-d) 8 170.4, 169.3, 158.7, 129.4, 120.8, 114.4, 68.7, 66.9, 53.4, 52.0,

45.0,37.0, 24.4.

IR (ATR): v = 2954, 1741, 1600, 1497, 1473, 1355, 1244, 1046, 755, 693 cm’!.

HRMS (ESI) calcd. for CisHz0C10s [M+H]™: 315.0994, found: 315.0990.

0
Etob(\/\oph

PhthN—/ Cl

ethyl 2-chloro-2-((1,3-dioxoisoindolin-2-yl)methyl)-5-phenoxypentanoate (58)

According to the general procedure A, the crude product was purified by flash chromatography on silica

gel (petroleum ether/ethyl acetate = 5:1). (0.1 mmol scale, 30.3 mg, 73%). Rf= 0.3 (PE/EA = 5:1).

Colorless oil.

'H NMR (500 MHz, Chloroform-d) & 7.89 — 7.83 (m, 2H), 7.79 — 7.70 (m, 2H), 7.30 — 7.19 (m, 2H),

6.92 (t,J=17.3 Hz, 1H), 6.87 (d, /= 8.1 Hz, 2H), 4.32 — 4.24 (m, 4H), 3.99 (t, J = 6.1 Hz, 2H), 2.46 —

2.35 (m, 1H), 2.20 — 2.05 (m, 2H), 1.94 — 1.82 (m, 1H), 1.32 (t, /= 7.2 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) § 168.9, 167.8, 158.7, 134.2, 131.7, 129.4, 123.6, 120.6, 114.4,

72.1,66.9, 63.1,45.9, 35.8,24.8, 13.9.

IR (ATR): v = 2979, 2937, 1778, 1718, 1422, 1390, 1243, 1029, 755, 692 cm’'.

HRMS (ESI) calcd. for C22Hz3CINOs [M+H]*: 416.1259, found: 416.1253.

EtO OPh
Cl

ethyl 2-chloro-2-cyclohexyl-5-phenoxypentanoate (59)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 24.3 mg, 72%). Rf= 0.4 (PE/EA = 20:1).
Colorless oil.

'TH NMR (500 MHz, Chloroform-d) & 7.31 — 7.26 (m, 2H), 6.97 — 6.91 (m, 1H), 6.91 — 6.85 (m, 2H),
4.23 (q,J=7.1 Hz, 2H), 4.06 — 3.90 (m, 2H), 2.26 —2.17 (m, 1H), 2.15 — 2.02 (m, 2H), 2.02 — 1.94 (m,
1H), 1.89 — 1.75 (m, 3H), 1.75 — 1.65 (m, 2H), 1.59 — 1.51 (m, 1H), 1.42 - 1.27 (m, 5H), 1.26 — 1.17 (m,
3H).

13C NMR (126 MHz, Chloroform-d) § 170.8, 158.8, 129.4, 120.6, 114.4, 80.0, 67.3, 62.1, 47.3, 36.0,
28.4,27.0,26.2,26.1,26.1,25.1, 14.2.

IR (ATR): v =2971, 2932, 2857, 1749, 1718, 1497, 1245, 1184, 754, 692 cm’!.

HRMS (FI) calcd. for Ci9H,7ClO3 [M]": 338.1643, found: 338.1638.

32



o}

PhO OPh
Cl

phenyl 2-(zerz-butyl)-2-chloro-5-phenoxypentanoate (60)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 31.3 mg, 87%). Rf= 0.4 (PE/EA = 20:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) § 7.43 — 7.37 (m, 2H), 7.33 — 7.24 (m, 3H), 7.12 — 7.07 (m, 2H),
6.98 — 6.94 (m, 1H), 6.93 — 6.90 (m, 2H), 4.12 — 4.00 (m, 2H), 2.67 — 2.58 (m, 1H), 2.36 — 2.22 (m, 1H),
2.17-2.05 (m, 1H), 1.98 — 1.84 (m, 1H), 1.28 (s, 9H).

3C NMR (126 MHz, Chloroform-d) § 168.9, 158.8, 150.6, 129.5, 129.4, 126.2, 121.3, 120.7, 114.5,
83.7,67.4,40.0,33.2, 26.7, 26.1.

IR (ATR): v = 2975, 1765, 1742, 1600, 1493, 1243, 1187, 1165, 752, 722 cm™..

HRMS (DART) calcd. for C21H26C103 [M+H]*: 361.1565, found: 361.1565.

0]
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PH Cl
2-chloro-5-phenoxy-N,2-diphenylpentanamide (61)
According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 12.6 mg, 33%). Rf= 0.6 (PE/EA = 10:1).
Colorless oil.
'"H NMR (500 MHz, Chloroform-d) 3 8.37 (s, 1H), 7.68 — 7.61 (m, 2H), 7.56 — 7.51 (m, 2H), 7.42 — 7.33
(m, 5H), 7.29 — 7.25 (m, 2H), 7.19 — 7.12 (m, 1H), 6.96 — 6.91 (m, 1H), 6.89 — 6.85 (m, 2H), 4.08 —3.94
(m, 2H), 2.83 — 2.73 (m, 1H), 2.69 — 2.57 (m, 1H), 2.07 — 1.94 (m, 2H).
13C NMR (126 MHz, Chloroform-d) § 167.8, 158.9, 140.1, 137.1, 129.4, 129.1, 128.7, 128.7, 126.3,
125.0, 120.7, 120.0, 114.5, 78.2, 67.2, 38.7, 25.3.
IR (ATR): v = 3393, 3028, 2926, 1671, 1598, 1525, 1495, 1241, 752, 691 cm’!.
HRMS (ESI) calcd. for C23H23CINO, [M+H]*: 380.1412, found: 380.1406.

(0]

ob(\/\OPh
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3-chloro-3-(3-phenoxypropyl)dihydrofuran-2(3H)-one (62)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 15:1). (0.1 mmol scale, 16.0 mg, 63%). Rf= 0.2 (PE/EA = 20:1).
White solid. m.p. 57.5-59.4 °C.

'TH NMR (500 MHz, Chloroform-d) & 7.33 — 7.26 (m, 2H), 6.98 — 6.93 (m, 1H), 6.92 — 6.85 (m, 2H),
4.53 —4.45 (m, 1H), 4.43 —4.37 (m, 1H), 4.10 — 3.98 (m, 2H), 2.62 —2.55 (m, 1H), 2.54 — 2.45 (m, 1H),
2.41-2.31 (m, 1H), 2.25 -2.16 (m, 1H), 2.15 - 2.06 (m, 1H), 1.97 — 1.86 (m, 1H).

13C NMR (126 MHz, Chloroform-d) § 173.6, 158.6, 129.5, 120.9, 114.4, 66.8, 65.7, 65.5, 37.9, 34.7,
24.6.

IR (ATR): v = 2924, 1778, 1600, 1497, 1293, 1175, 1080, 1022, 755, 692 cm’!.

HRMS (FI) calcd. for Ci3H5C103 [M]*: 254.0704, found: 254.0702.
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methyl 4-(2-chloro-4-phenylbutyl)benzoate (63)

According to the general procedure C, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 15.0 mg, 50%). Rf= 0.5 (PE/EA = 10:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) 88.02 — 7.92 (m, 2H), 7.34 — 7.26 (m, 3H), 7.26 — 7.24 (m, 1H),
7.23 -7.19 (m, 1H), 7.19 — 7.14 (m, 2H), 4.13 — 4.05 (m, 1H), 3.91 (s, 3H), 3.15 — 3.04 (m, 2H), 2.97 —
2.89 (m, 1H), 2.82 —2.71 (m, 1H), 2.14 — 1.94 (m, 2H).

13C NMR (126 MHz, Chloroform-d) 8 166.9, 143.0, 140.7, 129.7, 129.4, 128.7, 128.5, 128.5, 126.1,
62.2,52.0,44.8,39.4, 32.6.

IR (ATR): v = 2952, 2924, 1719, 1435, 1279, 1180, 1105, 1067, 751, 701 cm™.

HRMS (FI) calcd. for CisH19ClO, [M]*: 302.1068, found: 302.1062.

CO,Me
jl\/@
"Bu

methyl 4-(2-chlorohexyl)benzoate (64)

According to the general procedure C, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 11.5 mg, 45%). Rf= 0.5 (PE/EA = 10:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) § 8.04 — 7.93 (m, 2H), 7.34 — 7.27 (m, 2H), 4.15 — 4.04 (m, 1H),
3.91 (s, 3H), 3.17 = 3.01 (m, 2H), 1.82 — 1.66 (m, 2H), 1.59 — 1.51 (m, 1H), 1.48 — 1.38 (m, 1H), 1.37 —
1.25 (m, 2H), 0.90 (t, J= 7.3 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) 8 167.0, 143.4, 129.7, 129.4, 128.7, 63.3, 52.0, 44.8, 37.6, 28.6,
22.1,13.9.

IR (ATR): v = 2954, 2931, 2861, 1719, 1435, 1275, 1180, 1108, 762, 706 cm™.

HRMS (FI) calcd. for C14H19ClO, [M]": 254.1068, found: 254.1065.

/\/\)Cl\/©/COZMe
Cl

methyl 4-(2,6-dichlorohexyl)benzoate (65)

According to the general procedure C, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 16.3 mg, 56%). Rf= 0.5 (PE/EA = 10:1).
Colorless oil.

'"H NMR (500 MHz, Chloroform-d) § 8.01 — 7.96 (m, 2H), 7.34 — 7.27 (m, 2H), 4.10 (m, 1H), 3.91 (s,
3H), 3.53 (t, J= 6.2 Hz, 2H), 3.18 — 3.03 (m, 2H), 1.85 — 1.70 (m, 5H), 1.61 — 1.54 (m, 1H).

13C NMR (126 MHz, Chloroform-d) & 166.9, 143.0, 129.7, 129.4, 128.8, 62.8, 52.1, 44.8, 44.6, 37.0,
31.9,238.

IR (ATR): v =2952,1719, 1611, 1435, 1278, 1180, 1105, 1021, 764, 707 cm"'.

HRMS (FI) calcd. for Ci4H3CLO> [M]™: 288.0678, found: 288.0676.
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diethyl 2-(2-chloro-3-(4-(methoxycarbonyl)phenyl)propyl)malonate (66)

According to the general procedure C, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 23.2 mg, 63%). Rf= 0.1 (PE/EA = 20:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) § 8.05 — 7.96 (m, 2H), 7.34 — 7.27 (m, 2H), 4.23 — 4.14 (m, 5H),
3.90 (s, 3H), 3.76 (dd, J = 10.4, 4.1 Hz, 1H), 3.20 — 3.06 (m, 2H), 2.53 — 2.41 (m, 1H), 2.22 — 2.09 (m,
1H), 1.30 — 1.22 (m, 6H).

3C NMR (126 MHz, Chloroform-d) 5 168.9, 168.6, 166.9, 142.3, 129.7, 129.4, 128.9, 61.7, 61.6, 60.3,
52.0,49.3,44.9, 36.8, 14.0, 14.0.

IR (ATR): v =2984, 1722, 1611, 1435, 1278, 1180, 1105, 1021, 859, 765 cm''.

HRMS (ESI) calcd. for CisH24C106 [M+H]™: 371.1256, found: 371.1248.

Cl
SRS\
Boc” CO,Me

tert-butyl 4-chloro-4-(4-(methoxycarbonyl)benzyl)piperidine-1-carboxylate (67)

According to the general procedure C, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 10:1). (0.1 mmol scale, 19.5 mg, 53%). Rf=0.6 (PE/EA=5:1). White
solid. m.p. 93.0-94.9 °C.

'H NMR (500 MHz, Chloroform-d) § 8.02 — 7.95 (m, 2H), 7.41 — 7.30 (m, 2H), 4.12 — 3.88 (m, 5H),
3.22 -3.03 (m, 4H), 1.89 — 1.71 (m, 4H), 1.44 (s, 9H).

13C NMR (126 MHz, Chloroform-d) § 166.9, 154.6, 140.5, 131.1, 129.2, 129.0, 79.7, 71.9, 71.9, 52.1,
51.2,38.5,28.4.

IR (ATR): v = 2975, 2952, 2921, 1721, 1689, 1417, 1278, 1104, 765, 710 cm™.

HRMS (ESI) calcd. for Ci9Hz7CINO4 [M+H]*: 368.1623, found: 368.1620.

o} Me,_ Me Me
PhHNJS(VfTMO
Me ClI 0
Me

5-chloro-5-methyl-6-0x0-6-(phenylamino)hexyl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate
(68)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 31.0 mg, 64%). Rf= 0.7 (PE/EA = 10:1).
Colorless oil.

'H NMR (500 MHz, Chloroform-d) & 8.59 (s, 1H), 7.57 — 7.50 (m, 2H), 7.40 — 7.30 (m, 2H), 7.19 - 7.11
(m, 1H), 7.00 (d, J = 7.4 Hz, 1H), 6.71 — 6.63 (m, 1H), 6.60 (d, /= 1.5 Hz, 1H), 4.12 — 4.02 (m, 2H),
3.89 (t,J=5.6 Hz, 2H), 2.31 (s, 3H), 2.29 — 2.24 (m, 1H), 2.17 (s, 3H), 1.99 — 1.90 (m, 1H), 1.86 (s, 3H),
1.76 — 1.63 (m, 7H), 1.52 — 1.41 (m, 1H), 1.19 (s, 6H).

13C NMR (126 MHz, Chloroform-d) § 177.7, 169.3, 156.9, 137.0, 136.4, 130.2, 129.0, 125.0, 123.5,
120.6, 120.0, 111.9, 74.5, 67.9, 63.8, 42.4, 42.0, 37.0, 30.0, 28.3, 25.1, 25.1, 21.5,21.4, 15.8.

IR (ATR): v = 2954, 2924, 1725, 1684, 1528, 1509, 1313, 1130, 755, 692 cm!.

HRMS (ESI) calcd. for C2sH39CINO, [M+H]*: 488.2562, found: 488.2551.
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H HCl OPh
o
A O

= H
(BR,3a8,5S,8aR,9aR)-3-chloro-5,8a-dimethyl-3-(3-phenoxypropyl)-3a,5,6,7,8,82,9,9a-
octahydronaphtho[2,3-b]furan-2(3H)-one (69)

According to the general procedure A for 12 h, the crude product was purified by flash chromatography
on silica gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 26.8 mg, 69%, d.r. >20:1). Rf=0.4
(PE/EA =20:1). White solid. m.p. 70.0-74.8 °C.

'H NMR (500 MHz, Chloroform-d) § 7.33 — 7.27 (m, 2H), 7.00 — 6.93 (m, 1H), 6.92 — 6.87 (m, 2H),
5.21(d,J=3.2 Hz, 1H), 5.13 — 5.06 (m, 1H), 4.23 —4.13 (m, 1H), 4.06 — 3.95 (m, 1H), 3.27 — 3.12 (m,
1H), 2.55 -2.43 (m, 1H), 2.38 — 2.23 (m, 2H), 2.21 — 2.11 (m, 2H), 2.05 - 1.95 (m, 1H), 1.89 — 1.77 (m,
1H), 1.67 — 1.53 (m, 4H), 1.49 — 1.42 (m, 1H), 1.24 (s, 3H), 1.18 — 1.07 (m, 4H).

13C NMR (126 MHz, Chloroform-d) 8 173.1, 158.6, 153.3, 129.5, 120.8, 114.3, 113.3, 76.3, 71.6, 66.8,
47.7,42.4,42.2,38.6,33.1, 32.8, 30.6, 28 .4, 24.3,22.7, 16.7.

IR (ATR): v = 2929, 1776, 1599, 1497, 1244, 1184, 994, 955, 754, 692 cm™.

HRMS (ESI) calcd. for C23H30C103 [M+H]™: 389.1878, found: 389.1871.

. i
& om>§/\/oph
0

1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl 2-chloro-2-methyl-5-phenoxypentanoate (70)

According to the general procedure A, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 24.7 mg, 65%, d.r. = 1:1). Rf= 0.4 (PE/EA =
20:1). Colorless oil.

'H NMR (500 MHz, Chloroform-d) § 7.31 — 7.26 (m, 2H), 6.96 — 6.92 (m, 1H), 6.90 — 6.85 (m, 2H),
4.74 — 4.67 (m, 1H), 3.98 (t, /= 6.2 Hz, 2H), 2.28 — 2.12 (m, 2H), 1.95 — 1.80 (m, 3H), 1.79 — 1.67 (m,
6H), 1.62 — 1.53 (m, 1H), 1.19 — 1.06 (m, 2H), 1.02 (s, 3H), 0.90 (d, J= 2.3 Hz, 3H), 0.86 (s, 3H).

13C NMR (126 MHz, Chloroform-d) § 170.5, 170.5, 158.8, 129.4, 120.7, 114.4, 82.9, 82.9, 69.0, 68.8,
67.2, 67.1, 49.0, 48.9, 47.0, 45.0, 38.8, 38.6, 33.6, 33.6, 27.8, 27.7, 27.0, 25.1, 25.1, 20.1, 19.9, 11.5,
11.4.

IR (ATR): v = 2957, 2883, 1734, 1558, 1541, 1498, 1245, 1051, 753, 691 cm’!.

HRMS (DART) calcd. for C2xH3sCINO3; [M+NH4]*: 396.2300, found: 396.2296.

MeO,C

methyl 4-(2-chloro-2-((1r,4r)-4'-(3,4-difluorophenyl)-[1,1'-bi(cyclohexan)]-4-yl)ethyl)benzoate (71)
According to the general procedure C, the crude product was purified by flash chromatography on silica
gel (petroleum ether/ethyl acetate = 20:1). (0.1 mmol scale, 26.8 mg, 57%, d.r. = 1.4:1). R= 0.5 (PE/EA
=20:1). White solid. m.p. 110.0-113.4 °C.

TH NMR (500 MHz, Chloroform-d) & 8.02 — 7.96 (m, 2H), 7.34 — 7.27 (m, 2H), 7.09 — 7.01 (m, 1H),
7.01 = 6.96 (m, 1H), 6.92 — 6.86 (m, 1H), 4.09 — 3.99 (m, 1H), 3.91 (s, 3H), 3.16 (dd, /= 14.2, 4.9 Hz,
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1H), 3.01 (dd, J=14.2,9.2 Hz, 1H), 2.45 —2.36 (m, 1H), 2.01 — 1.77 (m, 9H), 1.41 — 1.24 (m, 5H), 1.21
—1.04 (m, SH).

F NMR (376 MHz, Chloroform-d) & -138.67 (d, J = 21.1 Hz), -142.53 (d, J = 21.4 Hz)

13C NMR (126 MHz, Chloroform-d) & 167.0, 150.1 (dd, J = 247.0, 12.6 Hz), 148.5 (dd, J = 245.0, 12.9
Hz), 144.7 (q, J=5.0 Hz), 144.0, 129.7, 129.2, 128.6, 122.5 (dd, /= 6.0, 3.2 Hz), 116.7 (d, J= 16.8 Hz),
115.4 (d, J=16.7 Hz), 68.9, 52.0, 43.8, 43.6, 42.9, 42.5, 41.9, 34.5, 30.4, 30.1, 30.1, 29.5, 29.4, 27.6.
IR (ATR): v = 2921, 2852, 1716, 1517, 1276, 1105, 1019, 818, 737, 704 cm™'.

HRMS (FI) caled. for C23sH33CIF20, [M]*: 474.2132, found: 474.2133.

MeO__O
/\/*(\jgng
91
a-n-butyl-poly(methyl acrylate) (91)
According to the general procedure D, the product was obtained as a waxy solid (conv. of 83 = 98%,
91.4 mg).
'H NMR (500 MHz, Chloroform-d) & 4.30 — 4.18 (m, 1H), 3.67 — 3.49 (m, 238H), 2.40 — 2.15 (m, 79H),
1.98 — 1.32 (m, 161H).
13C NMR (126 MHz, Chloroform-d) & [174.9, 174.8], [51.8, 51.7], [41.3, 41.2, 41.1], [35.6, 35.1, 34.9,
34.2],31.5,26.7,22.3, 13.9.
IR (ATR): v = 2954, 1730, 1436, 1266, 1196, 1161, 1118, 827, 732, 702 cm.
Mn -43kDa, D -1.51

MeO.__O
92

a-iso-propyl-poly(methyl acrylate) (92)
According to the general procedure D, the product was obtained as a waxy solid (conv. of 83 = 97%,
93.1 mg).
'"H NMR (500 MHz, Chloroform-d) & 4.29 — 4.16 (m, 1H), 3.61 (m, 240H), 2.43 — 2.17 (m, 80H), 1.99
—1.33 (m, 165H).
13C NMR (126 MHz, Chloroform-d) & [174.9, 174.8], [51.7, 51.6], [41.3, 41.2, 41.0], [35.9, 35.0, 34.8,
34.2],25.8,22.1.
IR (ATR): v = 2954, 1728, 1436, 1266, 1195, 1158, 1119, 827, 734, 702 cm".
Mn -4.7kDa, D - 1.64

MeO.__O
93

a-tert-butyl-poly(methyl acrylate) (93)
According to the general procedure D, the product was obtained as a waxy solid (conv. of 83 = 98%,
103.9 mg).
'"H NMR (500 MHz, Chloroform-d) & 4.29 —4.16 (m, 1H), 3.68 — 3.51 (m, 241H), 2.39 — 2.13 (m, 81H),
1.96 — 1.31 (m, 162H), 0.78 — 0.76 (m, 9H).
13C NMR (126 MHz, Chloroform-d)  [174.9, 174.8], [51.7, 51.6], [41.2, 41.2, 41.0], [35.9, 35.0, 34.8,
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34.2],30.7, 29.2.
IR (ATR): v = 2953, 1727, 1436, 1380, 1195, 1157, 1119, 827, 734, 702 cm"".
Mn -3.8kDa, P - 1.57

MeO O

94
o-undec-10-en-1-yl-poly(methyl acrylate) (94)

According to the general procedure D, the product was obtained as a waxy solid (conv. of 83 > 98%,
90.5 mg).

'H NMR (500 MHz, Chloroform-d) § 5.78 — 5.67 (m, 1H), 4.94 — 4.81 (m, 2H), 4.37 — 4.07 (m, 1H),
3.59 (m, 360H), 2.42 — 2.12 (m, 120H), 1.97 — 1.30 (m, 268H).

13C NMR (126 MHz, Chloroform-d) & [174.9, 174.9], 139.2, 114.0, [51.8, 51.7], [45.1,41.3,41.2],41.1,
[36.0, 35.1, 34.9, 34.2], 32.6, 29.5, 29.4, 29.1, 28.9, 28.8, 26.8, 22.6.

IR (ATR): v = 2952, 1728, 1436, 1379, 1194, 1157, 974, 827, 734, 703 cm’".

Mn - 6.6 kDa, D - 1.50

o-pent-4-yn-1-yl-poly(methyl acrylate) (95)

According to the general procedure D, the product was obtained as a waxy solid (conv. of 83 = 97%,
89.2 mg).

'"H NMR (500 MHz, Chloroform-d) 5 4.28 —4.18 (m, 1H), 3.69 —3.51 (m, 371H), 2.38 —2.17 (m, 126H),
1.93 — 1.33 (m, 256H).

13C NMR (126 MHz, Chloroform-d) & [174.9, 174.8], 84.1, 73.9, [51.7, 51.6], [41.2, 41.1, 41.0], [35.9,
35.4,34.38,34.1], 26.1, 25.0, 16.8.

IR (ATR): v = 2953, 1727, 1436, 1380, 1195, 1158, 1118, 827, 733, 702 cm..

Mn - 6.4kDa, D - 1.68

MeO 0O
Pho\/\(\)\:
Cl

96
o-2-phenoxyethyl-poly(methyl acrylate) (96)
According to the general procedure D, the product was obtained as a waxy solid (conv. of 83 = 98%,
100.7 mg).
'H NMR (500 MHz, Chloroform-d) & 7.24 — 7.16 (m, 2H), 6.90 — 6.84 (m, 1H), 6.84 — 6.77 (m, 2H),
4.28 —4.18 (m, 1H), 3.92 — 3.82 (m, 2H), 3.68 — 3.53 (m, 180H), 2.43 — 2.17 (m, 60H), 1.97 — 1.33 (m,
124H).
13C NMR (126 MHz, Chloroform-d) & [174.8, 174.7], 158.7, 129.3, 120.5, 114.3, 67.0, [51.7, 51.6],
[41.2,41.1,41.0], [35.8, 35.0, 34.7, 34.1], 26.7.
IR (ATR): v = 2953, 1729, 1436, 1381, 1195, 1160, 1057, 827, 733, 702 cm"'.
Mn -3.1kDa, D -1.67
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97
0-3-(trimethylsilyl)propyl-poly(methyl acrylate) (97)
According to the general procedure D, the product was obtained as a waxy solid (conv. of 83 > 98%,
85.2 mg).
'H NMR (500 MHz, Chloroform-d) & 4.29 — 4.18 (m, 1H), 3.66 — 3.55 (m, 219H), 2.37 — 2.17 (m, 73H),
1.94 - 1.36 (m, 147H), -0.14 — -0.20 (m, 9H).
13C NMR (126 MHz, Chloroform-d) & [174.9, 174.8], [51.8, 51.7], [41.3, 41.2, 41.1], [36.0, 35.1, 34.9,
34.2],23.7,22.6, 16.4, -1.8.
IR (ATR): v = 2953, 1731, 1437, 1380, 1196, 1161, 1119, 828, 734, 702 cm.
Mn -4.1kDa, D -1.51

MeO .0
(pin)B/*;/gnm

98
0-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl-poly(methyl acrylate) (98)
According to the general procedure D, the product was obtained as a waxy solid (conv. of 83 = 95%,
106.0 mg).
'"H NMR (400 MHz, Chloroform-d) & 4.28 —4.18 (m, 1H), 3.65 - 3.52 (m, 354H), 2.36 — 2.14 (m, 116H),
1.96 — 1.35 (m, 238H), 1.15 (m, 12H).
13C NMR (126 MHz, Chloroform-d) & [174.9, 174.8], 83.0, [51.7, 51.6], [41.2, 41.2, 41.0], [35.9, 35.0,
34.8,34.1], 24.7, 24.4.
IR (ATR): v = 2953, 1728, 1436, 1379, 1195, 1158, 1057, 827, 734, 702 cm’".
Mn -5.0kDa, D - 1.45

MeO._-0O
HOZC/\/\/\(\InCI

99
a-5-carboxy-1-n-pentyl -poly(methyl acrylate) (99)
According to the general procedure D, the product was obtained as a waxy solid (conv. of 83 = 97%,
97.7 mg).
'H NMR (500 MHz, Chloroform-d) & 4.28 —4.16 (m, 1H), 3.68 — 3.49 (m, 212H), 2.36 — 2.15 (m, 73H),
1.95 - 1.30 (m, 147H).
13C NMR (126 MHz, Chloroform-d) & 177.7,[174.9, 174.8],[51.8, 51.7], [41.3, 41.2,41.1], [36.0, 35.1,
34.9, 34.2], 29.6, 28.9, 28.7, 26.8, 24.6.
IR (ATR): v = 2953, 1727, 1436, 1380, 1194, 1157, 1119, 973, 827, 734 cm".
Mn -3.7kDa, D -2.15

MeO. O
BocHN
oc \/\(\jgnq

100
a-2-((tert-butoxycarbonyl)amino)ethyl-poly(methyl acrylate) (100)

According to the general procedure D, the product was obtained as a waxy solid (conv. of 83 = 97%,
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91.6 mg).

'"H NMR (500 MHz, Chloroform-d) & 4.64 —4.46 (m, 1H), 4.29 — 4.21 (m, 1H), 3.69 — 3.54 (m, 200H),
2.40 —2.19 (m, 66H), 1.97 — 1.40 (m, 132H), 1.40 — 1.38 (m, 9H).

13C NMR (126 MHz, Chloroform-d) 3 [174.9, 174.8], 155.9, [51.8, 51.7], [41.3,41.2, 41.1], [36.0, 35.1,
34.9,34.2],29.6,28.4, 14.1.

IR (ATR): v = 2953, 1727, 1436, 1380, 1195, 1157, 1119, 827, 734, 702 cm..

Mn -4.0kDa, D -1.57

CO,Me CO,Et
™S A Xl
102

o-3-(trimethylsilyl)propyl-poly(methyl acrylate) — b- poly(ethyl acrylate) (102)

According to the general procedure D, in an N»-filled glove-box, an oven-dried vial (4 mL) equipped
with a magnetic stir bar was charged with cat.A4 (3.0 mg, 0.003 mmol), ethyl acrylate (1.5 mmol) and
97 (98.2 mg). Then, MTBE (0.6 mL) and HFIP (0.4 mL) were added into the vial. The vial was sealed,
removed from the glove-box and was irradiated under 370 nm LEDs (40 W x 2) for 1 h at room
temperature with vigorous stirring. After completion of the reaction, the mixture was added dropwise
into 20 mL of a mixed solvent system consisting of pentane and methanol (v/v = 40:1), leading to
precipitation of the polymer as a waxy solid. The solid was then washed five times with the same mixed
solvent system, followed by decantation to remove the solvent, and dried under reduced pressure to afford
102 (153.6 mg).

'H NMR (500 MHz, Chloroform-d) & 4.15 — 3.94 (m, 190H), 3.68 — 3.50 (m, 222H), 2.45 — 2.09 (m,
172H), 1.97 — 1.33 (m, 351H), 1.31 — 1.09 (m, 297H), -0.08 — -0.14 (m, 9H).

13C NMR (126 MHz, Chloroform-d) & [174.9, 174.8], [174.5, 174.4, 174.4], [60.6, 60.4, 60.3], [51.7,
51.6], [41.3,41.2, 41.0], [36.0, 35.2, 35.0, 34.2], 23.6, 16.4, [14.1, 14.0], -1.8.

IR (ATR): v = 2954, 1726, 1445, 1379, 1155, 1114, 1023, 852, 828, 735 cm™.

Mn - 6.5kDa, D - 1.48

CoMe O N/ \/ 0 CO,Me
cr(J\’)n’\H;U\o’\/o\/\(’s"o)ms'\/\/o\/\oJWCI
104

poly(methyl acrylate)-b-polydimethylsiloxane-b-poly(methyl acrylate) (104)

An oven-dried vial (4 mL) equipped with a magnetic stir bar was charged with 99 (118.1 mg), PDMS
(15 mg, purchased from Aladdin, Mn - 1.3 kDa, D - 1.48), DMAP (1.0 mg) and EDC (7.4 mg), anhydrous
DCM (2.0 mL) was added. The mixture was stirred at r.t. for 12 h. After completion of the reaction, the
mixture was added dropwise into 20 mL of a mixed solvent system consisting of pentane and methanol
(v/v =40:1), leading to precipitation of the polymer as a waxy solid. The solid was then washed five
times with the same mixed solvent system, followed by decantation to remove the solvent, and dried
under reduced pressure to afford 104 (125.3 mg).

'TH NMR (500 MHz, Chloroform-d) §4.29 —4.21 (m, 2H), 3.69 —3.51 (m, 420H), 2.40 — 2.18 (m, 142H),
1.93 — 1.34 (m, 296H), 0.05 —-0.04 (m, 118H).

13C NMR (126 MHz, Chloroform-d) 8 [174.9, 174.8], 173.7, 74.0, 68.4, 63.4, [51.7, 51.6], [41.3, 41.2,
41.0], [35.9, 35.1, 34.9, 34.0], 28.8, 26.9, 24.7, 23.2, 14.0, 1.1, 0.9, 0.0.

IR (ATR): v = 2954, 1729, 1436, 1381, 1195, 1160, 1023, 802, 735, 702 cm"'.
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Mn - 8.1 kDa, D -1.59

Cl H

AN

m n-m

105 (1 h)
Hydrogenated PVC (105 (1 h))
According to the general procedure E for 1 h, the product was obtained as an off-white solid (97.0 mg,
4.8% dehalogenation).
'"H NMR (500 MHz, Pyridine-d5) & 4.96 — 4.23 (m, 1H), 2.67 — 1.67 (m, 2.19H), 1.53 — 1.17 (m,
0.13H), 0.60 — 0.47 (m, 0.10H).
IR (ATR): v = 2908, 1425, 1328, 1257, 1091, 1018, 958, 801, 680, 607 cm™.
Mn - 104.0 kDa, D - 1.65

cl H

AN

m n-m

105 (3 h)
Hydrogenated PVC (105 (3 h))
According to the general procedure E for 3 h, the product was obtained as an off-white solid (91.4 mg,
8.7% dehalogenation).
'H NMR (500 MHz, Pyridine-d5) 8 4.90 — 3.97 (m, 1H), 2.67 — 1.54 (m, 3.31H), 1.49 — 1.19 (m,
0.19H), 0.59 — 0.48 (m, 0.19H).
IR (ATR): v = 2908, 1426, 1328, 1257, 1090, 1015, 959, 802, 681, 609 cm™.
Mn - 101.0 kDa, B - 1.62

cl H

AN

m n-m

105 (12 h)

Hydrogenated PVC (105 (12 h))

According to the general procedure E for 12 h, the product was obtained as an off-white solid (89.3 mg,
10.7% dehalogenation).

'H NMR (500 MHz, Pyridine-d5) § 4.79 — 4.02 (m, 1H), 2.64 — 1.56 (m, 4.34H), 1.51 — 1.20 (m,
0.46H), 0.54 (m, 0.24H).

13C NMR (126 MHz, Pyridine-d5) 8 61.6, 59.2, 58.9, 57.9, 47.3, 46.3, 38.6,27.1, 24.1, 1.8.

IR (ATR): v =2907, 1432, 1325, 1259, 1092, 1018, 955, 802, 679, 607 cm™.

Mn -99.3 kDa, D - 1.63

0] O\|<
ﬁ\»ﬁ
106
Poly(tert-butyl acrylate) grafted PVC (106)
According to the general procedure F for 1 h, the product was obtained as an off-white solid (113.5 mg,

13.0% grafting ratio).
'H NMR (500 MHz, Pyridine-d5) 8 4.96 — 4.54 (m, 1H), 2.84 — 2.65 (m, 0.13H), 2.61 — 1.80 (m,
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2.05H), 1.79 — 1.43 (m, 1.38H), 0.57 — 0.51 (m, 0.05H).
13C NMR (126 MHz, Pyridine-d5) § 174.4, 58.8, 57.8, 56.8, 47.2, 46.4, 28.5, 1.8.
IR (ATR): v = 2931, 1723, 1426, 1392, 1255, 1146, 1098, 844, 685, 609 cm".
Mn -116.2kDa, P - 1.74

107
Poly(N-phenyl acrylamide) grafted PVC (107)

According to the general procedure F for 1 h, the product was obtained as an off-white solid (115.2 mg,
8.0% grafting ratio).

'H NMR (500 MHz, Pyridine-d5) & 8.09 — 7.70 (m, 0.13H), 7.43 — 7.32 (m, 0.09H), 7.17 — 6.98 (m,
0.11H),4.96 — 4.49 (m, 1H),3.20 — 2.89 (m, 0.08H),2.66 — 1.96 (m, 1.81H), 0.61 — 0.42 (m, 0.05H).
13C NMR (126 MHz, Pyridine-d5) § 136.2, 129.4, 124.2, 121.4, 58.8, 57.8, 56.9, 47.2, 46.3.

IR (ATR): v = 2910, 1665, 1599, 1533, 1499, 1254, 962, 753, 691, 610 cm™.

Mn - 116.1 kDa, D - 1.51

0O~
o (A

m n-m

108 (0.5 h)
Poly(ethyl acrylate) grafted PVC (108 (0.5 h))
According to the general procedure F for 0.5 h, the product was obtained as an off-white solid (104.8 mg,
4.8% grafting ratio).
'H NMR (500 MHz, Pyridine-d5) § 4.94 —4.50 (m, 1H), 4.38 —4.12 (m, 0.10H), 2.91 — 2.71 (m, 0.05H),
2.68 —1.73 (m, 2.04H), 1.48 — 1.12 (m, 0.21H).
IR (ATR): v = 2909, 1728, 1425, 1328, 1252, 1176, 1095, 960, 688, 608 cm.
Mn - 109.0 kDa, P - 1.63

m n-m

108 (1 h)
Poly(ethyl acrylate) grafted PVC (108 (1 h))
According to the general procedure F for 1 h, the product was obtained as an off-white solid (106.3 mg,
9.9% grafting ratio).
'TH NMR (500 MHz, Pyridine-d5) § 4.94 —4.51 (m, 1H), 4.33 —4.19 (m, 0.22H), 2.87 — 2.75 (m, 0.10H),
2.62-1.71 (m, 2.12H), 1.48 — 1.09 (m, 0.41H), 0.58 — 0.50 (m, 0.01H).
IR (ATR): v = 2909, 1726, 1426, 1328, 1243, 1159, 1094, 958, 680, 608 cm™.
Mn - 113.7kDa, D - 1.71
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m n-m

108 (1.5 h)
Poly(ethyl acrylate) grafted PVC (108 (1.5 h))
According to the general procedure F for 1.5 h, the product was obtained as an off-white solid (108.7 mg,
13.4% grafting ratio).
'H NMR (500 MHz, Pyridine-d5) & 4.96 —4.48 (m, 1H), 4.37 — 4.08 (m, 0.31H), 2.92 - 2.72 (m, 0.13H),
2.63 - 1.68 (m, 2.23H), 1.46 — 1.11 (m, 0.55H), 0.54 (m, 0.01H).
IR (ATR): v = 2906, 1724, 1426, 1326, 1254, 1158, 1092, 961, 682, 611 cm’".
Mn - 118.0 kDa, D - 1.63

m n-m

108 (2 h)
Poly(ethyl acrylate) grafted PVC (108 (2 h))
According to the general procedure F for 2 h, the product was obtained as an off-white solid (111.9 mg,
16.2% grafting ratio).
'H NMR (500 MHz, Pyridine-d5) & 4.94 —4.50 (m, 1H), 4.37 —4.07 (m, 0.39H), 2.96 — 2.69 (m, 0.17H),
2.62 —1.68 (m, 2.47H), 1.45 — 1.07 (m, 0.62H), 0.60 — 0.50 (m, 0.02H).
IR (ATR): v = 2908, 1726, 1427, 1330, 1253, 1159, 1096, 961, 682, 608 cm™.
Mn - 120.2 kDa, D - 1.66

m n-m

108 (2.5 h)
Poly(ethyl acrylate) grafted PVC (108 (2.5 h))
According to the general procedure F for 2.5 h, the product was obtained as an off-white solid (115.5 mg,
18.6% grafting ratio).
'"H NMR (500 MHz, Pyridine-d5) § 4.97 — 4.49 (m, 1H), 4.39 —4.03 (m, 0.46H), 3.01 — 2.64 (m, 0.19H),
2.62 —1.65 (m, 2.33H), 1.45 — 1.04 (m, 0.78H), 0.59 — 0.39 (m, 0.01H).
IR (ATR): v = 2909, 1725, 1427, 1328, 1253, 1158, 1095, 963, 682, 610 cm™..
Mn - 127.7kDa, D - 1.60

O, NG
Cl ( A

m n-m

108 (3 h)
Poly(ethyl acrylate) grafted PVC (108 (3 h))
According to the general procedure F for 3 h, the product was obtained as an off-white solid (120.6 mg,
21.8% grafting ratio).
'"H NMR (500 MHz, Pyridine-d5) § 4.93 —4.51 (m, 1H), 4.41 —4.08 (m, 0.56H), 2.93 — 2.68 (m, 0.22H),
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2.64 — 1.68 (m, 2.60H), 1.45 — 1.11 (m, 0.90H), 0.59 — 0.45 (m, 0.01H).

13C NMR (126 MHz, Pyridine-d5) § 175.2, 61.2, 58.8, 57.8, 56.9, 47.2, 46.3, 42.4, 14.7.
IR (ATR): v = 2906, 1725, 1427, 1329, 1254, 1157, 1095, 963, 630, 609 cm’".

Mn - 136.0 kDa, P - 1.70

109

Poly(ethyl methacrylate) grafted PVC (109)

According to the general procedure F for 1 h, the product was obtained as an off-white solid (120.4 mg,
16.5% grafting ratio).

'H NMR (500 MHz, Pyridine-d5) § 4.98 — 4.48 (m, 1H), 4.41 — 4.09 (m, 0.40H), 2.66 — 2.04 (m,
1.35H), 1.63 — 1.12 (m, 1.31H), 0.66 — 0.46 (m, 0.02H).

13C NMR (126 MHz, Pyridine-d5) 5 178.1, 61.4, 58.8, 57.8, 56.8, 47.2, 46.0, 17.8, 14.3.

IR (ATR): v = 2906, 1721, 1428, 1386, 1258, 1144, 1023, 963, 678, 611 cm’".

Mn - 130.3 kDa, D - 1.78

0O~
o (A

m n-m

110

Poly(ethyl acrylate) grafted PVC (110)

According to the general procedure F for 0.5 h, the PVC substrate comes from shredded wire casing,
packaging bags, and piping, the product was obtained as an off-white solid (105.2 mg, 4.3% grafting
ratio).

'H NMR (500 MHz, Pyridine-d5) 6 4.95 — 4.50 (m, 1H), 4.32 — 4.21 (m, 0.09H), 2.85 — 2.75 (m,
0.05H), 2.64 — 1.97 (m, 1.80H), 1.51 — 1.02 (m, 0.31H), 0.64 — 0.48 (m, 0.01H).

13C NMR (126 MHz, Pyridine-d5) 3 175.2, 61.2, 58.8, 57.8, 56.9,47.2,46.3,42.3, 14.7.

IR (ATR): v =2907, 1728, 1425, 1329, 1254, 1094, 1022, 962, 679, 609 cm".
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6. Transformation of Products

6.1 Gram-scale reaction

(o] (0]

o) ~_-OPh
cl
t.A1 (5.0 mol%), cat.B (2.5 mol?
thNJJ\( . or ca (5.0 mol%), cat.B (2.5 mol Q PhHNJS(\/\OPh PhHNW
" N MTBE/HFIP = 3/2, 370 nm LEDs, Me Cl Me ClI
e CI¥ 7y Nz, 12h, rt. 17,70%,1.11 g 21, 60%, 1.05g

Supplementary Figure 2. Gram-scale reaction

In an N»-filled glove-box, an oven-dried flask (48 mL) equipped with a magnetic stir bar was
charged with cat.A1 (276 mg, 0.15 mmol, 3.0 mol%), cat.B (27.6 mg, 0.075 mmol, 1.5 mol%),
alkene 1 (806 mg, 5.0 mmol, 1.0 equiv.), 2-phenoxyethyl chloride (2.1 mL, 15 mmol, 3 equiv.),
MTBE (18 mL) and HFIP (12 mL). Then the flask was sealed, removed from the glove-box and was
irradiated under 370 nm LEDs (40 W x 2) for 12 h at 25 °C with vigorous stirring. When the reaction
was completed, the mixture was then concentrated in vacuo. The crude product was purified by
flash column chromatography on silica gel with petroleum ether and ethyl acetate as eluent to afford
17 (1.11 g, 70%).

In an N»-filled glove-box, an oven-dried flask (48 mL) equipped with a magnetic stir bar was
charged with cat.A1 (276 mg, 0.15 mmol, 3.0 mol%), cat.B (27.6 mg, 0.075 mmol, 1.5 mol%),
alkene 1 (806 mg, 5.0 mmol, 1.0 equiv.), 11-chloro-1-undecene (2.85 mL, 15 mmol, 3 equiv.),
MTBE (18 mL) and HFIP (12 mL). Then the flask was sealed, removed from the glove-box and was
irradiated under 370 nm LEDs (40 W x 2) for 12 h at 25 °C with vigorous stirring. When the reaction
was completed, the mixture was then concentrated in vacuo. The crude product was purified by
flash column chromatography on silica gel with petroleum ether and ethyl acetate as eluent to afford
21 (1.05g, 60%).

6.2 Activation of C(sp*)-Cl bond vs. C(sp?)-Cl bond

cat.A1 (5 mol%),
cat.A1 (5 mol%), cat.B (5 mol%), Q

cl
o cat.B (2.5 mol%), Q MgSO, (3 equiv.)
o MTBE/HFIP, 370 nm, 4 h 4. _Cl_DMSO/EA, 370 nm, 24 b, PhHN
PhHN -« —————1a + NN —— ————— mé ci e
A Condition A Condition B -~
€ o C(sp?)-Cl activition cl C(sp?)-Cl activition o 3
73,70% (74 n.d.) 72 74,67% (73 n.d.)

In an N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.Al (9.2 mg, 5.0 mol%), cat.B (0.9 mg, 2.5 mol%), 1 (16.2 mg, 0.1 mmol, 1.0 equiv.) and
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72 (69.9 mg, 0.3 mmol, 3 equiv.). Then, MTBE (0.6 mL) and HFIP (0.4 mL) were added into the
vial. The vial was sealed, removed from the glove-box and was irradiated under 370 nm LEDs (40
W x 2) for 4 h at room temperature with vigorous stirring. After completion of the reaction, the
solvent was removed under vacuum and purified by flash column chromatography on silica gel with
petroleum ether and ethyl acetate as eluent to afford the desired 73 (27.4 mg, 70%).

|

o C
S

PhHN 8

Me CI 0

5-chloro-5-methyl-6-0x0-6-(phenylamino)hexyl 4-chlorobenzoate (73) (colorless oil)

'H NMR (500 MHz, Chloroform-d)  8.61 (s, 1H), 8.01 —7.90 (m, 2H), 7.53 (d, J = 7.9 Hz, 2H), 7.42 —
7.31 (m, 4H), 7.22 — 7.12 (m, 1H), 4.40 — 4.26 (m, 2H), 2.40 — 2.28 (m, 1H), 2.03 — 1.92 (m, 1H), 1.87
(d,J=1.6 Hz, 3H), 1.84 — 1.77 (m, 2H), 1.76 — 1.68 (m, 1H), 1.60 — 1.48 (m, 1H).

13C NMR (126 MHz, Chloroform-d) § 169.4, 165.7, 139.3, 136.9, 130.9, 129.1, 128.7, 128.6, 125.1,
120.0, 74.5, 64.6, 42.4, 30.1, 28.3, 21.6.

IR (ATR): v = 3401, 2954, 1719, 1680, 1597, 1529, 1273, 1015, 758, 691 cm™'.

HRMS (ESI) calcd. for C20H2,CI,NOs [M+H]": 394.0971, found: 394.0969.

In an N,-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.Al (9.2 mg, 5.0 mol%), cat.B (1.8 mg, 5.0 mol%), 1 (16.2 mg, 0.1 mmol, 1.0 equiv.), 72
(46.6 mg, 0.2 mmol, 2 equiv.) and MgSO4 (36 mg, 0.3 mmol, 3.0 equiv.). Then, DMSO (0.5 mL)
and EA (0.5 mL) were added into the vial. The vial was sealed, removed from the glove-box and
was irradiated under 370 nm LEDs (40 W x 2) for 24 h at room temperature with vigorous stirring.
After completion of the reaction, the solvent was removed under vacuum and was purified by flash
column chromatography on silica gel with petroleum ether and ethyl acetate as eluent to afford 74

(26.3 mg, 67%).
(o]

Me ClI (o) Cl
A

0
3-chloropropyl 4-(2-chloro-2-methyl-3-0xo0-3-(phenylamino)propyl)benzoate (74) (colorless oil)

'H NMR (500 MHz, Chloroform-d) § 8.31 (s, 1H), 7.94 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 7.9 Hz, 2H),
7.38 - 7.30 (m, 4H), 7.20 — 7.11 (m, 1H), 4.45 (t, J = 6.0 Hz, 2H), 3.70 — 3.62 (m, 3H), 3.20 (d, /= 13.9
Hz, 1H), 2.27 - 2.15 (m, 2H), 1.95 (s, 3H).

13C NMR (126 MHz, Chloroform-d) § 168.6, 166.2, 140.8, 136.7, 130.8, 129.3, 129.0, 125.2, 120.3,
73.8,61.6,48.0,41.2, 31.7, 30.2.

IR (ATR): v = 3394, 2966, 1718, 1680, 1529, 1443, 1275, 1111, 750, 692 cm’".

HRMS (ESI) caled. for CooHy»CLNOs [M+H]™: 394.0971, found: 394.0970.

6.3 Downstream transformations

o} o o
m-CPBA, DCM
PhHN X > PhHN 9
mé o ° rt, 12 h Me Cl
21 77, 91%

Following the literature procedures®, an oven-dried vial (8 mL) equipped with a magnetic stir bar

was charged with 21 (35.0 mg, 0.1 mmol, 1.0 equiv.) and m-CPBA (34.5 mg, 0.2 mmol, 2 equiv.).

Anhydrous DCM (1.0 mL) was added. The mixture was then stirred at r.t. for 12 h. The crude
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product was purified by flash column chromatography on silica gel with petroleum ether and ethyl
acetate as eluent to afford 77 (33.3 mg, 91%).

o

o
PhHN

mé ¢ 9
2-chloro-2-methyl-12-(oxiran-2-yl)-N-phenyldodecanamide (77) (colorless oil)
'H NMR (500 MHz, Chloroform-d) § 8.61 (s, 1H), 7.59 — 7.51 (m, 2H), 7.38 — 7.31 (m, 2H), 7.21 - 7.10
(m, 1H), 2.95 - 2.83 (m, 1H), 2.73 (dd, J=5.1, 4.0 Hz, 1H), 2.45 (dd, J=5.0, 2.7 Hz, 1H), 2.22 (ddd, J
=14.1,11.9,4.2 Hz, 1H), 1.89 (ddd, J=14.2, 11.8, 4.3 Hz, 1H), 1.84 (s, 3H), 1.60 — 1.35 (m, 6H), 1.33
—1.23 (m, 12H).
13C NMR (126 MHz, Chloroform-d) 8§ 169.6, 137.1, 129.0, 124.9, 120.0, 74.9, 52.4, 47.1, 43.0, 32.4,
29.9,29.4,29.4,29.4,29.4,29.3,29.2,25.9,2409.
IR (ATR): v = 3350, 2924, 1681, 1598, 1528, 1441, 1315, 753, 692, 508 cm™'.
HRMS (ESI) calcd. for C2H33CINO, [M+H]*: 366.2194, found: 366.2191.

MeO,C
2 9 CO,M
4CzIPN, |5, DMF 2Me
PhHN X PhHN R
Me CI o Dimethyl malonate, 440 nm, 12 h Me CI
21 78,67%

Following the literature procedures'®, an oven-dried vial (8 mL) was charged with a magnetic stir
bar and photocatalyst (4CzIPN, 1.6 mg, 2 mol%). 21 (35.0 mg, 0.1 mmol, 1 eq), dimethyl malonate
(23 uL, 0.2 mmol, 2 equiv.), I (1.3 mg, 5 mol%), and anhydrous DMF (1 mL) were added to the
vial in air. The resulting mixture was then irradiated with 440 nm KESSIL blue LEDs under O,
atmosphere. After 12 h, the crude product was purified by flash column chromatography on silica
gel with petroleum ether and ethyl acetate as eluent to afford 78 (32.2 mg, 67%).

MeO,C

o)
Cco,Me

PhHN
Me ClI 9

Dimethyl-2-(11-chloro-11-methyl-12-o0x0-12-(phenylamino)dodecyl)cyclopropane-1,1-
dicarboxylate (78) (colorless oil)

'"H NMR (500 MHz, Chloroform-d) § 8.60 (s, 1H), 7.61 — 7.49 (m, 2H), 7.39 — 7.30 (m, 2H), 7.20 — 7.07
(m, 1H), 3.74 (s, 3H), 3.71 (s, 3H), 2.21 (ddd, J = 14.0, 11.9, 4.1 Hz, 1H), 1.93 — 1.86 (m, 2H), 1.84 (s,
3H), 1.58 — 1.51 (m, 1H), 1.45 — 1.34 (m, 6H), 1.32 — 1.21 (m, 12H), 1.18 — 1.08 (m, 1H).

13C NMR (126 MHz, Chloroform-d) § 170.9, 169.6, 168.7, 137.1, 129.0, 124.9, 120.0, 74.9, 52.5, 52.4,
43.0,33.9,29.9,29.4,29.4,29.3,29.2,28.8, 28.8, 28.6, 24.9, 21 .4.

IR (ATR): v = 3364, 2927, 2855, 1727, 1684, 1530, 1440, 1276, 751, 693 cm"'.

HRMS (ESI) calcd. for C26H39CINOs [M+H]*: 480.2511, found: 480.2506.

0 o OPh
Cs,CO3, THF P
PhHN OPh > PhHN

PH CI 40°C, 12 h Ph
61 79, 94% (Z/E >20:1)

Following the literature procedures®!, an oven-dried vial (8 mL) was charged with a magnetic stir
bar and 61 (19.0 mg, 0.05 mmol, 1 eq), Cs2CO3 (32.6 mg, 0.1 mmol, 2 equiv.) and anhydrous THF
(1 mL) were added to the vial. The resulting mixture was stirred at 40 °C for 12 h. The crude product
was purified by flash column chromatography on silica gel with petroleum ether and ethyl acetate
as eluent to afford 79 (16.1 mg, 94%, Z/E >20:1).

(0] OPh
PhHN 7

Ph
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(Z)-5-phenoxy-N,2-diphenylpent-2-enamide (79) (white solid, m.p. 86.0-88.3 °C)

H NMR (500 MHz, Chloroform-d) & 8.25 (s, 1H), 7.66 — 7.59 (m, 2H), 7.53 — 7.47 (m, 2H), 7.39 — 7.28
(m, 7H), 7.17 — 7.10 (m, 1H), 7.00 (t, J = 7.4 Hz, 1H), 6.98 — 6.92 (m, 2H), 6.23 (t, J = 8.1 Hz, 1H), 4.22
(t,J = 5.8 Hz, 2H), 2.96 (dt, J = 7.9, 5.8 Hz, 2H).

13C NMR (126 MHz, Chloroform-d) § 166.6, 158.4, 140.8, 137.8, 137.3, 130.0, 129.7, 129.1, 128.7,
128.2,127.0, 124.5,121.4, 119.8, 114.6, 67.2, 30.2.

IR (ATR): v = 3284, 3027, 1659, 1598, 1532, 1440, 1243, 1037, 751, 691 cm™".

HRMS (ESI) calcd. for Co3H2NO, [M+H]™: 344.1645, found: 344.1639.

0 o)
JW CuTe, Cs,CO4 JW
PhHN OPh > PhHN OPh
PH CI NMe,SCF3, EA, rt., 24 h PH SCF,4

61 80, 70%

Following the literature procedures'?, an oven-dried vial (8 mL) was charged with a magnetic stir
bar and 61 (19.0 mg, 0.05 mmol, 1 equiv.), (MesN)SCF3 (13.1 mg, 0.075 mmol, 1.5 equiv.), CuTc
(1.43 mg, 0.0075 mmol, 15 mol%), Cs,CO3 (32.6 mg, 0.10 mmol, 2.0 equiv.), and EA (1.0 mL).
Then the reaction mixture was stirred at r.t. for 24 h. The crude product was purified by flash column
chromatography on silica gel with petroleum ether and ethyl acetate as eluent to afford 80 (15.7 mg,
70%).

0]

PhHNJ)(\/\OPh

PH SCF,
5-phenoxy-N,2-diphenyl-2-((trifluoromethyl)thio)pentanamide (80) (colorless oil)
'H NMR (500 MHz, Chloroform-d) & 7.59 — 7.47 (m, 3H), 7.45 — 7.36 (m, 5H), 7.35 — 7.29 (m, 2H),
7.29 —7.23 (m, 2H), 7.14 (t, J = 7.4 Hz, 1H), 6.93 (t, J = 7.4 Hz, 1H), 6.85 (d, J = 8.1 Hz, 2H), 4.08 —
3.93 (m, 2H), 2.89 — 2.73 (m, 1H), 2.69 — 2.57 (m, 1H), 2.06 — 1.86 (m, 2H).
YF NMR (376 MHz, Chloroform-d) § -37.06.
13C NMR (126 MHz, Chloroform-d) 8 169.1, 158.7, 138.0, 137.0, 129.6 (q,J = 309.7 Hz), 129.4, 129.1,
129.1, 128.9, 127.0, 125.0, 120.7, 120.2, 114.4, 67.1, 66.3, 34.6, 25.0.
IR (ATR): v = 3318, 2931, 1667, 1599, 1526, 1498, 1244, 1112, 751, 692 cm™".
HRMS (ESI) calcd. for C24H23F3NO2S [M+H]": 446.1396, found: 446.1388.

6.4 Formal synthesis of McN3716

o cat.A1 (5 mol%), o M
cat.B (2.5 mol%), - > : e

Me Cl > Me : MeO o

Meo)l\/ . 3%y MeO)H/\(\,EZ — 5 : oy 2

12 MTBE/HFIP, 370 nm, 4 h H H
83 84 85C(|34°/ 1 CPT-1 inhibitor : McN3716
s o ' '

According to the general procedure A, the crude product is purified by flash column chromatography

on silica gel with petroleum ether and ethyl acetate as eluent to afford 85 (0.1 mmol scale, 19.5 mg,
64%).

¢}
Meowzﬂe
Cl
methyl 2-chlorohexadecanoate (85) (colorless oil)
'H NMR (500 MHz, Chloroform-d) & 4.27 (dd, J = 7.9, 6.2 Hz, 1H), 3.78 (s, 3H), 2.09 — 1.96 (m, 1H),
1.97 — 1.85 (m, 1H), 1.50 — 1.36 (m, 2H), 1.34 — 1.23 (m, 22H), 0.88 (t, J= 6.8 Hz, 3H).
13C NMR (126 MHz, Chloroform-d) § 170.3, 57.3, 52.8, 34.9, 31.9, 29.7, 29.7, 29.6, 29.6, 29.5, 29.3,

29.3,28.8,26.0,22.7, 14.1.
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IR (ATR): v = 2923, 2853, 1748, 1465, 1437, 1276, 1195, 1167, 750, 722 cm™".
HRMS (ESI) calcd. for C17H34Cl10, [M+H]": 305.2242, found: 305.2224.

6.5 Synthesis of Prilocaine analogues

@\ 0 cat.A1 (5 mol%), @\ oL KGO @\

~ 4+ R cat.B 25mo|% "PrNH,, K,CO4 Jl\(\
”J\/ " MTBE/HFIP, 370 nm, 4h Jl\I/\ MeCN, 80 °C, 24 h

Me nPr
According to the general procedure A, the crude product is purified by flash column chromatography
on silica gel with petroleum ether and ethyl acetate as eluent to afford ATRA product.
An oven-dried vial (8 mL) was charged with a magnetic stir bar and ATRA product (0.1 mmol, 1
equiv.), "PrNH»(41 pL, 0.5 mmol, 5 equiv.), KoCO; (27.6 mg, 0.2 mmol, 2 equiv.) and anhydrous
MeCN (1 mL) was added to the vial. The resulting mixture was stirred at 80 °C for 24 h. The crude

product was purified by flash column chromatography on silica gel with petroleum ether and ethyl
acetate as eluent to afford product.

Frea

2-(propylamino)-/N-(o-tolyl)heptanamide (87) (colorless oil)

'H NMR (500 MHz, Chloroform-d) & 9.52 (s, 1H), 8.12 (d, J = 8.1 Hz, 1H), 7.22 (t, J = 7.8 Hz, 1H),
7.17 (d, J=17.5 Hz, 1H), 7.03 (t, J = 7.5 Hz, 1H), 3.23 — 3.12 (m, 1H), 2.71 — 2.56 (m, 2H), 2.28 (s,
3H), 1.92 — 1.80 (m, 1H), 1.69 — 1.49 (m, 4H), 1.48 — 1.38 (m, 2H), 1.37 — 1.28 (m, 4H), 0.96 (t, J
=7.4 Hz, 3H), 0.93 — 0.84 (m, 3H).

13C NMR (126 MHz, Chloroform-d) & 172.6, 136.0, 130.3, 127.3, 126.8, 124.1, 121.0, 64.0, 51.2, 33.9,
31.7,25.7,23.4,22.4,17.7,14.0, 11.7.

IR (ATR): v = 3304, 2956, 2927, 1680, 1587, 1522, 1454, 1250, 1046, 752 cm’!.

HRMS (ESI) calcd. for Ci7H20N20 [M+H]": 277.2274, found: 277.2266.

e

4-methyl-2-(propylamino)-/N-(o-tolyl)pentanamide (88) (colorless oil)

'H NMR (500 MHz, Chloroform-d) & 9.53 (s, 1H), 8.16 — 8.09 (m, 1H), 7.25 — 7.19 (m, 1H), 7.18 —
7.15 (m, 1H), 7.06 — 6.99 (m, 1H), 3.29 — 3.20 (m, 1H), 2.72 — 2.57 (m, 2H), 2.28 (s, 3H), 1.79 —
1.69 (m, 3H), 1.61 — 1.52 (m, 2H), 1.52 — 1.45 (m, 1H), 1.02 — 0.97 (m, 6H), 0.96 (t, /= 7.4 Hz, 3H).
13C NMR (126 MHz, Chloroform-d)  173.0, 136.1, 130.3, 127.3, 126.8, 124.1, 121.0, 62.4, 51.1, 43.1,
25.3,23.4,23.2,21.9,17.7, 11.7.

IR (ATR): v = 3303, 2957, 2929, 1680, 1587, 1522, 1454, 1137, 1047, 742 cm’".

HRMS (ESI) calcd. for Ci¢H2;N20 [M+H]*: 263.2118, found: 263.2099.

il
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4,4-dimethyl-2-(propylamino)-/V-(o-tolyl)pentanamide (89) (colorless oil)

'H NMR (500 MHz, Chloroform-d) § 9.60 (s, 1H), 8.17 (d, J = 8.2 Hz, 1H), 7.22 (t, J = 7.8 Hz, 1H),
7.16 (d, J=7.5 Hz, 1H), 7.02 (t, J= 7.5 Hz, 1H), 3.15 (dd, J = 8.5, 2.0 Hz, 1H), 2.71 — 2.62 (m, 1H),
2.63 —2.53 (m, 1H), 2.28 (s, 3H), 1.86 (dd, J = 14.5, 2.0 Hz, 1H), 1.57 — 1.51 (m, 3H), 1.37 — 1.30 (m,
1H), 1.03 (s, 9H), 0.95 (t, /= 7.4 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) & 173.7, 136.2, 130.2, 126.9, 126.9, 123.9, 120.7, 62.2, 51.1, 48.6,
31.1,29.9,23.6,17.7, 11.7.

IR (ATR): v = 3244, 2989, 1690, 1660, 1588, 1528, 1276, 1261, 764, 750 cm™'.

HRMS (ESI) calcd. for Ci7H29N,0 [M+H]": 277.2274, found: 277.2271.

0

npre
6,6,0-trifluoro-2-(propylamino)-/N-(o-tolyl)hexanamide (90) (colorless oil)
'H NMR (500 MHz, Chloroform-d) § 9.47 (s, 1H), 8.13 — 8.06 (m, 1H), 7.25 — 7.20 (m, 1H), 7.18 (d,
J=7.5Hz, 1H), 7.09 - 7.02 (m, 1H), 3.20 (t, /= 5.9 Hz, 1H), 2.74 — 2.57 (m, 2H), 2.28 (s, 3H), 2.20
— 2.07 (m, 2H), 1.97 - 1.86 (m, 1H), 1.82 — 1.67 (m, 3H), 1.63 — 1.48 (m, 3H), 0.97 (t, /= 7.4 Hz,
3H).
F NMR (471 MHz, CDCI3) § -66.22.
13C NMR (126 MHz, Chloroform-d) & 171.7, 135.8, 130.3, 127.4, 126.9 (q, J = 276.3 Hz), 126.9, 124.4,
121.1, 63.3, 51.1, 33.6 (q, /= 28.8 Hz), 32.9, 23.5, 18.6 (q, /= 3.1 Hz), 17.6, 11.6.
IR (ATR): v = 3294, 2960, 2932, 1678, 1587, 1521, 1455, 1253, 1135, 752 cm’".
HRMS (ESI) calcd. for Ci6H24F3N,0O [M+H]": 317.1835, found: 317.1830.
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7. Characterization of Polymer

7.1 Measurement of chlorine-transfer polymerization products

A series of measurements were carried out on the chlorine-transfer polymerization products. The

detailed data are shown in the Supplementary Table 18.

Supplementary Table 18. Data of chlorine-transfer polymerization products

Structure Polymer
COMe
/\/“(\/L}C o
fCl
CO;Me

92
I

A
COMe
93
Cl
COMe
94
== xel

cO,Me

z

Ph’o\/“‘)");cw *

CO;Me o
ms/\/\(\/j'}nu
COgzlMe

(pin)B’ Cl o

co.Me
HOLC il
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COMe
BocHN Mﬂ 100

CO;Me CO,E
TMS Cl

102

o} CO,Me

coMe O 2/
Clwof‘\ﬂ\/\g'nf‘\/\/oww‘ 104

1) GPC

Polymer samples were made by dissolving 2 mg of product in 1 mL of unstabilized THF while
stirring and heating at 40 °C. All samples were filtered through a 0.22 um nylon syringe filter. All

GPC traces were normalized to the same intensity.
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Supplementary Figure 3. GPC 0of 91 - 100

51

164

157

151

1.45

215

1.48

1.59



—097

— 102
=
[
c
CO,Me 2
™S xel =
o
(0]
N
97, M, - 4.1 kDa, D - 1.51 E
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Supplementary Figure 4. GPC of 97 and 102
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Supplementary Figure 5. GPC 0f 99, 103 and 104
7.2 Measurement of modified PVC
Supplementary Table 19. Data of modified PVC
Structure Polymer Dehalogenation ratio Grafting ratio Mn B Tg Tus
M PVC - - 106.1 kDa 1.63 84.7°C 288.2°C
Cl
105 (1 h) 4.8% - 104.0 kDa 165 726°C 288.4 °C
105 (3 h) 8.7% - 101.0 kDa 162 63.0°C 289.6°C
105 (12 h) 10.7% - 99.3 kDa 1.63 48,2 °C 295.0 °C
106 = 13.0% 116.2 kDa 1.74 80.5°C 2429 °C
107 - 8.0% 116.1 kDa 1.81 922°C 274.2°C
108 (0.5 h) - 4.8% 108.0 kDa 1.63 76.9°C 2847 °C
108 (1 h) - 8.9% 113.7 kDa 1.71 64.0 °C 288.0°C
O O
( 108 (1.5 h) - 13.4% 118.0 kDa 1.63 59.3°C 289.7 °C
cl
g 108 (2 h} - 16.2% 120.2 kDa 1.66 55.7 °C 291.8°C
meoomm 108 (2.5 h) - 18 6% 1277 kDa 1.60 52.0°C 294 4 5C
108 (3 h) - 21.8% 136.0 kDa 1.70 49.9°C 296.1°C
[e] I
Me, Q
cl ( A 109 - 16.5% 130.3 kDa 1.78 84.6°C 279.4 °C
m n-m
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A series of measurements were carried out on the PVC used and the modified PVC. The detailed
data are shown in Supplementary Table 19. Regarding the thermal properties, we found that
hydrogenation of PVC significantly lowers its Tg, which may facilitate processing. In contrast, the
effect of graft modification depends on the nature of the grafted monomer: acrylate-based grafting
also reduces the Tg of PVC, whereas acrylamide-based modification increases it. Furthermore, the
polymer dispersities (P) remained similar to that of pristine PVC, indicating that no significant
chain-scission side reactions occurred during the modification process.

1) Calculation of dehalogenation ratios and grafting ratios
The ratio of dehalogenation was determined using the following equation:
Ap

dehalogenation ratio % = X 100% (Eq.1)
Agraﬂ + 2 X ACI + AH

The ratio of grafting was determined using the following equation:

Agraﬂ
grafting ratio % = x 100% (Eq.2)

Agrat + 2 X Agl + Ay

B Y

T T T T T T T T T

60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

Supplementary Figure 6. "H NMR spectra showing highlighted regions for ratio calculations

2) GPC Chromatograms
Polymer samples were made by dissolving 2 mg of solid in 1 mL of unstabilized THF with stirring
and heating at 40 °C. All samples were filtered through a 0.22 pm nylon syringe filter. All GPC

traces were normalized to the same intensity.
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——105 (1 h)
——105 (3 h)
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Supplementary Figure 7. GPC of hydrogenated PVC
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——108 (1.5 h)
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Normalized RI Intensity

Retention Time (min)

Supplementary Figure 8. GPC of PVC of different grafting ratios

——PVC
—— 1086
—107
108 (1 h)
109

Normalized RI Intensity

Retention Time (min)

Supplementary Figure 9. GPC of PVC of different grafting groups

3) DSC and TGA Spectra
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Supplementary Figure 10. DSC and TGA Spectra of PVC
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Supplementary Figure 11. DSC and TGA Spectra of 105 (1 h)
100 ~
80
g
= 60
N =)
5
=
40 -
20
T T T T 0 T T T T T T T T
40 50 60 70 80 90 100 200 300 400 500 600

Temperature (°C) Temperature (°C)

Supplementary Figure 12. DSC and TGA Spectra of 105 (3 h)
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Supplementary Figure 13. DSC and TGA Spectra of 105 (12 h)
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Supplementary Figure 14. DSC and TGA Spectra of 106
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Supplementary Figure 15. DSC and TGA Spectra of 107
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Supplementary Figure 16. DSC and TGA Spectra of 108 (0.5 h)
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Supplementary Figure 17. DSC and TGA Spectra of 108 (1 h)
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Supplementary Figure 18. DSC and TGA Spectra of 108 (1.5 h)
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Supplementary Figure 19. DSC and TGA Spectra of 108 (2 h)
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Supplementary Figure 20. DSC and TGA Spectra of 108 (2.5 h)
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Supplementary Figure 21. DSC and TGA Spectra of 108 (3 h)
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Supplementary Figure 22. DSC and TGA Spectra of 109
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8. Mechanistic Studies

8.1 Radical trapping experiments

Q /\/OPh detected by HRMS |

1 75 (LALER S found: 278.2106
In an N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (0.9 mg, 0.0025 mmol, 2.5 mol%), 1 (0.1 mmol,
1.0 equiv.), TEMPO (46.6 mg, 0.3 mmol, 3.0 equiv.), and alkyl chloride 75 (0.3 mmol, 3 equiv.).
Then, MTBE (0.6 mL) and HFIP (0.4 mL) were added into the vial. The vial was sealed, removed
from the glove-box and was irradiated under 370 nm LEDs (40 W x 2) for 4 h at room temperature
with vigorous stirring. After the reaction finished, the reaction mixture was analyzed by GC-MS. 17

was not detected, and the TEMPO-trapped radical adduct was detected by HRMS.
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Supplementary Figure 23. The HRMS result for radical trapping with TEMPO (alkyl)

: CO,Me :
o : :

H o detected by HRMS |

PhHNJj\( /©/ _standard condition PhHN)S(\©\ NG Ci7H2sNOg (M+H)*
Me MeO,C TEMPO (3 equiv.) Me Ci COMe {/\'4 calcd.: 292.1907
)

39, n.d. found: 292.1898

In an N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (1.8 mg, 0.005 mmol, 5.0 mol%), 1 (0.1 mmol,
1.0 equiv.), the aryl chloride (0.2 mmol, 2 equiv.), TEMPO (46.6 mg, 0.3 mmol, 3.0 equiv.), and
MgSO4 (36 mg, 0.3 mmol, 3.0 equiv.). Then, DMSO (0.5 mL) and EA (0.5 mL) were added into the
vial. The vial was sealed, removed from the glove-box and was irradiated under 370 nm LEDs (40
W x 2) for 24 h at room temperature with vigorous stirring. After the reaction finished, the reaction
mixture was analyzed by GC-MS. 39 was not detected, and the TEMPO-trapped radical adduct was
detected by HRMS.
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Supplementary Figure 24. The HRMS result for radical trapping with TEMPO (aryl)
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8.2 Radical clock experiments

a o
PhHNJj\% + C~F standard condition PhHN

Me (VESRe!

1 6 7,66%
According to the general procedure A, in an N»-filled glove-box, an oven-dried vial (4 mL) equipped
with a magnetic stir bar was charged with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (0.9 mg,
0.0025 mmol, 2.5 mol%), 1 (0.1 mmol, 1.0 equiv.) and 6 (0.3 mmol, 3 equiv.). Then, MTBE (0.6
mL) and HFIP (0.4 mL) were added into the vial. The vial was sealed, removed from the glove-box
and was irradiated under 370 nm LEDs (40 W x 2) for 4 h at room temperature with vigorous stirring.
After completion of the reaction, the solvent was removed under vacuum and the resulting residue
was purified by flash column chromatography on silica gel with petroleum ether and ethyl acetate
as eluent to afford only 5-exo-trig cyclization product 7 (18.3 mg, 66%).

(o]
PhHN

Me CI
2-chloro-4-cyclopentyl-2-methyl-/N-phenylbutanamide (7, colorless oil)
'H NMR (500 MHz, Chloroform-d) 8 8.60 (s, 1H), 7.62 — 7.51 (m, 2H), 7.42 — 7.31 (m, 2H), 7.21 - 7.11
(m, 1H), 2.32 — 2.21 (m, 1H), 1.97 — 1.89 (m, 1H), 1.85 (s, 3H), 1.80 — 1.71 (m, 3H), 1.64 — 1.55 (m,
3H), 1.53 — 1.45 (m, 2H), 1.44 — 1.35 (m, 1H), 1.14 — 1.02 (m, 2H).
13C NMR (126 MHz, Chloroform-d) & 169.7, 137.2, 129.0, 124.9, 120.0, 75.0, 42.2, 39.8, 32.6, 32.5,
31.2,30.0,25.2,25.2.
IR: v=2921, 1671, 1502, 1370, 1124, 1056, 1052, 916, 829, 690 cm.
HRMS (ESI) calcd. for Ci6H23CINO [M+H]": 280.1463, found: 280.1455.

8.3 EPR experiments

= Experiment
——Simulation

347 348 349 350 351 352 353 354
magnetic field (mT)

Supplementary Figure 25. EPR spectrum of trapped "Bu radical by PBN. The continuous wave
X-band EPR spectrum was obtained at 9.8526 GHz

In an N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (0.9 mg, 0.0025 mmol, 2.5 mol%), 1 (0.1 mmol,
1.0 equiv.), 2 (31.2 pL, 0.3 mmol, 3 equiv.) and N-tert-butyl-a-phenylnitrone (PBN) (35 mg, 0.2
mmol, 2 equiv.). Then, MTBE (0.3 mL) and HFIP (0.2 mL) were added into the vial. The vial was
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sealed, removed from the glove-box and was irradiated under 370 nm LEDs (40 W x 2) for 1 h at
room temperature with vigorous stirring. After the reaction finished, the electron paramagnetic
resonance (EPR) analysis of the reaction mixture revealed a strong radical signal (Supplementary
Figure 25), which would be assigned to the PBN-trapped n-butyl radical according to the simulated
spectrum (fitting result: g = 2.006, Ax = 15.6 G, Au = 3.2 G).

——Cu" detected in the reaction system
—cu'atbbpyCl,

1
280 290 300 310 320 330 340 350 360 370 380
Magnetic Field (mT)

Supplementary Figure 26. EPR spectrum of Cu' species and 5. The continuous wave X-band
EPR spectra were obtained at 9.8545 GHz (Cu' detected in the reaction system) and 9.8526 GHz

3

What’s more, a Cu'" EPR signal was also detected in the above reaction system. To assign the EPR
signal of this Cu' species (g1 = 2.01, gy =2.32, 41 =20 G, 4; = 100 G), we synthesized 5 according
to reported procedures®. Its EPR spectrum in MTBE/HFIP mixed solvent (1.8 mg 5 in 0.3 mL MTBE
& 0.2 mL HFIP) exhibited close alignment with the signal observed in our catalytic system (gL =
2.01,g1=2.32,4,=25G, 4,=104 G).
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Supplementary Figure 27. 5 detected by HRMS in the model reaction
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Furthermore, HRMS analysis of the model reaction mixture confirmed the presence of 5, providing

additional verification.
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8.4 Cl transfer experiments

Bu

[ Me. Me
ZN MeO,C._Ns - MeO,C.__Cl
\C el . €07 N7 Co,Me MTBE/HFIP = 3/2 - 2
% U Mé Me 80°C, 8 h Meé Me
|
X
Bu 5 (8, 10 equiv.) 9, 52 % GC yield

In an N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with 5 (20.1 mg, 0.05 mmol, 1 equiv.) and 8 (109 pL, 0.5 mmol, 10 equiv.). Then, MTBE (0.6 mL)
and HFIP (0.4 mL) were added into the vial. The vial was stirred at 80 °C for 8 h. After the reaction
finished, the reaction mixture was analyzed by GC-MS and GC.
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Supplementary Figure 28. 9 detected by GC-MS

8.5 UV-vis absorption spectroscopic measurement

The UV-vis experiments were performed on F-7000 FL Spectrophotometer (Hitachi, Japan) with a
quartz cuvette (10 mm path length). All of the samples were measured in the mixed solvent of
MTBE/HFIP (3:2, degassed with a stream of N; for 1 h) with 100 uM concentration.
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Supplementary Figure 29. UV-vis spectroscopic absorption

8.6 The total reaction profile

In an N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (0.9 mg, 0.0025 mmol, 2.5 mol%), 1 (0.1 mmol,
1.0 equiv.), 2 (31.2 pL, 0.3 mmol, 3 equiv.) and dodecane (23 pL, 0.1 mmol, 1.0 equiv.). Then,
MTBE (0.6 mL) and HFIP (0.4 mL) were added into the vial. The vial was sealed, removed from
the glove-box and was irradiated under 370 nm LEDs (40 W x 2) at room temperature with vigorous
stirring. At 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115,
120, 240, 360 min, 20 pL the reaction mixture was carefully taken out by micro-syringe into 2.0 mL
vial. Then 1.0 mL EA was added into the vial. The reaction mixture was analyzed by GC after

filtration.
90

Reaction Profile

0 T T T T T T T
0 50 100 150 200 250 300 350 400

t (min)

Supplementary Figure 30. The total reaction profile
8.7 Kinetic experiments

Dependence of the reaction rate on concentration of [cat.Al + cat.B]

In an N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.A1 (3/4/5/6/7 mol%), cat.B (1.5/2/2.5/3/3.5 mol%), 1 (0.1 mmol, 1.0 equiv.), 2 (31.2 pL,
0.3 mmol, 3 equiv.) and dodecane (23 pL, 0.1 mmol, 1.0 equiv.). Then, MTBE (0.6 mL) and HFIP
(0.4 mL) were added into the vial. The vial was sealed, removed from the glove-box and was
irradiated under 370 nm LEDs (40 W x 2) at room temperature with vigorous stirring. At 0, 5, 10,
15, 20, 25, 30 min, 20 pL the reaction mixture was carefully taken out by micro-syringe into 2.0 mL
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vial. Then 1.0 mL EA was added into the vial. The reaction mixture was analyzed by GC.

0.75 Kinetic experiments: k—C[m] plot
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Supplementary Figure 31. Dependence of the reaction rate on concentration of [cat.A1 + cat.B]

Dependence of the reaction rate on concentration of 1

In an N,-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.Al (9.2 mg, 0.005 mmol), cat.B (0.9 mg, 0.0025 mmol), 1 (0.05/0.075/0.10/0.125/0.15
mmol), 2 (31.2 uL, 0.3 mmol) and dodecane (23 pL, 0.1 mmol, 1.0 equiv.). Then, MTBE (0.6 mL)
and HFIP (0.4 mL) were added into the vial. The vial was sealed, removed from the glove-box and
was irradiated under 370 nm LEDs (40 W x 2) at room temperature with vigorous stirring. At 0, 5,
10, 15, 20, 25, 30 min, 20 pL the reaction mixture was carefully taken out by micro-syringe into 2.0

mL vial. Then 1.0 mL EA was added into the vial. The reaction mixture was analyzed by GC.
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Supplementary Figure 32. Dependence of the reaction rate on concentration of 1

Dependence of the reaction rate on concentration of 2

In an N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.Al (9.2 mg, 0.005 mmol), cat.B (0.9 mg, 0.0025 mmol), 1 (16.1 mg, 0.10 mmol), 2
(0.1/0.2/0.3/0.4/0.5 mmol) and dodecane (23 pL, 0.1 mmol, 1.0 equiv.). Then, MTBE (0.6 mL) and
HFIP (0.4 mL) were added into the vial. The vial was sealed, removed from the glove-box and was
irradiated under 370 nm LEDs (40 W x 2) at room temperature with vigorous stirring. At 0, 5, 10,
15, 20, 25, 30 min, 20 pL the reaction mixture was carefully taken out by micro-syringe into 2.0 mL
vial. Then 1.0 mL EA was added into the vial. The reaction mixture was analyzed by GC.
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Supplementary Figure 33. Dependence of the reaction rate on concentration of 2

The plots of Kobs suggest a zero-order kinetic dependence in 1, and a first-order kinetic dependence
in [cat.A1 + cat.B] and 2. Kinetic studies excluded radical addition as the rate-determining step, but
either C—Cl bond activation or reformation may be possible.

8.8 Luminescence quenching experiment

The luminescence quenching experiment was performed using a F-7000 FL Spectrophotometer
(Hitachi, Japan). The experiments were carried out in 2 x 10 mol/L of cat.A1 in MTBE/HFIP at
25 °C. The excitation wavelength was 320 nm and the emission intensity was collected at 488 nm.
Luminescence quenching of cat.A1 was observed with both components. However, the detection of
isomerized product 1' during condition screening indicates energy transfer between cat.A1 and 1.
Thus, the primary reaction pathway remains initiated through single-electron reduction of 1-
chlorobutane (2).
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Supplementary Figure 34. Luminescence quenching experiment

8.9 Light on/off experiment

In an N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (0.9 mg, 0.0025 mmol, 2.5 mol%), 1 (16.1 mg,
0.1 mmol, 1.0 equiv.), 2 (31.2 pL, 0.3 mmol, 3 equiv.) and dodecane (23 pL, 0.1 mmol, 1.0 equiv.).
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Then, MTBE (0.6 mL) and HFIP (0.4 mL) were added into the vial. The vial was sealed, removed
from the glove-box and was irradiated under 370 nm LEDs (40 W X 2) at room temperature with
vigorous stirring. The process of photocatalytic reaction with and without light was monitored by

GC. It was found that the formation of 3 needed continuous irradiation of light.
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Supplementary Figure 35. Light on/off experiment
8.10 *'P NMR monitoring experiments

To verify the relay process between dinuclear and mononuclear copper catalysts, we performed
stepwise catalyst addition experiments. Initial irradiation of dinuclear catalyst cat.A1 with 2
generated multiple distinct 3'P NMR signals. Subsequent addition of mononuclear catalyst cat.B,
followed by stirring under both light and dark conditions, resulted in partial restoration of the
original cat.Al1 phosphine signature as quantified by signal integration. This observation
demonstrates that cat.B engages in a light-independent relay with the oxidized dinuclear species to
regenerate catalytically active cat.Al.
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Supplementary Figure 36. 3'P NMR monitoring experiments

The detailed operating steps are as follows (For >'P NMR testing, the reaction solution ( ~ 0.5 mL)
was drawn into an NMR tube inside a glovebox under N> atmosphere. A capillary tube containing
the internal standard solution—triphenylphosphine in deuterated chloroform (0.02 M)—was sealed
and placed inside the NMR tube. The NMR tube was then capped, and the rim of the cap was sealed
with laboratory film. Finally, the NMR tube was removed from the glovebox and the phosphorus
spectrum was monitored as soon as possible.):
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Vial 1 (i): In N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was
charged with cat.A1 (18.4 mg, 0.01 mmol, 1 equiv.), 2 (1.0 uL, 0.01 mmol, 1 equiv.). Then, MTBE
(0.6 mL) and HFIP (0.4 mL) were added into the vial. The vial was sealed, removed from the glove-
box and was irradiated under 370 nm LEDs (40 W x 2) at room temperature for 20 min with vigorous
stirring. 3'P NMR of the mixture was tested.

Vial 2 (ii): In N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was
charged with cat.A1 (18.4 mg, 0.01 mmol, 1 equiv.), 2 (1.0 uL, 0.01 mmol, 1 equiv.). Then, MTBE
(0.6 mL) and HFIP (0.4 mL) were added into the vial. The vial was sealed, removed from the glove-
box and was irradiated under 370 nm LEDs (40 W x 2) at room temperature for 20 min with vigorous
stirring. Subsequently, the vial was transferred back into the glovebox, where cat. B (3.7 mg, 0.01
mmol, 1 equiv.) was added. After sealing the vial, it was removed from the glovebox and stirred in
the dark for 10 min. 3'P NMR of the mixture was tested.

Vial 3 (iii): In N»-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was
charged with cat.A1 (18.4 mg, 0.01 mmol, 1 equiv.), 2 (1.0 uL, 0.01 mmol, 1 equiv.). Then, MTBE
(0.6 mL) and HFIP (0.4 mL) were added into the vial. The vial was sealed, removed from the glove-
box and was irradiated under 370 nm LEDs (40 W x 2) at room temperature for 20 min with vigorous
stirring. Subsequently, the vial was transferred back into the glovebox, where cat. B (3.7 mg, 0.01
mmol, 1 equiv.) was added. After sealing the vial, it was removed from the glovebox and was
irradiated under 370 nm LEDs (40 W x 2) at room temperature for 10 min with vigorous stirring.
3IP NMR of the mixture was tested.

8.11 Time-yield profiles and corresponding *'P NMR monitoring experiments.

Time-yield profiling of the model reaction revealed distinct catalytic behaviors: When only cat.A1
was employed, the reaction reached completion within 80 minutes but afforded 3 in diminished
yield ( ~ 30%) with substantial polymeric precipitate formation. In contrast, inclusion of cat.B
significantly enhanced the yield to 74% - consistent with our design rationale that accelerating the
C—Cl bond formation outcompetes polymerization side reactions. Complementary 'P NMR
monitoring further demonstrated sustained high concentrations of photoactivated cat.A1 throughout
the reaction when cat.B was present. Conversely, the cat.Al-only system exhibited multiple
phosphorous species. We attribute this degradation to radical interception by polymerization-
depleted alkenes, ultimately triggering deleterious side reactions including hydrogen atom
abstraction between alkyl radicals and oxidized copper species.

The detailed operating steps are as follows (For >'P NMR testing, the reaction solution ( ~ 0.5 mL)
was drawn into an NMR tube inside a glovebox under N> atmosphere. A capillary tube containing
the internal standard solution—triphenylphosphine in deuterated chloroform (0.01 M)—was sealed
and placed inside the NMR tube. The NMR tube was then capped, and the rim of the cap was sealed
with laboratory film. Finally, the NMR tube was removed from the glovebox and the phosphorus
spectrum was monitored as soon as possible.):

Vial 1: In Ny-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was
charged with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), 1 (16.1 mg, 0.1 mmol, 1.0 equiv.), 2 (31.2
pL, 0.3 mmol, 3 equiv.) and dodecane (23 pL, 0.1 mmol, 1.0 equiv.). Then, MTBE (0.6 mL) and
HFIP (0.4 mL) were added into the vial. The vial was sealed, removed from the glove-box and was
irradiated under 370 nm LEDs (40 W x 2) for 2 h at room temperature with vigorous stirring. At 5,
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10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120 min, 20
pL the reaction mixture was carefully taken out by micro-syringe into 2.0 mL vial. Then 1.0 mL EA
was added into the vial. The reaction mixture was analyzed by GC after filtration.

Vial 1’: In N,-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was
charged with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), 1 (16.1 mg, 0.1 mmol, 1.0 equiv.) and 2 (31.2
pL, 0.3 mmol, 3 equiv.). Then, MTBE (0.6 mL) and HFIP (0.4 mL) were added into the vial. The
vial was sealed, removed from the glove-box and was irradiated under 370 nm LEDs (40 W x 2) at
room temperature with vigorous stirring. At 1, 2 h, 3'P NMR of the mixture was tested.

Vial 2: In Ny-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was
charged with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (0.9 mg, 0.0025 mmol, 2.5 mol%), 1
(16.1 mg, 0.1 mmol, 1.0 equiv.), 2 (31.2 pL, 0.3 mmol, 3 equiv.) and dodecane (23 pL, 0.1 mmol,
1.0 equiv.). Then, MTBE (0.6 mL) and HFIP (0.4 mL) were added into the vial. The vial was sealed,
removed from the glove-box and was irradiated under 370 nm LEDs (40 W x 2) for 2 h at room
temperature with vigorous stirring. At 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 90, 95, 100, 105, 110, 115, 120 min, 20 pL the reaction mixture was carefully taken out by
micro-syringe into 2.0 mL vial. Then 1.0 mL EA was added into the vial. The reaction mixture was
analyzed by GC after filtration.

Vial 2°: In N,-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was
charged with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (0.9 mg, 0.0025 mmol, 2.5 mol%), 1
(16.1 mg, 0.1 mmol, 1.0 equiv.) and 2 (31.2 pL, 0.3 mmol, 3 equiv.). Then, MTBE (0.6 mL) and
HFIP (0.4 mL) were added into the vial. The vial was sealed, removed from the glove-box and was
irradiated under 370 nm LEDs (40 W x 2) at room temperature with vigorous stirring. At 1, 2 h, 3'P
NMR of the mixture was tested.
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Supplementary Figure 37. Time-yield profiles and corresponding *'P NMR monitoring

experiments

8.12 The issues of selectivity in ATRA reactions

e Chemoselectivity between activated and unactivated alkyl chlorides
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In N-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.Al (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (0.9 mg, 0.0025 mmol, 2.5 mol%), methyl 4-
methacrylamidobenzoate (21.9 mg, 0.1 mmol, 1.0 equiv.), 2 (21.7 puL, 0.2 mmol, 2.0 equiv.) and 3
(50.6 mg, 0.2 mmol, 2.0 equiv.). Then, MTBE (0.6 mL) and HFIP (0.4 mL) were added into the vial.
The vial was sealed, removed from the glove-box and was irradiated under 370 nm LEDs (40 W x
2) for 4 h at room temperature with vigorous stirring. After the reaction finished, the reaction
mixture was analyzed by GC-MS (3: 93% recovery by GC; 51: did not elute as a peak in GC, its
GC yield could not be calculated). The solvent was then removed under vacuum and the resulting
residue was purified by flash column chromatography on silica gel with petroleum ether and ethyl
acetate as eluent to afford ATRA product 51 in 52% isolated yield (16.3 mg), while compound 3
was recovered in 92% isolated yield (46.4 mg).

e Chemoselectivity between differently hindered unactivated alkyl chlorides
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Supplementary Figure 38. Competitive experiments with differently hindered chloroalkanes

In N-filled glove-box, an oven-dried vial (4 mL) equipped with a magnetic stir bar was charged
with cat.A1 (9.2 mg, 0.005 mmol, 5.0 mol%), cat.B (0.9 mg, 0.0025 mmol, 2.5 mol%),1 (16.1 mg,
0.1 mmol, 1.0 equiv.) 1-chlorooctane (34.0 puL, 0.2 mmol, 2.0 equiv.), 2-chloropropane (18.3 uL,
0.2 mmol, 2.0 equiv.), and tert-butyl chloride (21.8 puL, 0.2 mmol, 2.0 equiv.). Then, MTBE (0.6
mL) and HFIP (0.4 mL) were added into the vial. The vial was sealed, removed from the glove-box
and was irradiated under 370 nm LEDs (40 W x 2) for 4 h at room temperature with vigorous stirring.
After the reaction finished, the reaction mixture was analyzed by GC-MS.

Supplementary Table 20. Competitive Experiments with differently hindered chloroalkanes

Alkyl Chlorides BDE (kcal/mol) Tr (min) Peak area ratio

1-chlorooctane 84.5 12.184 161606 1.13
2-chloropropane 84.6 9.481 143439 1

tert-butyl chloride 84.1 9.847 181664 1.27

70



Subsequently, we added equimolar amounts of 1-chlorooctane, 2-chloropropane, and tert-butyl
chloride to the reaction, and found that the product yields were comparable. This further
demonstrates that our ATRA reaction is insensitive to the steric hindrance of chloroalkanes.

e Chemoselectivity with unactivated alkenes

cat.A1 (5 mol%),
cat.B (2.5 mol%
+ C|/\/OPh —>( ) )v(\/\OPh

MTBE/HFIP, 370 nm, 4 h Me CI

Me
Chemical Formula: C4Hgo0'! ' %(\/\OPh

Exact Mass: 204.15 Me CI
""""""""""""""""""""""" Chemical Formula: C14Hy;CIO
Exact Mass: 240.13

Supplementary Figure 39. ATRA reactions between alkyl chlorides and unactivated alkenes
We further investigated ATRA reactions between alkyl chlorides and unactivated alkenes. Given the
electronic incompatibility between nucleophilic alkyl radicals and electron-rich olefins, 2,3-
dimethylbut-1-ene was strategically selected as the radical acceptor to leverage the thermodynamic
stability of the tertiary radical intermediate. However, GC-MS analysis revealed multiple olefinic

isomers arising from elimination pathways coexisting with the desired product.
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9. DFT Studies

All density functional theory (DFT) calculations were performed using ORCA 5.0.3.13%4 All
geometry optimizations were conducted with the PBE functional®®, utilizing the D3 version of
Grimme’s dispersion correction®, The def2-TZVP'’ basis set was employed to describe the copper
atom, and all other atoms were described by the def2-SVP" basis set. To incorporate solvation
effects of methyl tert-butyl ether (MTBE) and 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP), the
Conductor-like Polarizable Continuum Model (CPCM)*1° was employed. Vibrational frequency
analyses were subsequently performed at the same level of theory to characterize the optimized
structures as local minima (zero imaginary frequencies) or transition states (one imaginary
frequency). Thermal corrections to the Gibbs free energies at 298.15 K were evaluated using the
Shermo 2.6.2%°. Low-frequency vibrational contributions to the entropy were treated using
Grimme’s entropy interpolation scheme. Intrinsic reaction coordinate (IRC) calculations?*?? were
performed to confirm the connectivity of each transition state structure to its corresponding reactant
and product minima. Critically, BSTS3 and BSTS3' both adopt broken-symmetry configurations, as
their respective Ty or Sy states exhibit higher energies than the broken-symmetry counterparts. These
broken-symmetry transition states represent energetically favored pathways.

Single-point energy calculations were carried out with the MO6L functional®® and the def2-TZVP
basis set!” on all atoms at the optimized geometries. These single-point calculations also
incorporated CPCM?*®% to account for solvent (MTBE/HFIP) effects and refine the electronic
energies. The reported Gibbs free energies were obtained by combining the solution-phase
electronic energies with the thermal corrections derived from frequency calculations performed at
the corresponding CPCM-solvated level. All thermodynamic quantities were evaluated at 298.15 K
and are reported in kcal mol™! using a standard state of 1 atm. All optimized molecular structures
and the inter-fragment interactions derived from the independent gradient model based on Hirshfeld
partition (IGMH) analyses were rendered using the VMD 1.9.3%4, IGMH analyses were computed
using Multiwfn 3.8 dev?. Steric maps were computed using SambVca 2.0%627,

The outer-sphere pathway was modeled as a concerted dissociative electron transfer (DET) from
the triplet excited dinuclear copper catalyst (3cat.A1%) to 1-chlorobutane, in which electron transfer
and C—Cl bond cleavage occur in a single elementary step. Following electron transfer to 1-
chlorobutane, C—Cl bond cleavage occurs, necessitating consideration of the bond dissociation free
energy (BDFE) at this site. The energy barrier of the outer-sphere SET (AG*)?2° can be estimated
by:

AG = AG+ A A, ACy,
42 4 A (S1)
A= J+ig+ D, ©)

where AGy is the Gibbs free energy change, 4 is total reorganization energy, comprising the internal
energy (4i), solvent external energy (o) and bond dissociation free energy (Dr). And the internal
reorganization energy 4; was estimated by the 4-point rule, according to Marcus theory:

2 =[E”(Q)+ E*(Q)I-[E”(Q) + E*(Qy)] (3)
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2o =[E” Q)+ E* (Qu)]-[E™ (Qp) + E* (Qp)] (s4)

Lt

2 (S3)
Here, Or and QOp denote the equilibrium geometries of the reactant-state (D*+A4) and electron-
transfer product-state (D*+A4") configurations, respectively. i is the energy required to distort the
reactant-state species from QOr to Op while retaining the D*+4 electronic configuration. In the
reverse construction, Ai is the energy required to distort the electron-transfer product-state species
from Opto Or while retaining the D™+A4" electronic configuration. The internal reorganization energy,
Ai, was taken as the average of these two contributions.

The external reorganization energy can be approximated as:

1 1 1,1 1
Iy =332+ =) (=)
ai 2 gop & (S6)

R=a +a, S7)
Here, ai and a; represent the effective radii of the electron donor and acceptor, respectively. R

denotes the center-to-center separation between the donor and acceptor; under the contact-sphere

approximation employed here, R was taken as a1+a». £op and & denote the optical and static dielectric

constants of the solvent medium, respectively. For the MTBE/HFIP solvent system used in this work,
gop=1.78 and £=9.90.
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Supplementary Figure 40. DFT calculation results. Free energy profiles (in kcal mol™) for the
C—Cl Dbond activation step, computed at the MO6L/def2-TZVP/CPCM(MTBE-
HFIP)//PBE(D3)/def2-SVP/def2-TZVP/CPCM(MTBE-HFIP) level of theory. a, Inner-sphere
electron transfer (ISET)-Enabled C—ClI Activation via Cl- Abstraction: Substrate vs Product Capture.
b, Outer-sphere electron transfer (OSET) pathway.

Building upon prior studies?>*%! and experimental evidence, computations were initiated from the
photoexcited state of the dinuclear copper catalyst (3cat.A1*), with primary focus on the C—Cl bond
activation step that commences the catalytic cycle. At this entry stage, we evaluated inner-sphere
electron transfer (ISET) versus outer-sphere electron transfer (OSET) scenarios. The OSET pathway
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is kinetically inaccessible, with a prohibitively high barrier (AG* = 41.4 kcal mol™"), thereby
supporting an ISET-enabled chlorine-atom abstraction (Cl abstraction/XAT) manifold for radical
generation. Within the ISET framework, we next examined two competing Cl--capture channels:
chlorine-atom abstraction from the substrate alkyl chloride via 3TS1 (AG* = 11.7 kcal mol™") versus
chlorine-atom back-abstraction from the product via 3TS1’ (AG* = 13.1 kcal mol™!) (Supplementary
Figure 40). Although the barrier difference is modest (AAG* = 1.4 kcal mol™), it establishes a clear
kinetic bias toward the substrate-derived pathway. Notably, despite the lower C—Cl bond
dissociation energy (BDE) of the product, the product-derived channel remains higher in energy
barrier.

Subsequent investigations focused on the chlorine-atom transfer step to elucidate the role of the
mononuclear copper catalyst (cat.B) within the tiered system. The Cl-bound binuclear Cu species
211, generated post C—Cl cleavage, transfers its chlorine atom to cat.B via a low-barrier transition
state 2TS2 (AG* = 3.6 kcal mol™), yielding the CI-Cu(Il) complex 25 while regenerating the
dinuclear catalyst cat.A1. The low barrier associated with *TS2 underscores the kinetic feasibility
and efficiency of the catalyst relay process between binuclear and mononuclear copper species. To
probe the final halogenation step, two distinct pathways for chlorine atom transfer to radical
intermediate 12 were evaluated: (i) via the mononuclear intermediate 25 (transition state BSTS3,
Supplementary Figure 41a), and (ii) via the binuclear intermediate 211 (transition state BSTS3’,
Supplementary Figure 41b). The mononuclear pathway proceeds with a barrier of AG* = 11.1 kcal
mol~!, whereas direct transfer from the binuclear species requires a substantially higher barrier (AG*
= 24.4 kcal mol™"). This energy difference (AAG* = 13.3 kcal mol™') supports the kinetic superiority
of the tiered copper relay system for halogen-atom transfer.
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Supplementary Figure 41. DFT calculations results. Free energy profiles (in kcal mol!) for the
chlorine-atom  transfer  step, computed at the MO6L/def2-TZVP/CPCM(MTBE-
HFIP)//PBE(D3)/def2-SVP/def2-TZVP/CPCM(MTBE-HFIP) level of theory. a, Chlorine atom
transfer via mononuclear copper catalyst (cat.B). b, Chlorine atom transfer without mononuclear

copper catalyst (cat.B).

As described in the distortion-interaction energy model*>%, the electronic energy barriers AE* can
be decomposed into the distortion energy AEqist and the interaction energy AEin (AE* = AEgist +
AFEi). First, we investigated the counterintuitive selectivity during the C—ClI bond activation step
by comparing transition states TS1 and 3TS1' (Supplementary Figure 42, 44). The photoexcited
dinuclear copper catalyst (3cat.A1*) was defined as Fragment 1 (Frag-1), and the corresponding
reactant—either substrate 2 (for *TS1) or product 3 (for 3TS1') was defined as Fragment 2 (Frag-
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2). The results demonstrate that the substrate-derived pathway (3TS1) exhibits a lower free-energy
barrier primarily because its distortion energy is significantly lower than that of the product-derived
pathway (*TS1') (AAE! 4isc = 9.6 kcal mol™). This substantial advantage in distortion energy dictates
the overall barrier trend, allowing 3TS1 to overcome its relative disadvantage in interaction energy
(AAE*, = -11.8 kcal mol™"). The pronounced geometric strain in the product-derived pathway arises
from the greater steric congestion between product 3 and the dinuclear copper catalyst. To attain the
transition-state geometry for C—Cl activation, the reacting fragments must therefore undergo more
extensive structural distortion than in the substrate-derived pathway (*TS1). The resulting increase
in distortion energy contributes to the higher free-energy barrier associated with *TS1'. Furthermore,
we applied the model to analyze the substantial difference in the barriers between the tiered copper
synergy catalytic pathway (BSTS3) and the single-catalyst pathway (BSTS3") (Supplementary Figure
43, 44). For transition states BSTS3 and BSTS3', the radical intermediate 12 was defined as Fragment
2, and the rest of the system as Fragment 1. The results, presented in Supplementary Table 21,
demonstrate that the difference in energy barriers between BSTS3 and BSTS3' is primarily attributed
to distortion energy. Specifically, the higher distortion energy of BSTS3' is associated with the larger
buried volume?®?” at its copper center, which reflects a more sterically congested reactive
environment. This congestion imposes greater geometric constraints on the reacting fragments,
requiring more extensive structural distortion to attain a geometry suitable for chlorine transfer to

radical intermediate 12.

Supplementary Table 21. Distortion-interaction analysis results for 3TS1, 3TS1', BSTS3 and
BSTS3' (energies in kcal mol™).

Transition State ~ AG* AE?* AE gist AEint
3TS1 11.70 -5.16 3.58 -8.74
’TS1 13.10 -7.38 13.15 -20.53
BSTS3 11.10 -6.80 7.10 -13.90
BSTS3' 24.40 4.99 25.43 -20.44
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Supplementary Figure 42. Distortion-interaction analyses comparing *TS1 and 3TS1', and
IGMH analysis of *TS1 and 3TS1".
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Supplementary Figure 43. Distortion-interaction analyses comparing BSTS3 and BSTS3', and
steric maps of BSTS3 and BSTS3'.
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Supplementary Figure 44. Optimized geometries in 2TS2, and definition of fragments in 3TS1,
3TS1', BSTS3 and BSTS3'.

To further elucidate how the tiered copper system enables switchable selectivity between ATRA and
ATRP, we compared two ATRA pathways and one ATRP pathway starting from the common radical
intermediate 12. After C—Cl bond cleavage mediated by the photoexcited dinuclear copper catalyst
3cat.A1* and subsequent radical addition, 12 emerges as the key branching intermediate that
determines the reaction outcome. In the presence of the mononuclear relay component cat.B, the
Cl-bound dinuclear copper species 211 first transfers its chlorine atom to cat.B through a low-barrier

relay process, generating the cat.B-derived CI-Cu(II) species 25. 12 then receives a chlorine atom

from 25 via BSTS3 to afford the ATRA product 3, with an activation barrier of only 11.1 kcal mol-'.
In contrast, direct chlorine-atom transfer from the dinuclear copper species 11 to 12 via BSTS3’

requires a much higher barrier of 24.4 kcal mol’!, indicating that the dinuclear copper species alone
is not an efficient terminal chlorine-atom donor.
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Importantly, in the absence of the cat.B-mediated mononuclear chlorine-transfer channel, the
reaction pathway of 12 is switched. Rather than undergoing direct chlorine-atom transfer from 211
to form the ATRA product, 12 preferentially adds to another molecule of alkene 1 through the ATRP-
type transition state 2TS-ATRP, with a barrier of 15.2 kcal mol !, which is substantially lower than
that of direct chlorine transfer from the dinuclear copper species. Thus, cat.B does not merely
enhance the overall efficiency of the transformation; instead, it provides a kinetically preferred Cl-
atom transfer channel that redirects 12 from ATRP chain propagation toward productive ATRA
termination.
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Supplementary Figure 45. DFT calculations results for switchable ATRA/ATRP selectivity.
Free energy profiles, in kcal mol™!, for the competing ATRA and ATRP pathways from the common
radical intermediate 12, computed at the MO6L/def2-TZVP/CPCM(MTBE-HFIP)//PBE(D3)/def2-
SVP/def2-TZVP/CPCM(MTBE-HFIP) level of theory. Pathway a, direct chlorine-atom transfer
from the Cl-bound dinuclear copper species 11 to 12 to afford the ATRA product 3. Pathway b,
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chlorine-atom transfer from the cat.B-derived CI-Cu(II) species 25 to 12 to afford the ATRA product
3. Pathway c, addition of 12 to another molecule of alkene 1 to enter the ATRP-type chain-growth
pathway.

These computational results reveal that the tiered copper catalytic system assigns C—CI bond
activation and C—CI bond reconstruction to distinct copper components: the dinuclear copper
catalyst enables efficient radical generation, whereas the mononuclear copper catalyst ensures rapid
and selective chlorine-atom return. By controlling the participation of cat.B, the fate of radical
intermediate 12 can therefore be switched between ATRA and ATRP-type pathways, enabling
switchable chlorine atom transfer reactivity. This mechanistic picture not only rationalizes the
experimentally observed selectivity divergence, but also provides theoretical support for the central
concept of "Switchable Chlorine Atom Transfer Reactions": programmable conversion of
unactivated organochlorides between small-molecule ATRA synthesis and polymer-forming ATRP-

type through catalyst-defined chlorine-atom transfer pathways.
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2. X-Ray Crystal Data

Compound cat.Al was crystallized as a colorless crystal via vaporization of a hexane/MTBE
solution by x-ray structure analysis. CCDC 2417650 contains the supplementary crystallographic

data that can be obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data request/cif.

C)CI:Z\P/CI\P/Eéy et
Cl--CuBAFF~
C)é;/P\/ P\E)Cl)y {
cat.A1 CCDC: 2417650
Supplementary Figure 46. X-Ray Crystal of cat.A1
Identification code CCDC 2417650
Empirical formula Cs2H104BCICu,F24P4
Formula weight 1842.87
Temperature/K 193.00
Crystal system triclinic
Space group P-1
alA 13.1975(7)
b/A 18.6722(11)
c/A 19.0732(9)
a/° 67.298(2)
p/° 83.819(2)
v/° 89.122(2)
Volume/A3 4309.0(4)
zZ 2
pcalcg/cm3 1.420
wmm-! 0.693
F(000) 1904.0
Crystal size/mm? 0.13 x0.12 x 0.11
Radiation MoKoa (A =0.71073)
20 range for data collection/° 3.67 to 55.094
Index ranges -14<h <17, -24 <k <23, -24 <I< 24
Reflections collected 40575
Independent reflections 19716 [Rint = 0.0786, Rsigma = 0.1282]
Data/restraints/parameters 19716/858/1271
Goodness-of-fit on F? 1.070
Final R indexes [I>=2c (I)] R1=10.0840, wR> = 0.1598
Final R indexes [all data] R1=0.1567, wR>=0.1972
Largest diff. peak/hole / e A 1.27/-0.67
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Compound cat.A2 was crystallized as a colorless crystal via vaporization of a hexane/MTBE
solution by x-ray structure analysis. CCDC 2417649 contains the supplementary crystallographic
data that can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

O
Cu--CuBArF
Cy—/P\/ R-Cy
Cy Cy
cat.A2 CCDC: 2417649
Supplementary Figure 47. X-Ray Crystal of cat.A2
Identification code CCDC 2417649
Empirical formula Cs2Hi04BBrCusF24Py
Formula weight 1887.33
Temperature/K 193.00
Crystal system triclinic
Space group P-1
alA 13.7702(11)
b/A 15.3477(12)
c/A 22.2981(18)
a/° 70.420(2)
pBre 80.559(3)
v/° 89.165(3)
Volume/A3 4375.7(6)
V4 2
pcalcg/cm® 1.432
wmm-! 3.958
F(000) 1940.0
Crystal size/mm? 0.13x0.12x 0.1
Radiation GaKoa (A =1.34139)
20 range for data collection/® 3.712 to 108.246
Index ranges -16<h<16,-18<k<18,-26<1<26
Reflections collected 64833
Independent reflections 15927 [Rint = 0.0501, Rsigma = 0.0453]
Data/restraints/parameters 15927/268/1190
Goodness-of-fit on F? 1.055
Final R indexes [[>=2c (I)] R1=10.0415, wR2=0.1011
Final R indexes [all data] R1=0.0589, wR>=0.1106
Largest diff. peak/hole / e A 0.56/-0.39
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Compound cat.A4 was crystallized as a colorless crystal via vaporization of a hexane/DCM solution
by x-ray structure analysis. CCDC 2489740 contains the supplementary crystallographic data that
can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

Cy\ P
Cy—P
| CL |

CCDC: 2489740

Supplementary Figure 48. X-Ray Crystal of cat.A4

Identification code 2489740
Empirical formula Cs2HosCisCusPy
Formula weight 1184.94
Temperature/K 223.00
Crystal system triclinic
Space group P-1
alA 10.7773(19)
b/A 12.977(3)
c/A 13.355(3)
a/° 115.123(7)
pBre 111.842(6)
v/° 94.835(7)
Volume/A3 1503.1(5)
V4 1
pcalcg/cm® 1.309
w/mm-1 1.113
F(000) 628.0

Crystal size/mm?

0.13x0.12x0.11

Radiation

MoKa (A =10.71073)

20 range for data collection/®

4.724 to 55.162

Index ranges

J13<h<13,-16<k<12,-15<1<17

Reflections collected 13865
Independent reflections 6838 [Rint = 0.0401, Rigma = 0.0581]
Data/restraints/parameters 6838/64/315
Goodness-of-fit on F? 1.020

Final R indexes [I>=2c (I)]

R =0.0427, wR, = 0.0943

Final R indexes [all data]

R;=0.0592, wR, = 0.1055

Largest diff. peak/hole / e A7

0.49/-0.53
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Supplementary Figure 61. 'H NMR (500 MHz, CDCls) spectrum for compound 17

141N
L0'0ZL

89°0Z1 A
00521~
mo.mmrw
6c°621

00°.€1

6.0

7.0

8.0

OPh
T

81°8G1 —

L€'691 —

PhHN
Me CI
17
T
10.0

11.0

10

20

30

50 40

60

70

|

80

100 90

110
f1 (ppm)
Supplementary Figure 62. *C NMR (126 MHz, CDCl;) spectrum for compound 17
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Supplementary Figure 72. '°F NMR (471 MHz, CDCI;) spectrum for compound 22
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Supplementary Figure 124. '"H NMR (500 MHz, CDCl;3) spectrum for compound 47
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Supplementary Figure 125. ’F NMR (471 MHz, CDCl;) spectrum for compound 47
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132

OPh

Cl
58

EtO
PhthN

!0 210 200 190 180 170 160 150 140 130 120 110 100 90



~
@
©
C

OPh

EtO

Cl

59

0¢
0'¢

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -

10.0

11.0

f1 (ppm)
Supplementary Figure 151. 'H NMR (500 MHz, CDCls) spectrum for compound 59

wr.vr
meN/
80'9¢
v1'9¢
L19¢
w@om\
8€'8¢
86°G¢E
6LV —

9029\
82297
SL'9L
0022
9z'227,
£0°08

e d
€90z~
8E°6Z1\

08'8G1 —

€8°0LL —

OPh

EtO

Cl

59

70 60 50 40 30 20 10

110 100 90 80

140 130 120

170 160 150

20 210 200 190 180

f1 (ppm)
Supplementary Figure 152. *C NMR (126 MHz, CDCls) spectrum for compound 59

133



TAl
€0V
S0'v
S0V
90'¥
90'¥
10V
807 |
16'9
16'9
269
269
269
€69
€69
¥6°9
v6°9
G6'9
9691
96'9
16'91
60°L1
0L L]
0L L]
04 'L
L2
LA
L2
< TAVA
9z L]
121
121
8z .
TV
8z /]
62,1
62 .
62/
oe.L
LeL
6c .
6€° L
ov'.L
L2
ta)

OPh

Cl
60

PhO

06

o
eQeae-
- e e

L'c

0'¢

4.0 3.0 2.0 1.0 0.0 -

6.0 5.0
f1 (ppm)
Supplementary Figure 153. 'H NMR (500 MHz, CDCls) spectrum for compound 60

9.0 8.0 7.0

10.0

11.0

b9z~
2200z’
gree”’
66'6€

v 29\
5292
0022
TA))
soeg”

LS vLL
19°0¢lt /
PAAN XA
6L'9¢L
[4414"
¢sect N

19061 —
€8'8G1 —

16891 —

OPh

Cl
60

PhO

70 60 50 40 30 20 10

110 100 90 80

140 130 120

170 160 150

20 210 200 190 180

f1 (ppm)
Supplementary Figure 154. 3C NMR (126 MHz, CDCls) spectrum for compound 60

134



9SG
86°L |
00°Z1
00'Z1
102 1
00'¥ |
L0 |
189
189
189
68°9
689
€6'9
€6'9
£6'9
S6'9
SL'.
112
SZ'.
9Z'L 1
9z’ 1
1221
82/ 1
€€/
€€
ve L
GE LY
9€'/ 1
9€" LN
8e'L]
8¢,
6€ L]
6E°L
L2
€6/ ]
€52
GG'.
g5/ 1
v9° L1
9L
¥9'L
G9'.
99°2

18

OPh

PhHN

Ph CI

61

f1 (ppm)
Supplementary Figure 155. 'H NMR (500 MHz, CDCls) spectrum for compound 61

Gc'Sc—

€9'8¢ —

61729

mm.oﬁ/
OONN/
Gc'LLT
v_\.wm\

A adat
26'6lL1L ,/
v9°0ClL
66'vCl
®N.©N_\%
298¢l
89'8¢l
90'6¢t
mm.mN_‘\
oL el
60011
28'8Gl —

617291 —

OPh

Ph ClI
61

PhHN

; ; T ; ; T ; ; T ; T éO 7\0 éO T T T T T ;

210 200 190 180 170 160 150 140 130 120 110 100 90

0

10

30 20

50 40

f1 (ppm)
Supplementary Figure 156. *°C NMR (126 MHz, CDCls) spectrum for compound 61

135



OPh

/6L

Cl
62

4.0 3.0 2.0 1.0 0.0 -

6.0 5.0
f1 (ppm)
Supplementary Figure 157. 'H NMR (500 MHz, CDCls) spectrum for compound 62

9.0 8.0 7.0

10.0

11.0

99've —

L9'VE~
167287

9t'59
2159
62997
GL 9L
0022
wN.R\

oL’
18021~
17621\

09'8G1L —

8G'¢LL —

OPh

Cl

62

70 60 50 40 30 20 10

110 100 90 80

140 130 120

170 160 150

20 210 200 190 180

f1 (ppm)
Supplementary Figure 158. *C NMR (126 MHz, CDCls) spectrum for compound 62

136



Z29°1
661 1
1021
c0'¢1
10°C
SL°C1
112
11721
€6°C 1
oL'ey
0L'€7
L€
43R

16'S
0%
80V
9L'L)
9L
9121
AR
AR
gL'/
6L/
021
T LA
2T L
AV
YT LA
G2 L
AN
9z'L]
9z
122
127/
8z /]
62°L
62°L
0e. 1
0g'L
0g’.
16'L
16°L
86/
86'L

CO,Me

Ph

63

0'¢
Ll
c0'e
c0'c

f1 (ppm)
Supplementary Figure 159. 'H NMR (500 MHz, CDCls) spectrum for compound 63

852"
8E°6E—
8L br—
5025

0ceco—

G191
00°2.
sz 1l

£L'9ZL
or'8zh
6v'8Z 1
E.wmi
8E6Cl
89'621

LL O L~
00'EPL”

26’991 —

CO,Me

Ph

63

20 10

30

50 40

80 70 60

f1 (ppm)
Supplementary Figure 160. *C NMR (126 MHz, CDCIs) spectrum for compound 63

!0 210 200 190 180 170 160 150 140 130 120 110 100 90

137



CODVONOODNDNVDOWONDDT-TOOODNMNOOMNOULLITT —TDOOULITINANNTT—-—OO® O
SN NOANNNNTOONT-TOOONNKNKNNNNNNOOOMOMMNONMOMMONOD®D D
ONNNNNNNNNNNSYS SIS TO OO0 Mr-r - -+ O0OO0O
S — P S S S N T S S
CO,Me
"Bu
64
i
> B o =
o @ eQe ? eewaecQ
- - - o™ o N a o
r T T T T T T T T T T T T
2.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1

f1 (ppm)

Supplementary Figure 161. 'H NMR (500 MHz, CDCls) spectrum for compound 64

© 0 NON
o N ©®O© Low o T ONWO TN
© o OO0 NoN o © X WWw= o
© 4 AANN NNO o AT NON®
- - == NNNO© O<®m™NN~—
| |~ —— — SN N —

CO,M
jl\/@ B
"Bu

64

20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -
f1 (ppm)

Supplementary Figure 162. *C NMR (126 MHz, CDCls) spectrum for compound 64

138



—

CO,Me

65

Cl

o
=]
w
o
| =
[=)
=3 18'€Z”
m #68°LE~
oL [ S 86'9E~
e0s | o 2 £9'tin
&£ a9l vb—
L = 90'25~
s E
r Q .
T 23 8L29—
0¢C - n
Z0°'¢S - w mNON.
ool | 3 O 00247
-=° A sz Ll
| O
-
LS =
E =
L o S
~ S
2% ©
T g
I z 64821
[ o T IE°62L+
c= zr6z1L’
FG6°L | o,
2 PO'EDL
[=)
6L oo b
=
L o0
- =
P z 06'99L—
«
-
+ =
- 5]
= E
=
L (=%
=
=) 75
o

10

20

30

50 40

80 70 60

f1 (ppm)
Supplementary Figure 164. >C NMR (126 MHz, CDCls) spectrum for compound 65
139

COM
cl Ve

65

Cl

!0 210 200 190 180 170 160 150 140 130 120 110 100 90



€T
AR
TAR
AN
L2
€'z
9P’z
@w.m;
oL'e

:.L
zLe
vLE
v2€)
G.'€
9/°€ 7
122°€4
06’
TN
9LV
9L’y
9L’y
L1y
RS
8LY]
8L
gL'y
617
6LV
6Ly |
0z’ ﬁ
oz'v
Ly
=g |
Ly
Ty
€Ty
9z'.
8z’ L
8z’
622
oe'.
16'2
86°.
66°L
66°L

PR

L

0.0 -

1.0

2.0

3.0

4.0

6.0 5.0
f1 (ppm)
Supplementary Figure 165. 'H NMR (500 MHz, CDCls) spectrum for compound 66

7.0

8.0

CO,Me
9.0

Cl
66
10.0

Et0,C

EtO,C
11.0

LB'EL
mm.m_‘v

LL9E
88'bh
LEBh
$0ZG
Z€'09,

$9 L9
¢r19”
SL9L,

00°LL+
szLL

06821
8E'6Z)F
v16zL’

PECPL—

98°991
Nm.w@_‘w
18'891

10

20

30

50 40

80 70 60

fl (ppm)
Supplementary Figure 166. *°C NMR (126 MHz, CDCls) spectrum for compound 66
140

CO,Me

Cl
66

EtO,G
EtO,C

!0 210 200 190 180 170 160 150 140 130 120 110 100 90



DO ONMNNMNLUTITOMO DO IO M OMNW < I <
2RRRHN MMM NN 6 T ANNNNTY
NNNNNNNNNNN MO NOOO e
—— N N~ e
cl
BOC’O/\©\002Me
67
[l \‘
| n |
s 3 ry o
(] o o o o O
PN o < <
2.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1
f1 (ppm)

Supplementary Figure 167.

o [s0] —
[(e] Y (=
w wn < M
— — -
I | ~
Cl
SRASE
Boc” CO,Me
67

'"H NMR (500 MHz, CDCI3) spectrum for compound 67

129.18
128.96

/
L

79.73
77.25
77.00

\76.75

I
i
s

i

\.71.88

171.87

,52.07

~51.19

—38.52

AX

—28.38

!0 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 3

Supplementary Figure 168. *°C NMR (126 MHz, CDCls) spectrum for compound 67

f1 (ppm)

141

0

20

10

0

-1



102
WA

€€
veL
se'.
9gL
€6/
€52
¥GL
66/

GG,
658

¢}
68

Me Cl

PhHN

0'¢

4.0 3.0 2.0 1.0 0.0 -

6.0 5.0
f1 (ppm)
Supplementary Figure 169. 'H NMR (500 MHz, CDCls) spectrum for compound 68

9.0 8.0 7.0

10.0

11.0

9151
6e'1Z|
0g’ _..N../_
£1°52,
Sl°52"
gz'8z
#0°0€,
€0'LEY
v0'zZH
Ly
08'€9
88,0\
mm.E,,,
G549/
00°LL
az'Ll’

06'LLLy
96°6L 11\
€9°0Z
zsegh)
R A
€0'62}
vzocl’
eoel
00°LE}

06951 —

PE'69L—
(FAVNN

PhHN

20 10

30

50 40

80 70 60

f1 (ppm)
Supplementary Figure 170. *C NMR (126 MHz, CDCls) spectrum for compound 68

!0 210 200 190 180 170 160 150 140 130 120 110 100 90

142



—

OPh

HCl

69

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -

10.0

11.0

f1 (ppm)
Supplementary Figure 171. 'H NMR (500 MHz, CDCls) spectrum for compound 69

mhor
E.Nm/
lzve
9e°8Z
mm.om/
YVAFAR\S
Lee”
85'8¢
6L2Y
1€2Y
om.tu\
1299
95°LL
mm.@#/
G197
oo.Rx
szl

6C’e€ll 7
[4>m49% /
1.°0¢lL
VA T4

og'esl —
29'8GlL —

viL'€LL —

70 60 50 40 30 20 10

110 100 90 80

140 130 120

170 160 150

210 200 190 180

f1 (ppm)
Supplementary Figure 172. *C NMR (126 MHz, CDCls) spectrum for compound 69

143



98°0
060
06°0

——

Cl

OPh

————60¢

——=F16'0

4.0 3.0 2.0 1.0 0.0 -

6.0 5.0
f1 (ppm)
Supplementary Figure 173. 'H NMR (500 MHz, CDCls) spectrum for compound 70

9.0 8.0 7.0

10.0

11.0

I~
@
o
<

sz LL
98'z8]
z6'28]
L pLL
6902}
ez’

64851 —

9F'0LL
mv.om_‘v

Cl

OPh

20 10

30

50 40

80 70 60

fl (ppm)
Supplementary Figure 174. 3C NMR (126 MHz, CDCls) spectrum for compound 70

!0 210 200 190 180 170 160 150 140 130 120 110 100 90

144



COOVWOVOONDVOUITONNDN - -—TOTONTTDONNMUOULUITITINANNTONDONOOTITOLWITAN
200 MMANNNC0000A =" -00000R00VRVRRDVOINNMMM®M®H NN« -
ONNMNNMNNNNNNNNNSOOMOOOM -+ -+ s+« « —
L e T —— e e T TN
|
|
I
Il
l il !fu b H‘
I NS N o = fra
o O v~ v« o o @ O o N —
PYEREPY/RNE <6 o< < o ©s8
2.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1
f1 (ppm)
Supplementary Figure 175. 'H NMR (500 MHz, CDCls) spectrum for compound 71
< O v« ©
© K Www©v
0 00 N N
[SORSORR
LI )
~
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -1

f1 (ppm)

Supplementary Figure 176. ’F NMR (376 MHz, CDCl;) spectrum for compound 71

145



1942
6E'6T
¥5'62
L1 0E]
¥1'0g
L 0€
L' bE
Nm.:sz
€5zl
Iy
65 et
gLer
g0'zg’
16'89
§4'9/
00°22+,
az'Ll’

LE'SLL]

tSLL

89'0L1

Z8'9L 1]

€rZZ

Gt'ZZ

mwmm_%

05°z2h
09'8Z},
£2°6Z17

WRTAR

20 b b

89'trr 1

AR A%

IR CaY

6Lt ]

8t Ll

85" /11

0L 6% 11

0T 6%

EP'6Y L]

€561 L1

QLS

86'991

20 10

30

50 40

80 70 60

fl (ppm)
Supplementary Figure 177. 3*C NMR (126 MHz, CDCl;) spectrum for compound 71

!0 210 200 190 180 170 160 150 140 130 120 110 100 90

C

(0]

Me C

PhHN

73

f1 (ppm)
Supplementary Figure 178. 'H NMR (500 MHz, CDCl;) spectrum for compound 73

146



® OO WOWOWWLAN
» © NOOH»OKOOO ©owoWN © N © N
o RTo) 3OO W00 O NOoNWwOoO 0 - N ©
© © HOHOANNNNN NN©S S o o ®
- - RGN IRM I L R NNNNO© < o NN
W, e = | Sl

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Supplementary Figure 179. *C NMR (126 MHz, CDCI;) spectrum for compound 73

0

TTOANTTNODOTO T -ONMNODT OUOTOODONOTTTOITONO DLW
MAATTNNONNNONT T IIFOO0OO0OON-TANNNNTOQ
ONMNMNMNMMMNMMMNMMMNMNNMN SITOO0OO0OOOOONNNNN—
S T N I R S S S G S S R Y
0]
PhHN
Me CI 0. Cl
™,
74 o)
T T T T T T T T T T T T T
11.5 10.5 9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5

f1 (ppm)

Supplementary Figure 180. '"H NMR (500 MHz, CDCl;3) spectrum for compound 74

147



¥Z'0€ 7
%.5\
YTy —
96' LY~

29’19~
NN.mK/
YL'9LN
00°2L

mNNNM

62021\
0Z'SZL Y
€0°6Z1 \
0g'6zt
6L0€L”
L9981
ze'ovl

02’991 ~
29'89L 7

PhHN

Me CI

74

; ; T ; ; T ; ; T ; T éO 7\0 éO T T T T T ;

210 200 190 180 170 160 150 140 130 120 110 100 90

0

10

30 20

50 40

f1 (ppm)
Supplementary Figure 181. *C NMR (126 MHz, CDCl;) spectrum for compound 74

TR
SZ'L |
TR
A%
TA
8z 1
621
0€'L

(o]
LeL
Le'L
e

vl
e
671
0g°

zs
zs

veL
'z
Sv'z
Sv'z
v’z
2Lz
INAI
€12
vz
SL°.
9l'L
AW
vE L]
Ge'/ ]
9g°L
=W
¥S'L
GS'.
G5,
95/
95/
19’8

3
3
LG
I
3

—

10°Cl
80°9
v0'€

Me CI
77

PhHN

0L
90°'L
L0}
co'L
00’

f1 (ppm)
Supplementary Figure 182. '"H NMR (500 MHz, CDCl;3) spectrum for compound 77

148



06'vZ
06'GZ
gz'62
6262
ge6z
6€'62
0v'62
Sv'6Z
c6'627

16°¢cv —~
80°LY —
9€'¢S —

om.ﬁ/
¥2'9LA\
oo.tx
ST 1L

166117
98'vzlL ~
006zl ”
ZLieL~

79°691 —

Me CI
77

PhHN

; ; T ; ; T ; ; T ; T éO 7\0 éO T T T T T ;

210 200 190 180 170 160 150 140 130 120 110 100 90

0

10

30 20

50 40

f1 (ppm)
Supplementary Figure 183. 3C NMR (126 MHz, CDCl;) spectrum for compound 77

zee
LLe
v2'€
€LLA
YL
GlL'2]
G121
9L
912
9LL]
9z’
€e L]
€€,
geL
9gL
9g',
vS'2
952
952
09'8

0z'L
_ —==Ig|zZl

L&:—l‘

- =—F 609
L0°)

€0'¢
ol¢
0L

oy

% €0'¢

MeO,C
CO,Me
mé ¢ 9
78

PhHN

90'¢

00'L
[40x4
[40x4

00’

f1 (ppm)

Supplementary Figure 184. '"H NMR (500 MHz, CDCl;3) spectrum for compound 78

149



8¢e’l¢e
L6'veC
G9'8¢
9/.°8¢
8.°8¢
6l°6¢
9¢'6¢
Le'6C
6€°6¢
(4414
6°6¢
mmN%\
8€'CS
om.NmN

Nm.E/
G297\
oo.tw
SZ'LL

166117
18'vZL~
Loezl”
€LIElL ~

07891~
79°691
¥6°0LL

MeO,C

CO,Me

PhHN

9

Me CI

78

m

T ; ; T ; T éO &O éO T T T T T ;

210 200 190 180 170 160 150 140 130 120 110 100 90

0

10

30 20

50 40

f1 (ppm)
Supplementary Figure 185. *C NMR (126 MHz, CDCl;) spectrum for compound 78

897 L1
562
967
96°Z 1
16'Z ]
862
Lz
zT v
€T 1
1z'9

€29

Sz'9

S6'9

96'9

169

002

€LL
€14}
Vil
Gl /1
92/
6211
0€'/]
1€°/27
LE L
ze L
€€/
€€/
IR
Ge'. ]
9¢.
282
g€,
8L ]
8€° /1
8y L]
6L
6t/ 1
052
052
192
€92
€9/

Ge'8

OPh

PhHN

Ph

79

4

(V4

f1 (ppm)
Supplementary Figure 186. 'H NMR (500 MHz, CDCls) spectrum for compound 79

150



D DT MVOWOONNOD— M —
O MVONOS OO O«— oYY ®O© L0 QW — N
© WONNOOODWOWONT— O < NO NN N
© OFTOMOONNNNNNN - NN©N o
A A NN R I L L IR e NN N © @
] e e N |

(¢} OPh
PhHN Z

Ph
79

I TP O TRTOR I RO Y R o—————

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

Supplementary Figure 187. *C NMR (126 MHz, CDCl;) spectrum for compound 79

— | v [0
o H
—_-'] o
]
0 _2
_ o 0 ] F3
far) ’ F4 _
] 0 .? ® é
L5 =
6
N L] o
' 17
(o] OPh
. A PhHN H:) s
P H
79
85 80 0 55 50 45 40 35 30 25 20 15 10 05 00

£2 (ppm)

Supplementary Figure 188. NOE spectrum for compound 79

151



ITTONOTTNOANTTODOOTANTTNOOOUOTOTONOLONOT T OV MANLL MO
DOUVODIITLILTILNONNMOANNNNNTET - - DONDNVOOONIONOD R DOV
MNMNMMMMMMMMMMMMMMMMMMMMMMMNMNMNOOOOOST ST OOOOOANAN™ ™™ v
LR rEEEEEEEEEEEEEEEEERROOCQOOYYYOOOAANT T T T T
o
PhHNJ)(\/\OPh
PH SCF,
80
[}
JL ﬂ
|
S 88 o
N — N
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

f1 (ppm)

Supplementary Figure 189. 'H NMR (500 MHz, CDCls) spectrum for compound 80

—-37.06

PhHNJl)(\/\OPh

PH 'SCF,
80

PP 9000 Y0000 00 0 A AN A

20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170
f1 (ppm)

Supplementary Figure 190. ’F NMR (376 MHz, CDCl;) spectrum for compound 80

152



66°'vC —

L9'vE —

€99
o_\N@V
v.'9.
ooNNW
Gc'LL

3493
ANA4Y
0L0¢lt
€0'sclh
0 LclL
ge'sclh
v6°'8¢l
L0°6¢l
slL'eclh
Lv'6cl
18°0€L
G6°9¢)
96°LE1
€8S —

L1691 —

OPh

PH SCFs
80

PhHN

50 40 30 20 10 0

; ; ; T ; ; T ; ; T ; T éO B éO

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)
Supplementary Figure 191. *C NMR (126 MHz, CDCl;) spectrum for compound 80

980
880 |
68701

[40x4
c0'¢
€0'¢
8.'¢€
9c'v
LTy
lev
8¢’V
9¢’L

9¢'L

Me
12

Cl
85

MeO’

€C’e
Lee
9€'¢C
80°L
oL’

FoLl'e

£ 00°L

f1 (ppm)
Supplementary Figure 192. '"H NMR (500 MHz, CDCl;3) spectrum for compound 85

153



ve0LL —

Me

12

MeO

C
85

50 40 30 20 10 0

; ; ; T ; ; T ; ; T ; T éO B éO

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)
Supplementary Figure 193. *C NMR (126 MHz, CDCl;) spectrum for compound 85

L€
8Le
8L'€ ﬁ
6L°€

€02
v0'L
9L'L
i
0z'L
zTL
9z'L
L8
€18
zs6’

1l
|
”ﬂl@
|
o oo

- - -

——60

f1 (ppm)
Supplementary Figure 194. '"H NMR (500 MHz, CDCl;) spectrum for compound 87

154



99'LL
B.Q%
9921\
SP'ZZT\
mv.mmw
oLsz
B.S\
16'ee

LLLSG —

c0'v9—
G192
OONNW
9c'LL

€0LZLY
IRZARN
1892
62221
szoeL
€0'9¢l

€9'¢cLL —

; ; T T ; T ; ; T ; T éO T T T

210 200 190 180 170 160 150 140 130 120 110 100 90

40

50

70 60

f1 (ppm)
Supplementary Figure 195. 3C NMR (126 MHz, CDCl;) spectrum for compound 87

m—

€56’

|
cee
- e -

Supplementary Figure 196. 'H NMR (500 MHz, CDCl;3) spectrum for compound 88

—00'L

——¥6°0

f1 (ppm)

155



@@._\_\/
@o.Nr/
mw._‘N/
veeen
mv.mm\
L€'GeC

oL'er—
eLis—

er'eo—

.92
OO.NNW
Gc'LL

6602 |
60'%Z1
€892t
szizL
szoeL’
80'9¢l

16°¢cLL —

40

50

70 60

0 80

f1 (ppm)
Supplementary Figure 197. *C NMR (126 MHz, CDCl;) spectrum for compound 88

—

T
npr”
89

H

———

210 200 190 180 170 160 150 140 130 120 110 100 90

F860

f1 (ppm)
156

Supplementary Figure 198. 'H NMR (500 MHz, CDCl;) spectrum for compound 89




vLLL-
S9Li~
65°E€Z~
8627
80 e~

2978~
SLLS”

1229

0024

vL9L W
ST'LL

99°0Z1y
V6 ETI
98'921
£6'921/
12 0€EL
€z'9cl’

0L€Ll—

10

20

30

50 40

70 60

80

f1 (ppm)
Supplementary Figure 199. *C NMR (126 MHz, CDCl;) spectrum for compound 89

180 170 160 150 140 130 120 110 100 90

H
npr”
89

210 200 190

cle

oLz
8z'C
192
29¢
€9
992
19¢
69C
0.2
6L'E
Lz’
¥0°L]
G502
902
902
ANE
6L
\z'2
2T .
ot
9z,
608
60'8
oL's
LL'8
L¥'6

f1 (ppm)
157

Supplementary Figure 200. 'H NMR (500 MHz, CDCl;) spectrum for compound 90
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Supplementary Figure 213. 'H NMR (500 MHz, CDCl;) spectrum for compound 96
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Supplementary Figure 219. 'H NMR (500 MHz, CDCl;) spectrum for compound 99
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Supplementary Figure 244. 'H NMR (500 MHz, Pyridine-d5) spectrum for compound 110
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12. Cartesian Coordinates of All the Optimized Geometries

cat.Al

Cu

Q
=

T oo ITDo@DnI@Do@Dn@D oD@ o oo os oo ao@n@maon' e YT

22.861071000000
24.307499000000
24.372481000000
26.021257000000
22.793756000000
21.170918000000
24.286789000000
25.215540000000
26.274657000000
24.991599000000
25.029636000000
25.693154000000
25.358241000000
23.569619000000
23.459693000000
23.272123000000
22.638541000000
21.577993000000
22.858569000000
22.817047000000
22.504643000000
22.150492000000
24.341621000000
23.019798000000
22.973729000000
22.160907000000
22.912256000000
22.853366000000
21.967290000000
24.119264000000
24.106057000000
24.045973000000
25.440606000000
25.508180000000
26.304393000000
25.553939000000
26.497426000000
25.610969000000
26.111180000000
27.480626000000
28.227608000000

16.102349000000
15.941817000000
16.561860000000

16.848433000000

16.214322000000

16.907343000000

15.390349000000
14.171032000000
14.495404000000
13.638840000000
13.206746000000
12.326359000000
13.715006000000
12.764651000000
12.094057000000
12.169494000000
13.975616000000
13.651877000000
14.513227000000
14.941001000000
14.437749000000
15.819942000000
18.278307000000
18.524317000000
17.866610000000
18.246246000000
19.988623000000
20.639438000000
20.142808000000
20.400993000000
19.820669000000
21.471626000000
20.132643000000
20.793326000000
20.391468000000
18.670299000000
18.529977000000
18.002483000000
18.712540000000

19.280901000000
19.036005000000

181

17.718414000000
19.817420000000
16.133879000000
18.705446000000
21.445140000000
18.934112000000
14.667586000000
14.794040000000
14.847361000000
15.746256000000
13.612659000000
13.743233000000
12.678418000000
13.457902000000
12.580054000000
14.350579000000
13.329479000000
13.269881000000
12.379784000000
14.507457000000
15.451395000000
14.393925000000
15.398431000000
14.649227000000
13.753541000000
15.295686000000
14.202420000000
15.104331000000
13.640632000000
13.350069000000
12.400052000000
13.065876000000
14.081145000000
14.975277000000
13.433659000000
14.541244000000
15.107600000000
13.653068000000
18.645738000000
18.241515000000
19.028120000000
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27.840030000000
27.405796000000
26.734925000000
28.407124000000
26.867130000000
27.590391000000
26.793150000000
25.503921000000
24.758772000000
25.136789000000
25.564119000000
26.214735000000
24.560403000000
27.632928000000
27.728688000000
27.751211000000
26.801080000000
28.951708000000
28.956516000000
29.877861000000
28.973084000000
29.877472000000
28.095432000000
28.913521000000
28.898667000000
29.835194000000
27.686924000000
26.759042000000
27.687861000000
22.855416000000
24.189303000000
25.039972000000
24.235043000000
24.313817000000
25.269772000000
24.357987000000
23.124538000000
23.155325000000
23.207099000000
21.787345000000
21.703336000000
20.937832000000
21.662373000000
21.629526000000

18.808302000000
20.806426000000
21.041912000000
21.207585000000
21.483953000000
21.327650000000
22.581346000000
20.906741000000
21.149587000000
21.378708000000
19.383774000000
19.140941000000
18.970627000000
16.202823000000
16.590729000000
17.693525000000
16.240911000000
15.965686000000
16.242622000000
16.397703000000
14.442615000000
14.010705000000
14.003416000000
14.060650000000
12.957463000000
14.423574000000
14.670839000000
14.231774000000
14.396318000000
17.803567000000
17.947418000000
17.736552000000
17.193278000000
19.350821000000
19.438037000000
20.098619000000
19.667672000000
18.986788000000
20.700384000000
19.483720000000
20.242824000000
19.665926000000
18.084629000000
17.317464000000

182

17.303224000000
18.074362000000
17.217253000000
17.812312000000
19.341059000000
20.173053000000
19.190478000000
19.743550000000
18.953839000000
20.679534000000
19.917387000000
20.784643000000
20.149928000000
19.397353000000
20.887225000000
21.000553000000
21.397089000000
21.571173000000
22.646281000000
21.130040000000
21.402176000000
21.879346000000
21.929164000000
19.919223000000
19.797092000000
19.411642000000
19.228072000000
19.662815000000
18.153391000000
22.422646000000
23.176644000000
22.495036000000
23.992876000000
23.786198000000
24.343701000000
22.962165000000
24.702272000000
25.582705000000
25.101303000000
23.973405000000
23.162934000000
24.664348000000
23.348152000000
24.153532000000
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20.704661000000
22.849379000000
21.963310000000
22.232798000000
20.896591000000
22.139089000000
21.760668000000
21.509921000000
23.606223000000
23.955583000000
23.708097000000
24.487443000000
25.555599000000
24.208141000000
24.325080000000
24.957535000000
24.696112000000
19.544902000000
19.506586000000
20.409534000000
19.569155000000
18.248319000000
17.350955000000
18.272940000000
18.118329000000
18.969874000000
17.191836000000
18.135250000000
17.232110000000
18.080719000000
19.389082000000
19.358991000000
20.292887000000
21.125474000000
19.772116000000
19.011511000000
19.412161000000
19.880904000000
20.565070000000
18.890679000000
20.420652000000
19.688212000000
20.514849000000
21.770595000000

18.007623000000
14.822894000000
13.625560000000
13.296718000000
13.927731000000
12.453521000000
12.757158000000
11.599926000000
12.027042000000
11.632206000000
11.197363000000
13.213373000000
12.913247000000
13.547790000000
14.385299000000
15.239611000000
14.083699000000
16.403321000000
14.868883000000
14.546936000000
14.373422000000
14.398679000000
14.635044000000
13.294366000000
15.077492000000
14.762910000000
14.745280000000
16.602733000000
16.928527000000
17.093902000000
17.085163000000
18.187338000000
16.856282000000
18.748248000000
19.287139000000
19.169208000000
18.700008000000
20.774450000000
20.881521000000
21.155777000000
21.602253000000
21.565908000000
22.669652000000
21.059349000000

183

22.793574000000
22.704670000000
22.316549000000
21.287232000000
22.290211000000
23.293387000000
24.295371000000
22.964741000000
23.417276000000
22.436665000000
24.147774000000
23.823043000000
23.869196000000
24.847448000000
22.847430000000
23.162511000000
21.840241000000
18.163190000000
18.011488000000
17.442454000000
19.002020000000
17.269574000000
17.884265000000
17.159368000000
15.901572000000
15.256093000000
15.388370000000
16.047362000000
16.610591000000
15.053254000000
16.789239000000
16.902837000000
16.178029000000
19.248303000000
19.742198000000
18.939622000000
20.612775000000
20.110933000000
20.983200000000
20.436951000000
18.937504000000
18.099736000000
19.227708000000
18.452199000000
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22.521956000000
22.143772000000
21.684942000000
21.036129000000
22.684532000000
26.051934000000
26.868819000000
26.245998000000
21.111933000000
20.317405000000
20.862287000000

23.552913000000

24.589664000000
24.326704000000
25.392219000000
28.473539000000
22.856050000000
22.494082000000
18.721016000000
21.856507000000

cat.A1*

Cu
Cu

DT ozz@moxxzonTo@mDmT-D 0" YT

22.862693000000
24.276985000000
24.415497000000
26.126845000000
22.746993000000
21.035714000000
24.255167000000
25.130325000000
26.202804000000
24.886984000000
24.897855000000
25.522638000000
25.245347000000
23.419342000000
23.276299000000
23.098539000000
22.543543000000
21.469263000000
22.783163000000
22.767937000000
22.434720000000
22.141560000000

21.181874000000
21.644971000000
19.574001000000
19.453791000000
19.181846000000
16.360477000000
16.855781000000
15.270496000000
16.183676000000
16.644383000000
15.114238000000
13.954445000000
15.971184000000
18.936659000000
18.950843000000
16.664575000000
18.578710000000
15.234098000000
16.728121000000
18.857704000000

16.455968000000
16.330818000000
16.610066000000
16.855823000000
16.264394000000
16.885323000000
15.427283000000
14.168884000000
14.445873000000
13.644140000000
13.216424000000
12.307462000000
13.712236000000
12.840184000000
12.177996000000
12.256260000000
14.092195000000
13.816097000000
14.621262000000
15.046112000000
14.560469000000
15.954781000000

184

19.263644000000
17.585560000000
18.076904000000
17.183444000000
17.794767000000
16.910368000000
16.347384000000
16.909552000000
20.648320000000
21.269169000000
20.508989000000
18.629123000000
13.767737000000
16.296280000000
17.830958000000
18.834033000000
21.623212000000
23.675808000000
18.836662000000
20.079890000000

17.751658000000
19.782795000000
16.159845000000
18.680969000000
21.396620000000
18.940275000000
14.698307000000
14.816241000000
14.864943000000
15.767875000000
13.632938000000
13.759343000000
12.698907000000
13.482393000000
12.602927000000
14.374383000000
13.360842000000
13.305286000000
12.411089000000
14.540765000000
15.485789000000
14.429942000000
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24.455220000000
23.157597000000
23.098767000000
22.275505000000
23.121399000000
23.073438000000
22.193976000000
24.359704000000
24.341405000000
24.335951000000
25.653651000000
25.729081000000
26.541082000000
25.700537000000
26.625181000000
25.752469000000
26.312652000000
27.706300000000
28.431608000000
28.071369000000
27.668021000000
27.026562000000
28.684470000000
27.112042000000
27.811048000000
27.068831000000
25.726478000000
24.996853000000
25.357952000000
25.752215000000
26.374446000000
24.729417000000
27.727516000000
27.930419000000
28.067777000000
26.997572000000
29.117499000000
29.199861000000
30.059881000000
28.983485000000
29.858327000000
28.086697000000
28.831120000000
28.701814000000

18.327206000000
18.619596000000
17.953865000000
18.387986000000
20.082257000000
20.744456000000
20.268697000000
20.434650000000
19.844000000000
21.503913000000
20.122130000000
20.789120000000
20.337651000000
18.661304000000
18.494698000000
17.981207000000
18.710769000000
19.235519000000
18.973676000000
18.753078000000
20.763067000000
21.011670000000
21.141942000000
21.458495000000
21.288816000000
22.556575000000
20.916715000000
21.175745000000
21.398861000000
19.393528000000
19.131543000000
18.997278000000
16.120113000000
16.593106000000
17.692794000000
16.375160000000
15.896729000000
16.243692000000
16.201360000000
14.371657000000
13.883777000000
14.058718000000
13.900512000000
12.798652000000

185

15.423430000000
14.647751000000
13.759010000000
15.281291000000
14.183626000000
15.077849000000
13.602903000000
13.350043000000
12.406542000000
13.052697000000
14.111178000000
14.999718000000
13.480046000000
14.588264000000
15.178097000000
13.709185000000
18.604368000000
18.230812000000
19.031517000000
17.299524000000
18.060758000000
17.185024000000
17.824893000000
19.311147000000
20.160985000000
19.153640000000
19.689589000000
18.889169000000
20.619802000000
19.865035000000
20.747794000000
20.061745000000
19.340889000000
20.793371000000
20.827081000000
21.365727000000
21.472062000000
22.523558000000
20.963984000000
21.411170000000
21.889532000000
21.993701000000
19.960866000000
19.916864000000
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29.764852000000
27.643346000000
26.696886000000
27.577491000000
22.701984000000
24.025299000000
24.885179000000
24.134386000000
24.042795000000
24.993825000000
24.018492000000
22.840452000000
22.931375000000
22.845368000000
21.516472000000
21.366503000000
20.660386000000
21.492814000000
21.517873000000
20.542483000000
22.918731000000
22.110406000000
22.394303000000
21.026113000000
22.371136000000
21.981444000000
21.796827000000
23.864188000000
24.230760000000
24.025915000000
24.668996000000
25.755424000000
24.380167000000
24.419943000000
24.991772000000
24.806308000000
19.386395000000
19.345344000000
20.258559000000
19.385239000000
18.098623000000
17.192724000000
18.133637000000
17.973624000000

14.130870000000
14.582984000000
14.263901000000
14.244662000000
17.843217000000
18.067956000000
17.941826000000
17.298877000000
19.459516000000
19.606446000000
20.232326000000
19.651198000000
18.943452000000
20.672522000000
19.389847000000
20.168385000000
19.479829000000
18.007025000000
17.212248000000
17.880800000000
14.860513000000
13.606387000000
13.286659000000
13.837369000000
12.456119000000
12.742816000000
11.560190000000
12.128482000000
11.748397000000
11.313471000000
13.373364000000
13.144793000000
13.694582000000
14.525850000000
15.424660000000
14.253283000000
16.344800000000
14.808898000000
14.469662000000
14.343316000000
14.315168000000
14.554800000000
13.208966000000
14.965648000000

186

19.400254000000
19.269571000000
19.764121000000
18.215216000000
22.394856000000
23.148606000000
22.457730000000
23.944534000000
23.796276000000
24.349515000000
22.994757000000
24.729797000000
25.584314000000
25.164798000000
24.000810000000
23.218803000000
24.701762000000
23.328744000000
24.106778000000
22.770497000000
22.644402000000
22.271543000000
21.243403000000
22.250307000000
23.255899000000
24.258505000000
22.939459000000
23.370696000000
22.390528000000
24.106913000000
23.759431000000
23.794030000000
24.785400000000
22.779049000000
23.086350000000
21.770193000000
18.216483000000
18.105413000000
17.563372000000
19.111487000000
17.358108000000
17.958967000000
17.269881000000
15.976319000000
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18.834904000000
17.055869000000
17.970751000000
17.061094000000
17.914365000000
19.217050000000
19.176948000000
20.125883000000
20.948287000000
19.596387000000
18.837420000000
19.229437000000
19.729303000000
20.408247000000
18.744047000000
20.292234000000
19.562623000000
20.402942000000
21.634030000000
22.396701000000
22.006951000000
21.518016000000
20.867726000000
22.514117000000
26.088617000000
26.917590000000
26.229843000000
21.068702000000
20.242698000000
20.919508000000

23.568165000000

24.580968000000
24.451143000000
25.619857000000
28.565232000000
22.645002000000
22.542723000000
18.580107000000
21.678254000000

-1.952043000000
-0.682921000000
0.599397000000

14.650245000000
14.612306000000
16.493033000000
16.817115000000
16.966541000000
17.000360000000
18.104344000000
16.770342000000
18.720787000000
19.263790000000
19.156363000000
18.677855000000
20.749359000000
20.839680000000
21.148283000000
21.575980000000
21.560118000000
22.639053000000
21.016393000000
21.125303000000
21.598752000000
19.534194000000
19.421382000000
19.114122000000
16.305327000000
16.749037000000
15.207818000000
16.087944000000
16.445588000000
15.005181000000
14.257004000000
16.001336000000
18.986709000000
18.970832000000
16.482587000000
18.631737000000
15.255089000000
16.690893000000
18.834586000000

-0.408621000000
0.445106000000
-0.397412000000

187

15.344256000000
15.461459000000
16.095269000000
16.648995000000
15.092565000000
16.832453000000
16.927774000000
16.227079000000
19.262807000000
19.747551000000
18.941900000000
20.616367000000
20.120562000000
20.998744000000
20.440506000000
18.955787000000
18.114950000000
19.256043000000
18.463025000000
19.267242000000
17.593979000000
18.087418000000
17.193986000000
17.817270000000
16.908690000000
16.321896000000
16.924764000000
20.617583000000
21.264920000000
20.442627000000
18.604306000000
13.801319000000
16.320345000000
17.775090000000
18.704157000000
21.612265000000
23.615257000000
18.901071000000
20.092656000000

-0.000107000000
0.000105000000
-0.000095000000
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1.847837000000
3.365213000000
-2.865027000000
-1.994158000000
-1.994152000000
-0.680298000000
-0.680290000000
0.615677000000
0.615668000000
1.902548000000
1.902548000000

22.716597000000
23.981178000000
24.488287000000
25.660016000000
22.298425000000
20.721565000000
25.094991000000
25.483719000000
26.287543000000
24.604667000000
25.914811000000
26.156090000000
26.852282000000
24.828763000000
25.164513000000
23.926721000000
24.449880000000
23.633409000000
25.323357000000
24.022097000000
23.075842000000
23.798338000000
24.218928000000
22.788609000000
22.623680000000
22.053131000000
22.561101000000
22.625666000000
21.534697000000
23.606108000000
23.467599000000

0.469231000000
-0.533860000000
0.220282000000
-1.064504000000
-1.064952000000
1.115364000000
1.115797000000
-1.061595000000
-1.062032000000
1.113373000000
1.113823000000

17.606093000000
18.577741000000
17.258046000000
19.497774000000
17.740556000000
18.216785000000
15.526966000000
14.782101000000
15.316166000000
14.772145000000
13.336237000000
12.831597000000
13.340534000000
12.565856000000
11.530623000000
12.477247000000
13.292132000000
12.755786000000
13.291328000000
14.743256000000
14.757162000000
15.245450000000
18.166444000000
18.001722000000
16.951092000000
18.196747000000
18.944120000000
19.996835000000
18.808832000000
18.717613000000
17.698302000000

188

0.000123000000
-0.000128000000
0.000052000000
-0.894707000000
0.894165000000
0.887972000000
-0.887435000000
-0.891207000000
0.890691000000
0.899273000000
-0.898704000000

18.024276000000
19.935914000000
16.735950000000
18.549908000000
21.400724000000
18.762408000000
16.346365000000
17.637024000000
18.183106000000
18.315557000000
17.357346000000
18.316674000000
16.757142000000
16.598835000000
16.380513000000
17.245785000000
15.304281000000
14.776730000000
14.614220000000
15.567644000000
16.156496000000
14.605225000000
15.119300000000
14.574262000000
14.252187000000
15.383727000000
13.385172000000
13.744286000000
12.984276000000
12.284024000000
11.858214000000
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23.449964000000
25.034928000000
25.214344000000
25.776822000000
25.267952000000
26.297292000000
25.193464000000
25.191762000000
26.128692000000
27.152384000000
26.221555000000
25.633205000000
24.641765000000
26.321368000000
25.502902000000
26.513398000000
25.115781000000
24.593978000000
23.557715000000
24.545061000000
25.060815000000
26.047256000000
24.356669000000
27.335828000000
27.144382000000
26.362711000000
26.765928000000
28.459600000000
28.297592000000
28.782778000000
29.560647000000
30.516221000000
29.279801000000
29.750725000000
30.522501000000
30.131503000000
28.438126000000
28.101455000000
28.609089000000
22.059284000000
23.384410000000
24.142415000000
23.787927000000
23.172960000000

19.431371000000
18.842233000000
19.891866000000
18.626943000000
17.906602000000
18.039680000000
16.850353000000
20.911854000000
21.095721000000
21.338027000000
20.164141000000
22.231891000000
21.947632000000
22.344626000000
23.551299000000
23.877643000000
24.352176000000
23.382518000000
23.172561000000
24.322597000000
22.233256000000
22.499340000000
22.098128000000
20.036132000000
20.590275000000
21.377591000000
19.766901000000
21.136007000000
21.503750000000
22.015645000000
20.069041000000
20.484996000000
19.237497000000
19.511489000000
18.713022000000
20.321681000000
18.964110000000
18.086409000000
18.612219000000
18.406525000000
18.502140000000
19.030481000000
17.484726000000
19.220205000000

189

11.448124000000
12.829641000000
13.154256000000
12.032388000000
14.027075000000
14.421826000000
13.687967000000
17.407373000000
16.199309000000
16.561447000000
15.608262000000
15.291218000000
14.870927000000
14.427299000000
16.060465000000
16.394832000000
15.396288000000
17.282606000000
16.940240000000
17.872303000000
18.187119000000
18.626241000000
19.029085000000
19.237362000000
20.663789000000
20.668681000000
21.306880000000
21.233621000000
22.268783000000
20.632162000000
21.204144000000
21.587195000000
21.889064000000
19.788292000000
19.783613000000
19.126106000000
19.205737000000
19.797719000000
18.168380000000
23.138893000000
23.916559000000
23.301811000000
24.104576000000
25.256759000000
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24.127428000000
22.884491000000
22.075307000000
22.408505000000
21.918637000000
20.759490000000
20.375790000000
19.982902000000
20.948063000000
21.214716000000
19.993737000000
22.234937000000
22.572361000000
23.621414000000
21.939339000000
22.427840000000
21.362419000000
22.692176000000
23.311539000000
24.379052000000
23.176932000000
23.010699000000
23.686155000000
21.975043000000
23.137903000000
22.876521000000
24.189023000000
19.137405000000
19.196766000000
20.082263000000
19.348488000000
17.932558000000
17.054978000000
18.015624000000
17.699131000000
18.532044000000
16.766662000000
17.644054000000
16.745673000000
17.526809000000
18.895501000000
18.803432000000
19.790526000000
20.479017000000

19.254063000000
20.277635000000
18.544103000000
17.517995000000
19.090896000000
18.451295000000
19.478306000000
17.931250000000
17.730031000000
16.668107000000
17.722839000000
15.867799000000
15.295476000000
15.578879000000
15.761308000000
13.771907000000
13.497775000000
13.399391000000
13.116245000000
13.307346000000
12.014223000000
13.688640000000
13.241257000000
13.404489000000
15.219892000000
15.587793000000
15.521440000000
17.335397000000
15.846156000000
15.387298000000
15.722238000000
15.097457000000
15.501763000000
14.025891000000
15.248655000000
14.752179000000
14.728784000000
16.726924000000
17.198839000000
16.829421000000
17.490226000000
18.560504000000
17.102500000000
20.036590000000

190

25.822740000000
25.058324000000
26.088822000000
26.364157000000
27.042278000000
25.305893000000
25.112690000000
25.905576000000
23.960951000000
24.150535000000
23.395021000000
21.460805000000
20.073094000000
19.844268000000
19.282993000000
20.029661000000
20.199982000000
19.017096000000
21.097488000000
20.845138000000
21.093558000000
22.488465000000
23.247624000000
22.782687000000
22.526796000000
23.538313000000
22.334045000000
18.254998000000
18.639147000000
18.142586000000
19.731861000000
18.195583000000
18.748017000000
18.474363000000
16.688022000000
16.140684000000
16.383628000000
16.285967000000
16.743283000000
15.186576000000
16.743918000000
16.471114000000
16.204136000000
18.420628000000
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19.069401000000
18.343465000000
18.734617000000
19.045740000000
19.696601000000
18.019531000000
19.546352000000
18.836928000000
19.553121000000
20.944283000000
21.667915000000
21.288097000000
20.982993000000
20.359146000000
22.017677000000
26.023825000000
26.754561000000
26.487120000000
20.648545000000
20.337616000000
19.882782000000

25.655266000000

25.999219000000
24.310119000000
24.176933000000
27.655810000000
21.736319000000
21.173152000000
18.309715000000
21.173685000000
22.636197000000
23.344739000000
22.833327000000
23.569514000000

22.965423000000

23.016384000000
22.787748000000
21.542405000000
23.211642000000
24.440081000000
22.960990000000
21.744170000000
23.402260000000
24.656641000000

20.575264000000
20.135370000000
20.273857000000
22.106120000000
22.545506000000
22.486098000000
22.557255000000
22.199947000000
23.665562000000
21.998029000000
22.431668000000
22.305082000000
20.469309000000
20.013757000000
20.090457000000
18.061222000000
18.305854000000
17.309868000000
18.145582000000
19.144091000000
17.416753000000
17.258718000000
15.648989000000
19.227990000000
20.634548000000
20.874769000000
19.451019000000
15.627636000000
17.822754000000
20.486547000000
26.249583000000
25.045255000000
23.712342000000
22.530591000000
20.956775000000
27.203016000000
26.278052000000
26.211467000000
25.054269000000
25.119277000000
23.704574000000
23.608443000000
22.417555000000
22.550079000000

191

18.712317000000
17.994200000000
19.727515000000
18.579852000000
19.369423000000
18.766662000000
17.201746000000
16.421523000000
17.136916000000
16.907619000000
17.633085000000
15.897449000000
17.033910000000
16.235089000000
16.882202000000
17.432031000000
16.635319000000
18.101415000000
20.631969000000
21.002007000000
20.964826000000
20.885066000000
15.708411000000
15.437034000000
17.040730000000
18.577528000000
22.924574000000
21.701172000000
18.818291000000
19.163532000000
21.000391000000
21.622339000000
21.057937000000
21.658563000000
20.915250000000
21.418613000000
19.900980000000
21.184746000000
22.726237000000
21.444147000000
19.953944000000
21.252538000000
22.746418000000
21.452277000000
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22.495672000000
24.182176000000
24.031110000000

25.727820000000

22.826947000000

20.599049000000

24.494075000000
25.040414000000
25.932326000000
24.266983000000
25.378780000000
25.745403000000
26.213978000000
24.165892000000
24.429790000000
23.369946000000
23.623808000000
22.720362000000
24.386171000000
23.291158000000
22.445835000000
22.945339000000
23.482273000000
21.982469000000
21.794349000000
21.395699000000
21.513857000000
21.582009000000
20.442636000000
22.367250000000
22.198906000000
22.044760000000
23.862342000000
24.058714000000
24.465296000000
24.324997000000
25.406151000000
24.207777000000
25.396451000000
26.080924000000
27.175168000000
25.716335000000

17.793518000000
18.569641000000
17.603065000000
19.551935000000
17.618726000000
17.923367000000
15.928397000000
15.011912000000
15.454752000000
14.925593000000
13.610086000000
12.981375000000
13.682214000000
12.961391000000
11.959796000000
12.798636000000
13.858423000000
13.409144000000
13.935980000000
15.269697000000
15.221120000000
15.893907000000
18.720941000000
18.555279000000
17.545039000000
18.611006000000
19.617803000000
20.616903000000
19.460701000000
19.611400000000
18.655200000000
20.424407000000
19.745381000000
20.745395000000
19.692685000000
18.661065000000
18.779313000000
17.661832000000
21.200849000000
21.303840000000
21.138682000000
20.510597000000

192

18.397648000000
20.068085000000
16.792137000000
18.594027000000
21.724242000000
19.553598000000
16.074422000000
17.185169000000
17.673255000000
17.977371000000
16.662278000000
17.500973000000
15.930149000000
15.987743000000
15.588351000000
16.749938000000
14.870481000000
14.407278000000
14.063177000000
15.376599000000
16.101487000000
14.529224000000
15.395165000000
15.082627000000
14.662808000000
16.023348000000
14.081694000000
14.563655000000
13.836594000000
12.806278000000
12.261629000000
12.122399000000
13.126103000000
13.575418000000
12.195573000000
14.112429000000
14.334016000000
13.638673000000
17.739799000000
16.362545000000
16.482418000000
15.683297000000
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25.849681000000
24.764282000000
26.370393000000
26.318835000000
27.420232000000
26.129766000000
25.613275000000
24.532021000000
25.974939000000
25.814482000000
26.892856000000
25.264449000000
27.559691000000
27.704489000000
27.057463000000
27.336253000000
29.166299000000
29.249403000000
29.500451000000
30.077157000000
31.135955000000
29.805144000000
29.930036000000
30.564616000000
30.302200000000
28.470040000000
28.123435000000
28.405183000000
23.019440000000
24.492143000000
25.088555000000
24.916113000000
24.612757000000
25.674841000000
24.299386000000
23.735447000000
24.107163000000
23.820050000000
22.270376000000
21.876094000000
21.644387000000
22.115888000000
22.383431000000
21.055001000000

22.674883000000
22.795621000000
22.705912000000
23.816332000000
23.739584000000
24.798590000000
23.742997000000
23.929386000000
24.541179000000
22.377891000000
22.281058000000
22.332777000000
19.724984000000
20.111346000000
20.979105000000
19.262794000000
20.414932000000
20.666310000000
21.316263000000
19.232512000000
19.474355000000
18.361355000000
18.842677000000
17.962500000000
19.678258000000
18.539109000000
17.635262000000
18.317228000000
18.299738000000
18.388355000000
18.884067000000
17.369605000000
19.148838000000
19.178916000000
20.205981000000
18.518304000000
17.491381000000
19.091164000000
18.442072000000
19.474646000000
17.961680000000
17.681107000000
16.614695000000
17.697816000000

193

15.710199000000
15.499806000000
14.730050000000
16.617570000000
16.763540000000
16.135831000000
17.974700000000
17.824370000000
18.656044000000
18.648626000000
18.895524000000
19.609663000000
19.049147000000
20.534927000000
20.777783000000
21.148311000000
20.887535000000
21.965886000000
20.325130000000
20.536046000000
20.767384000000
21.173753000000
19.060273000000
18.823822000000
18.425129000000
18.687000000000
19.229793000000
17.602841000000
23.456773000000
23.895267000000
23.101886000000
24.014276000000
25.222694000000
25.544276000000
25.063806000000
26.311631000000
26.528275000000
27.258799000000
25.865657000000
25.735989000000
26.646864000000
24.538376000000
24.694481000000
24.212855000000
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22.876315000000
23.081745000000
24.101892000000
22.384934000000
22.941491000000
21.901389000000
23.112776000000
23.926911000000
24.965202000000
23.796062000000
23.758234000000
24.502657000000
22.754885000000
23.890678000000
23.736423000000
24.915840000000
19.225651000000
19.684826000000
20.520408000000
20.079696000000
18.549285000000
17.732325000000
18.918962000000
17.996760000000
18.794167000000
17.158371000000
17.544345000000
16.671551000000
17.195419000000
18.661270000000
18.276053000000
19.495353000000
19.736372000000
18.324814000000
17.664483000000
18.348992000000
17.713894000000
18.307615000000
16.688306000000
17.700715000000
17.039160000000
17.270115000000
19.115152000000
19.744756000000

15.741093000000
15.169551000000
15.452702000000
15.639426000000
13.644098000000
13.356805000000
13.268879000000
12.997037000000
13.190560000000
11.894623000000
13.575397000000
13.132112000000
13.293764000000
15.106791000000
15.477456000000
15.401368000000
16.637201000000
15.232013000000
14.917934000000
15.234600000000
14.208090000000
14.471215000000
13.205084000000
14.176717000000
13.815758000000
13.453528000000
15.572627000000
15.886631000000
15.556820000000
16.615605000000
17.614430000000
16.387749000000
19.576104000000
19.634308000000
18.910996000000
19.324488000000
21.036270000000
21.758978000000
21.038776000000
21.488605000000
20.811981000000
22.507913000000
21.456077000000
22.193573000000

194

21.774485000000
20.359628000000
20.032529000000
19.628979000000
20.336780000000
20.609166000000
19.305016000000
21.317921000000
20.966711000000
21.332239000000
22.728364000000
23.422650000000
23.120664000000
22.745205000000
23.776584000000
22.440675000000
19.417430000000
19.830036000000
19.167665000000
20.866289000000
19.701494000000
20.410171000000
20.002059000000
18.272155000000
17.583967000000
18.192118000000
17.830275000000
18.445551000000
16.776365000000
17.985682000000
17.700179000000
17.282051000000
19.325340000000
19.935340000000
19.411397000000
21.001627000000
19.795192000000
20.397353000000
20.220042000000
18.330606000000
17.744009000000
18.242973000000
17.742218000000
18.284631000000
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19.112550000000
19.754541000000
19.209157000000
20.803282000000
25.715408000000
26.296314000000
26.240037000000
21.023716000000
20.822019000000
20.377685000000
25.923322000000
25.296484000000
23.606187000000
24.294150000000
27.896096000000
22.675639000000
21.855628000000
18.432460000000
20.397230000000

23.515539000000

22.727905000000
22.653932000000
23.055235000000
21.184327000000
20.887601000000
19.423238000000
19.083017000000
17.626863000000
22.307925000000
22.125254000000
21.978622000000
21.811273000000
21.783486000000
21.914763000000
22.082518000000
23.455194000000
20.734513000000
20.681314000000
21.147046000000
21.540487000000
19.179071000000
18.763190000000
19.311167000000
19.758048000000

21.773235000000
20.066567000000
19.352463000000
20.085654000000
18.254706000000
18.550262000000
17.399284000000
17.952722000000
18.981349000000
17.262381000000
17.113859000000
16.120226000000
19.731342000000
21.232222000000
20.589355000000
19.345916000000
15.468162000000
16.970220000000
20.258222000000
21.044624000000
23.596999000000
22.734438000000
24.782383000000
22.458040000000
21.742988000000
21.309884000000
20.532129000000
20.067698000000
22.992986000000
23.600376000000
24.998024000000
25.542789000000
24.721477000000
23.331798000000
22.772755000000
23.353127000000
21.896603000000
23.451868000000
22.394675000000
20.848680000000
20.676515000000
22.202629000000
21.159664000000
19.651193000000

195

16.678913000000
17.867817000000
17.215096000000
17.503415000000
17.262137000000
16.365618000000
17.731124000000
21.379782000000
21.740679000000
21.959361000000
20.645435000000
15.326183000000
15.848614000000
17.599547000000
18.433601000000
23.295116000000
22.128675000000
20.123317000000
19.906385000000
21.257605000000
20.337550000000
21.615619000000
20.428971000000
21.944866000000
23.262918000000
23.361044000000
24.634118000000
24.680506000000
19.177963000000
17.917588000000
17.763055000000
16.481611000000
15.343022000000
15.500693000000
16.773334000000
22.744643000000
21.100647000000
21.939916000000
24.123770000000
23.347286000000
22.480262000000
23.278054000000
25.524129000000
24.705527000000
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17.405997000000
17.390159000000
16.927116000000
22.235965000000
22.020222000000
21.703284000000
21.659631000000
21.896675000000
22.192945000000
23.477975000000
24.490516000000
22.975931000000

18.010497000000
18.837511000000
19.900288000000
20.744052000000
17.252481000000
17.473007000000
18.655391000000
19.341135000000
18.168256000000
19.413058000000
20.549085000000
21.347053000000
20.903415000000

-1.907479000000
-0.626099000000
-2.984850000000
0.670544000000
1.954337000000
3.220194000000
4.517253000000
5.777969000000
-1.838556000000
-2.861362000000
-4.217457000000
-5.174619000000
-4.818071000000
-3.472266000000
-2.504237000000

19.496320000000
19.412170000000
20.928886000000
21.969407000000
25.646298000000
26.633331000000
25.158963000000
22.671361000000
21.683477000000
22.680528000000
23.572614000000
24.307645000000

26.948982000000
27.859621000000
27.105405000000
27.970482000000
27.520424000000
26.175184000000
26.418194000000
28.642875000000
28.405494000000
26.307659000000
26.533140000000
27.538937000000
29.032080000000

-0.682028000000
-1.284799000000
-1.313656000000
-0.526543000000
-1.356684000000
-0.499894000000
-1.307904000000
-0.444879000000
0.646217000000
1.492680000000
1.097021000000
2.017068000000
3.330494000000
3.724025000000
2.819687000000
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25.604709000000
23.815480000000
24.641850000000
19.202782000000
18.644718000000
16.376782000000
14.341289000000
14.620764000000
16.887187000000
23.621761000000
22.424520000000
23.040288000000

24.385993000000
23.478483000000
22.665475000000
21.796860000000
24.959055000000
23.798175000000
25.117876000000
24.087663000000
22.777709000000
22.056527000000
23.381574000000
20.982492000000
22.048613000000

-0.176082000000
-0.568754000000
-0.214122000000
-0.503908000000
-0.622565000000
-0.541418000000
-0.643828000000
-0.574495000000
0.238956000000
0.678321000000
0.790363000000
1.243680000000
1.591233000000
1.479821000000
1.029899000000
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-0.669977000000
0.720956000000
0.674500000000
1.954025000000
1.973258000000
3.217705000000
3.197384000000
4.510450000000
4.536736000000
6.699683000000
5.828388000000
5.799535000000

-0.914136000000

-4.491114000000

-6.224247000000

-5.579350000000

-3.170077000000

-1.451040000000

-0.029197000000

-1.706950000000

-0.268039000000

22.754291000000
24.335710000000
24.469648000000
26.254819000000
22.733591000000
20.779386000000
24.177019000000
24.829969000000
25.927523000000
24.439623000000
24.519251000000
24.978747000000
24.999031000000
23.010721000000
22.815785000000
22.545428000000
22.358664000000
21.259688000000
22.742191000000
22.660258000000
22.211252000000

-2.672157000000
0.058209000000
0.249709000000

-1.918047000000
-2.124038000000
0.073750000000
0.265421000000
-1.886519000000
-2.067854000000
-1.056483000000
0.117646000000
0.301051000000
1.081656000000
0.072300000000
1.693579000000
4.041546000000
4.748513000000
3.132861000000

-3.362670000000

-3.053479000000

-2.713087000000

16.941863000000
17.088319000000
17.012784000000
16.831512000000
16.648420000000
16.904690000000
16.028254000000
14.634978000000
14.718069000000
14.042550000000
13.904602000000
12.894221000000
14.454123000000
13.807768000000
13.299329000000
13.176304000000
15.195319000000
15.114804000000
15.797687000000
15.926292000000
15.364716000000

197

-1.107361000000
0.444375000000
-1.311327000000
-1.581349000000
0.182139000000
0.413447000000
-1.350459000000
-1.594568000000
0.168990000000
-0.652410000000
0.381611000000
-1.396800000000
0.213291000000
0.516472000000
1.325228000000
1.945619000000
1.746884000000
0.944457000000
-0.515417000000
-1.106374000000
-2.145427000000

17.711105000000
19.842886000000
16.156415000000
18.720821000000
21.342330000000
18.921806000000
14.586896000000
14.568411000000
14.700823000000
15.424607000000
13.252729000000
13.272501000000
12.411925000000
12.994546000000
12.027147000000
13.784727000000
13.015254000000
12.877628000000
12.161310000000
14.328767000000
15.175416000000
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22.192097000000
24.911138000000
23.722710000000
23.514611000000
22.807662000000
24.035364000000
24.138883000000
23.183557000000
25.330019000000
25.183903000000
25.559224000000
26.508290000000
26.727013000000
27.428473000000
26.206241000000
27.061035000000
26.100078000000
27.173303000000
28.625914000000
29.236212000000
28.685205000000
29.218622000000
28.673608000000
30.277652000000
29.107044000000
29.738523000000
29.511208000000
27.657137000000
27.040119000000
27.596914000000
27.057121000000
27.588714000000
25.989693000000
27.466549000000
27.939187000000
28.424679000000
27.045978000000
28.908195000000
29.203172000000
29.840374000000
28.301426000000
29.035798000000
27.437172000000
27.819369000000

16.932209000000
18.728867000000
19.385666000000
18.840788000000
19.307806000000
20.853553000000
21.415434000000
21.309721000000
20.984967000000
20.509821000000
22.053984000000
20.307395000000
20.847456000000
20.371313000000
18.837228000000
18.393728000000
18.259111000000
18.448965000000
18.333859000000
17.817741000000
17.713022000000
19.727748000000
20.202109000000
19.633671000000
20.624017000000
20.198960000000
21.634961000000
20.721915000000
21.234483000000
21.343904000000
19.334445000000
18.858770000000
19.419314000000
15.555432000000
15.918089000000
16.914567000000
15.995090000000
14.865061000000
15.139817000000
14.878313000000
13.458656000000
12.709972000000
13.417416000000
13.097179000000

198

14.333842000000
15.590922000000
14.864311000000
13.916946000000
15.489004000000
14.542040000000
15.497319000000
13.995789000000
13.729714000000
12.733453000000
13.537413000000
14.440279000000
15.389135000000
13.822649000000
14.770625000000
15.320832000000
13.825937000000
18.545937000000
18.058380000000
18.831167000000
17.139702000000
17.799673000000
16.952610000000
17.480364000000
19.040059000000
19.852565000000
18.823166000000
19.532865000000
18.760510000000
20.450365000000
19.800515000000
20.652716000000
20.095310000000
19.342412000000
20.763402000000
20.772846000000
21.424983000000
21.319493000000
22.353833000000
20.711333000000
21.285864000000
21.649509000000
21.986229000000
19.876625000000
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27.333312000000
28.696475000000
26.844487000000
25.917472000000
26.532793000000
22.242084000000
23.444319000000
24.023250000000
24.131902000000
22.966805000000
23.839849000000
22.376672000000
22.093757000000
22.713795000000
21.732581000000
20.908073000000
20.230279000000
20.308690000000
21.377053000000
21.972524000000
20.502882000000
23.060243000000
23.307809000000
24.156416000000
22.431236000000
23.636008000000
22.746623000000
23.832081000000
24.831724000000
25.739481000000
25.038096000000
24.596723000000
25.486412000000
23.754007000000
24.262658000000
24.066859000000
25.141848000000
19.388002000000
19.282570000000
20.249044000000
19.107909000000
18.150382000000
17.176591000000
18.110829000000

12.099106000000
13.023883000000
14.146460000000
14.157655000000
13.862332000000
18.181156000000
19.094950000000
19.269437000000
18.590578000000
20.424707000000
21.065101000000
20.972062000000
20.201804000000
19.742920000000
21.173352000000
19.277400000000
19.777427000000
19.094473000000
17.940003000000
17.392380000000
17.299455000000
15.291354000000
13.949689000000
14.077040000000
13.658974000000
12.831436000000
12.644922000000
11.887239000000
13.201483000000
13.288713000000
12.396344000000
14.536228000000
14.821746000000
14.427307000000
15.659844000000
16.600335000000
15.853081000000
15.932653000000
14.472626000000
13.958697000000
14.432466000000
13.738084000000
14.198705000000
12.682709000000

199

19.873337000000
19.195220000000
19.324544000000
19.940716000000
18.298906000000
22.291682000000
22.596573000000
21.664740000000
23.308845000000
23.196491000000
23.441355000000
22.427121000000
24.438840000000
25.241661000000
24.836400000000
24.132269000000
23.404308000000
25.048559000000
23.538573000000
24.300983000000
23.296614000000
22.581320000000
21.865962000000
21.156846000000
21.252138000000
22.864350000000
23.507108000000
22.314388000000
23.748327000000
23.110102000000
24.483898000000
24.462709000000
25.062265000000
25.181798000000
23.471357000000
24.024224000000
22.814827000000
18.126619000000
18.601328000000
18.405332000000
19.695510000000
17.867645000000
18.148353000000
18.209672000000
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18.317979000000
19.245656000000
17.476549000000
18.418276000000
17.452367000000
18.589798000000
19.545831000000
19.595318000000
20.521927000000
20.082617000000
18.916865000000
18.047257000000
19.187915000000
18.510933000000
19.353925000000
17.651245000000
18.175159000000
17.264407000000
17.925475000000
19.329122000000
20.213732000000
19.054470000000
19.727554000000
18.878350000000
20.588735000000
25.975178000000
26.885910000000
25.770420000000
21.145461000000
20.294677000000
21.297858000000

23.376250000000
22.973354000000

24.638199000000
25.041983000000
26.585247000000
28.339017000000
21.619934000000
22.148936000000
18.454439000000
20.954947000000

1.476767000000

13.806927000000
13.264010000000
13.288702000000
15.260616000000
15.780533000000
15.303417000000
16.005257000000
17.060399000000
15.545367000000
18.585102000000
18.608828000000
18.063146000000
18.085467000000
20.058836000000
20.559119000000
20.065127000000
20.841110000000
20.402359000000
21.893919000000
20.788199000000
21.317977000000
21.319278000000
19.340550000000
18.832767000000
19.316986000000
16.298465000000
16.452827000000
15.211546000000
16.095668000000
16.163905000000
15.029271000000
19.063649000000
14.634501000000
16.639141000000
19.278837000000
18.957697000000
15.572391000000
18.723146000000
15.201409000000
16.463948000000
19.112631000000

0.215406000000

200

16.345088000000
16.054543000000
15.839320000000
15.868634000000
16.058382000000
14.772300000000
16.593587000000
16.255364000000
16.329568000000
19.297726000000
20.298779000000
19.870309000000
21.238444000000
20.608432000000
21.136610000000
21.310712000000
19.332602000000
18.866158000000
19.580739000000
18.323171000000
18.742398000000
17.387931000000
18.004091000000
17.495972000000
17.303407000000
16.959867000000
16.345830000000
17.009338000000
20.544032000000
21.252644000000
20.287501000000
18.625989000000
17.889473000000
13.778048000000
16.548863000000
17.750358000000
18.651477000000
21.546479000000
23.213890000000
18.420706000000
19.743241000000

-0.635028000000
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1.157366000000
-0.107489000000
-0.350697000000

0.733089000000

1.967332000000

2.183052000000

2.704618000000

3.050787000000

2.211532000000

0.939379000000

0.590761000000

3.886411000000

5.805774000000
-0.040875000000

0.531754000000
-0.343542000000
-1.347817000000
-1.737209000000
-1.797572000000
-2.782694000000
-2.068061000000
-0.919685000000

0.638213000000

2.825958000000

4.047476000000

2.569715000000
-0.384586000000

0.751590000000
-0.207912000000

1.461721000000
-0.800099000000
-1.053682000000

0.582225000000
-2.071293000000
-1.154175000000
-1.826905000000
-1.081513000000
-2.814607000000
-1.580959000000
-2.811694000000
-3.792959000000
-2.563526000000
-3.073159000000
-1.329855000000

-1.125047000000
-1.466927000000
-2.752766000000
-3.652721000000
-3.244597000000
-2.015162000000
0.331545000000
1.520780000000
2.640942000000
2.552569000000
1.300501000000
-1.267692000000
-2.218411000000
3.728470000000
4.999005000000
4.023087000000
3.338778000000
-3.108775000000
-4.556737000000
-2.934255000000
-2.150632000000
-0.727960000000
-4.674239000000
-3.936062000000
1.575451000000
3.573111000000
1.172792000000
4.848098000000
5.820145000000
5.333450000000
3.151199000000
4.871391000000
4.295878000000
4.177734000000
3.115598000000
2.449654000000
-4.728251000000
-4.770254000000
-5.288529000000
-1.893441000000
-3.181919000000
-3.606926000000
-2.386365000000
-2.257061000000

201

-0.069440000000
0.432397000000
0.959500000000
0.944720000000
0.421328000000

-0.072813000000
-1.215812000000
-1.746080000000
-1.724915000000
-1.126694000000
-0.579687000000

-1.051704000000

-1.410469000000

-1.047403000000
-1.697712000000
0.440526000000

-1.776530000000
1.509788000000
2.024167000000
0.383847000000
2.678370000000
0.406789000000

1.335069000000
0.400533000000
-2.210786000000

-2.180160000000

-0.091827000000
-2.773839000000

-1.617355000000
-1.195480000000
0.949898000000

0.518427000000
0.986404000000

-1.724023000000

-2.845257000000

-1.319952000000
2.852931000000
2.408809000000
1.220045000000
0.004335000000
0.768573000000

-0.469987000000
3.083455000000
3.498810000000
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-2.072954000000

22.538613000000
23.680079000000
24.507969000000
25.866563000000
22.103088000000
20.475531000000
24.201305000000
23.593423000000
24.257235000000
22.643087000000
23.326733000000
22.858957000000
24.300160000000
22.446648000000
22.310369000000
21.434006000000
23.038571000000
22.362705000000
23.997366000000
23.298418000000
22.334250000000
23.731056000000
25.545093000000
24.751982000000
24.046457000000
24.126342000000
25.696044000000
26.313113000000
25.100099000000
26.621492000000
26.002775000000
27.309201000000
27.416726000000
28.096622000000
28.063534000000
26.483695000000
27.082028000000
25.879077000000
26.637591000000
28.013341000000
28.763752000000

-1.090855000000

18.128686000000
17.442294000000
17.489396000000
17.359670000000
16.015645000000
17.459153000000
16.166922000000
14.903603000000
14.494926000000
15.180020000000
13.820726000000
12.936969000000
13.475343000000
14.340990000000
13.554526000000
14.571414000000
15.610732000000
16.015675000000
15.361078000000
16.692583000000
17.028483000000
17.591682000000
18.822347000000
20.045267000000
19.754922000000
20.433807000000
21.137777000000
21.523493000000
21.996420000000
20.604232000000
20.303416000000
21.400573000000
19.389875000000
19.703985000000
18.987735000000
18.282875000000
17.426664000000
17.900882000000
19.050024000000
19.103594000000
18.595279000000

202

2.354235000000

17.002515000000
19.287047000000
15.952568000000
18.729913000000
19.988092000000
17.820905000000
14.661188000000
15.296960000000
16.085672000000
15.803854000000
14.241565000000
14.725029000000
13.826634000000
13.097930000000
12.326154000000
13.495092000000
12.475383000000
11.692387000000
11.967500000000
13.531819000000
13.970357000000
13.051767000000
15.113169000000
14.631467000000
13.825428000000
15.459212000000
14.110708000000
14.954387000000
13.735835000000
13.011211000000
12.135572000000
12.656666000000
13.505156000000
14.328985000000
12.697204000000
14.019577000000
14.396841000000
13.169605000000
18.562083000000
17.879422000000
18.524366000000
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28.009504000000
28.442973000000
27.741552000000
29.448042000000
28.434464000000
29.227667000000
28.692726000000
27.079487000000
26.296923000000
27.111423000000
26.664352000000
27.390888000000
25.666473000000
27.119646000000
26.798991000000
26.808388000000
25.759058000000
27.767629000000
27.484115000000
28.791318000000
27.790560000000
28.516053000000
26.790206000000
28.127951000000
28.100095000000
29.169607000000
27.171935000000
26.150934000000
27.480627000000
21.399201000000
22.493799000000
23.130952000000
23.164218000000
21.864728000000
22.661005000000
21.299311000000
20.911291000000
21.496572000000
20.446859000000
19.828328000000
19.180226000000
19.166741000000
20.445007000000
21.003761000000

18.555201000000
20.561164000000
21.028717000000
20.589889000000
21.367284000000
20.973504000000
22.428257000000
21.272291000000
21.768522000000
21.815301000000
19.812145000000
19.329324000000
19.761573000000
16.333960000000
16.423315000000
17.479218000000
16.060434000000
15.583117000000
15.646996000000
16.012995000000
14.123605000000
13.533399000000
13.668447000000
14.030288000000
12.973659000000
14.387430000000
14.871018000000
14.433162000000
14.818468000000
16.608151000000
17.147899000000
17.874263000000
16.320855000000
17.805587000000
18.159096000000
18.709065000000
16.845536000000
15.987864000000
17.348127000000
16.311989000000
17.154935000000
15.593817000000
15.641148000000
14.734107000000

203

16.914700000000
17.650287000000
16.922509000000
17.179375000000
18.955629000000
19.630695000000
18.754634000000
19.669887000000
19.052988000000
20.637741000000
19.899690000000
20.589760000000
20.382076000000
19.674075000000
21.180665000000
21.517747000000
21.338439000000
22.022580000000
23.094135000000
21.941014000000
21.554522000000
22.152507000000
21.731749000000
20.062000000000
19.721078000000
19.899640000000
19.203652000000
19.260154000000
18.140178000000
21.610811000000
22.551314000000
22.000489000000
22.869268000000
23.787412000000
24.475289000000
23.464731000000
24.511661000000
24.913409000000
25.385750000000
23.564779000000
23.233877000000
24.092945000000
22.327532000000
22.643589000000
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19.644855000000
22.524611000000
23.098612000000
24.008401000000
22.390572000000
23.460804000000
22.530547000000
23.894766000000
24.431760000000
25.404426000000
24.644101000000
23.879443000000
24.616103000000
22.973213000000
23.506184000000
23.078455000000
24.423594000000
19.209453000000
17.800632000000
17.861762000000
17.363552000000
16.866924000000
16.711878000000
15.869227000000
17.444159000000
17.518395000000
16.761277000000
18.834332000000
18.748402000000
19.269772000000
19.786046000000
20.765628000000
19.976961000000
19.756816000000
18.643271000000
17.711599000000
18.903184000000
18.364621000000
19.277054000000
17.563184000000
17.981557000000
17.012934000000
17.813810000000
19.046148000000

15.294695000000
14.198960000000
13.684077000000
14.278238000000
13.857193000000
12.195058000000
11.601586000000
11.870145000000
11.908588000000
12.405669000000
10.821172000000
12.429600000000
12.271557000000
11.845067000000
13.917787000000
14.240983000000
14.524912000000
17.033140000000
16.669033000000
15.807881000000
17.513209000000
16.313225000000
17.223961000000
16.026595000000
15.205460000000
14.262754000000
14.995836000000
15.592966000000
16.475895000000
14.777039000000
15.939051000000
16.271856000000
15.016731000000
18.744819000000
18.330651000000
18.101097000000
17.409901000000
19.475253000000
19.653285000000
19.175151000000
20.766598000000
20.605757000000
21.591755000000
21.161559000000

204

21.639443000000
20.152604000000
18.818812000000
18.577324000000
17.982778000000
18.891898000000
19.037681000000
17.922757000000
20.043243000000
19.832295000000
20.111135000000
21.374839000000
22.190676000000
21.650586000000
21.302322000000
22.271963000000
21.143927000000
16.511598000000
17.009901000000
17.711410000000
17.576920000000
15.841973000000
15.224000000000
16.235974000000
14.955795000000
15.543463000000
14.105404000000
14.442277000000
13.775537000000
13.828178000000
15.594100000000
15.196374000000
16.186752000000
18.971205000000
19.949648000000
19.393282000000
20.508029000000
20.936770000000
21.550360000000
21.644404000000
20.201756000000
19.675682000000
20.925388000000
19.170498000000
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19.988030000000
18.722259000000
19.348333000000
18.441380000000
20.141906000000
25.827227000000
26.809269000000
25.548743000000
20.626802000000
19.699837000000
20.826255000000

23.121439000000
21.475831000000

25.196885000000
26.182696000000
25.891769000000
28.114654000000
20.808313000000
21.563273000000
19.154924000000
20.661975000000
17.811045000000
17.608632000000
16.392947000000
16.283837000000
17.434335000000
18.624876000000
18.715828000000
19.078129000000
19.374498000000
18.418066000000
17.089773000000
16.800583000000
20.416229000000

22.154571000000

16.038212000000
16.542550000000
15.850934000000
14.684392000000
14.986540000000
15.020287000000
14.828361000000
13.785584000000
15.525700000000

21.440742000000
22.059846000000
20.011929000000
19.794477000000
20.301191000000
16.682386000000
16.726456000000
15.616234000000
15.931781000000
15.679319000000
15.103769000000
19.712244000000
19.501138000000
15.904667000000
19.170830000000
19.576458000000
16.796518000000
17.491862000000
13.676050000000
17.973438000000
19.011506000000
18.655919000000
19.653234000000
19.848439000000
20.801594000000
21.565032000000
21.309600000000
20.368892000000
18.581441000000
17.694859000000
16.820536000000
16.855879000000
17.812521000000
19.702788000000
19.767763000000
15.883710000000
14.436682000000
16.157366000000
16.041933000000
20.925595000000
22.123008000000
19.621424000000
21.088433000000
19.235056000000

205

19.693840000000
18.602971000000
18.200779000000
17.595135000000
17.483683000000
17.004024000000
16.488562000000
17.111705000000
18.857943000000
19.412055000000
18.149044000000
18.864998000000
15.262132000000
14.238907000000
15.952449000000
17.923131000000
19.489640000000
21.283194000000
20.360744000000
15.918243000000
19.565820000000
12.602058000000
13.681400000000
14.349734000000
15.384319000000
15.661060000000
14.972157000000
14.018155000000
12.125319000000
11.159440000000
10.638640000000
11.120562000000
12.111280000000
13.180805000000
11.760188000000
10.576758000000
10.786654000000
9.066100000000
11.288846000000
16.188701000000
17.153312000000
17.009876000000
15.230472000000
14.072716000000
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17.435732000000
19.548942000000
20.419751000000
18.722058000000
15.788038000000
16.694844000000
15.792324000000
17.498113000000
15.494596000000
15.098648000000
16.795278000000
13.962256000000
14.770852000000
14.255268000000
15.168561000000
14.056134000000
15.822191000000
14.759002000000
13.904460000000
15.690066000000
12.850383000000
13.892879000000
13.671060000000

22.680701000000
23.790260000000
24.548568000000
25.940402000000
22.103459000000
20.540619000000
24.229040000000
23.624772000000
24.296912000000
22.679041000000
23.346082000000
22.887689000000
24.313913000000
22.446488000000
22.299733000000
21.439973000000
23.023123000000
22.329538000000
23.969905000000

22.341744000000
21.856699000000
17.701770000000
16.108130000000
17.895004000000
14.223043000000
13.720394000000
14.247992000000
17.192734000000
15.457207000000
16.017018000000
15.310674000000
15.850971000000
17.053917000000
23.079734000000
22.186179000000
22.023807000000
18.731056000000
19.672080000000
19.477070000000
21.177962000000
22.001236000000
20.219390000000

18.102074000000
17.418583000000
17.440308000000
17.262667000000
16.092279000000
17.565543000000
16.158647000000
14.872709000000
14.433578000000
15.127914000000
13.835342000000
12.929566000000
13.512350000000
14.403783000000
13.652972000000
14.611114000000
15.701962000000
16.139405000000
15.477571000000

206

16.435702000000
15.210193000000
10.810004000000

9.858886000000
12.522669000000
11.864135000000
10.394982000000
10.258642000000

8.891696000000

8.649540000000

8.503589000000
10.875232000000
12.377881000000
11.144701000000
16.612870000000
17.695432000000
17.912402000000
16.353298000000
17.621051000000
17.693445000000
15.818859000000
14.610456000000
14.553029000000

17.073119000000
19.348719000000
15.946387000000
18.720312000000
19.966893000000
17.718242000000
14.621389000000
15.212954000000
15.978212000000
15.739627000000
14.115707000000
14.565984000000
13.670819000000
13.010950000000
12.206344000000
13.434389000000
12.433957000000
11.684924000000
11.893097000000
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23.312753000000
22.358271000000
23.749512000000
25.576980000000
24.738231000000
24.021650000000
24.117120000000
25.629316000000
26.249189000000
24.992597000000
26.551435000000
25.927045000000
27.205265000000
27.397338000000
28.078691000000
28.045351000000
26.513664000000
27.148056000000
25.910100000000
26.757456000000
28.115884000000
28.868277000000
28.073214000000
28.576201000000
27.866846000000
29.568502000000
28.623711000000
29.422641000000
28.906354000000
27.285488000000
26.501466000000
27.358124000000
26.836349000000
27.565536000000
25.849267000000
27.169732000000
26.884665000000
26.958813000000
25.829821000000
27.820764000000
27.562966000000
28.866003000000
27.747684000000
28.445813000000

16.737578000000
17.065817000000
17.649190000000
18.787505000000
19.992801000000
19.697345000000
20.347078000000
21.126056000000
21.522015000000
21.965969000000
20.639109000000
20.329629000000
21.462941000000
19.445613000000
19.771543000000
19.081098000000
18.296373000000
17.456370000000
17.907163000000
18.930888000000
18.954437000000
18.420619000000
18.415712000000
20.403107000000
20.896269000000
20.412511000000
21.193512000000
20.768951000000
22.249295000000
21.127703000000
21.652617000000
21.658058000000
19.676784000000
19.166661000000
19.646107000000
16.180185000000
16.279708000000
17.331805000000
15.971820000000
15.384444000000
15.463159000000
15.753465000000
13.927496000000
13.292420000000

207

13.529221000000
13.998984000000
13.076989000000
15.130550000000
14.689578000000
13.894871000000
15.535726000000
14.166132000000
15.003014000000
13.816863000000
13.042126000000
12.173549000000
12.686268000000
13.503514000000
14.321514000000
12.678833000000
14.014474000000
14.369041000000
13.166925000000
18.554423000000
17.837700000000
18.459329000000
16.868409000000
17.611490000000
16.908498000000
17.113531000000
18.925710000000
19.574775000000
18.730442000000
19.674448000000
19.083853000000
20.647078000000
19.898767000000
20.565874000000
20.404956000000
19.632642000000
21.146272000000
21.486907000000
21.322739000000
21.967789000000
23.044797000000
21.865237000000
21.497711000000
22.082130000000
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26.724251000000
28.055392000000
27.962573000000
29.113143000000
27.135824000000
26.092489000000
27.426080000000
21.379006000000
22.465987000000
23.151261000000
23.088684000000
21.824947000000
22.611942000000
21.305609000000
20.812405000000
21.351033000000
20.338006000000
19.741489000000
19.133649000000
19.039833000000
20.371852000000
20.891531000000
19.581675000000
22.449153000000
23.025854000000
23.954732000000
22.333741000000
23.343341000000
22.393617000000
23.782974000000
24.286792000000
25.277338000000
24.464347000000
23.730479000000
24.449393000000
22.802793000000
23.404194000000
22.970299000000
24.342360000000
19.263090000000
17.863720000000
17.949450000000
17.426408000000
16.909615000000

13.534083000000
13.820530000000
12.768542000000
14.118320000000
14.717143000000
14.337757000000
14.650534000000
16.714192000000
17.216420000000
17.908876000000
16.364575000000
17.912793000000
18.243138000000
18.833385000000
16.998784000000
16.126358000000
17.531209000000
16.490729000000
17.351448000000
15.801821000000
15.786364000000
14.864420000000
15.459591000000
14.260485000000
13.719981000000
14.287545000000
13.905919000000
12.221369000000
11.656243000000
11.879326000000
11.911021000000
12.376689000000
10.817918000000
12.455507000000
12.278855000000
11.899991000000
13.953995000000
14.295369000000
14.533021000000
17.092066000000
16.751691000000
15.955701000000
17.636513000000
16.276170000000

208

21.690817000000
19.999731000000
19.656027000000
19.822724000000
19.158175000000
19.227963000000
18.090310000000
21.568939000000
22.538579000000
22.001884000000
22.886826000000
23.747032000000
24.456713000000
23.396515000000
24.450798000000
24.884824000000
25.301618000000
23.476198000000
23.116087000000
23.991383000000
22.264558000000
22.603972000000
21.555657000000
20.141189000000
18.818178000000
18.584219000000
17.971482000000
18.904160000000
19.036720000000
17.943447000000
20.071825000000
19.873624000000
20.147896000000
21.392286000000
22.220039000000
21.656563000000
21.306902000000
22.267711000000
21.160345000000
16.428390000000
16.972275000000
17.744561000000
17.473605000000
15.866603000000
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16.704825000000
15.933282000000
17.495404000000
17.623704000000
16.793328000000
18.853661000000
18.712974000000
19.292231000000
19.831909000000
20.791736000000
20.068937000000
19.802943000000
18.697833000000
17.766156000000
18.969250000000
18.409059000000
19.320594000000
17.612537000000
18.010167000000
17.039653000000
17.839600000000
19.065332000000
20.007598000000
18.732755000000
19.371721000000
18.458865000000
20.149042000000
25.855281000000
26.832877000000
25.556107000000
20.652253000000
19.709078000000
20.823055000000

23.244985000000
21.449193000000

25.216631000000
26.215803000000
26.009762000000
28.181322000000
20.830990000000
21.466981000000
19.191001000000
20.706929000000
17.780629000000

17.123163000000
15.996392000000
15.114175000000
14.229422000000
14.806057000000
15.504207000000
16.333459000000
14.660622000000
15.953563000000
16.279987000000
15.077347000000
18.874021000000
18.486767000000
18.224308000000
17.592797000000
19.665617000000
19.876040000000
19.383656000000
20.924575000000
20.735998000000
21.775313000000
21.288002000000
21.593807000000
22.161486000000
20.102642000000
19.847788000000
20.380009000000
16.601494000000
16.628246000000
15.540518000000
16.060776000000
15.860497000000
15.204724000000
19.699159000000
20.913755000000
15.910309000000
19.132163000000
19.483513000000
16.594593000000
17.619083000000
13.773260000000
18.004435000000
19.171384000000
18.705195000000

209

15.177364000000
16.315295000000
15.060083000000
15.723710000000
14.256450000000
14.469153000000
13.745372000000
13.896217000000
15.559927000000
15.113285000000
16.203407000000
18.833785000000
19.832394000000
19.290940000000
20.426980000000
20.775267000000
21.379920000000
21.495879000000
19.993771000000
19.480136000000
20.686499000000
18.941588000000
19.449166000000
18.341682000000
18.017095000000
17.434736000000
17.276024000000
16.987814000000
16.462875000000
17.091026000000
18.799742000000
19.347443000000
18.118085000000
18.853436000000
15.081260000000
14.173296000000
15.970437000000
17.940244000000
19.425340000000
21.223874000000
20.337789000000
15.793170000000
19.415770000000
12.796719000000
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17.455256000000
16.215299000000
15.990472000000
17.046861000000
18.271588000000
18.477815000000
19.067080000000
19.467014000000
18.601645000000
17.257289000000
16.860017000000
20.259639000000

22.009399000000

16.305377000000
16.911308000000
16.159274000000
14.916127000000
14.678702000000
14.585713000000
14.645215000000
13.477758000000
15.420945000000
16.954107000000
19.140253000000
20.519798000000
18.993729000000
15.829804000000
17.037680000000
16.233841000000
17.897900000000
15.731160000000
15.481722000000
17.134197000000
14.270187000000
14.972512000000
14.415784000000
14.638700000000
13.618324000000
15.392194000000
14.678057000000
13.712343000000
15.507462000000
12.532507000000
13.495445000000

19.686332000000
19.769128000000
20.734001000000
21.626167000000
21.475203000000
20.516767000000
18.736562000000
17.874024000000
16.929583000000
16.859502000000
17.785512000000
20.049668000000
19.877965000000
15.813268000000
14.407918000000
16.078272000000
15.864842000000
20.738052000000
21.944003000000
19.436548000000
20.767330000000
19.061508000000
22.423619000000
22.107181000000
17.969795000000
16.246717000000
17.790510000000
14.200031000000
13.638892000000
14.296604000000
17.083501000000
15.322841000000
16.013676000000
15.081841000000
15.676808000000
16.841013000000
22.905326000000
21.914141000000
21.930630000000
18.532676000000
19.400803000000
19.397103000000
20.764233000000
21.680955000000

210

13.855029000000
14.500503000000
15.505928000000
15.768837000000
15.109101000000
14.193243000000
12.365543000000
11.413276000000
10.858711000000
11.286961000000
12.268953000000
13.349128000000
11.917262000000
10.701243000000
10.928459000000
9.184220000000
11.358381000000
16.295767000000
17.246139000000
17.136005000000
15.325036000000
14.229530000000
16.516424000000
15.346799000000
11.102960000000
10.092062000000
12.643010000000
12.010208000000
10.505502000000
10.437258000000
8.995706000000
8.737270000000
8.661745000000
10.914817000000
12.449880000000
11.197239000000
16.696400000000
17.784993000000
18.006497000000
16.495480000000
17.734465000000
17.832739000000
15.904091000000
14.697122000000
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13.460485000000

1.601827000000
1.261545000000
-0.001385000000
-0.244100000000
0.838693000000
2.074323000000
2.282586000000
2.894673000000
3.301031000000
2.436266000000
1.090112000000
0.690603000000
4.053388000000
4.946612000000
0.079616000000
0.705065000000
-0.436055000000
-1.101676000000
-1.629565000000
-1.684214000000
-2.667672000000
-1.971544000000
-0.806816000000
0.742747000000
2.938959000000
4.367581000000
2.836059000000
-0.345472000000
1.078941000000
-0.060198000000
1.545188000000
-0.930649000000
-1.177997000000
0.394293000000
-1.846917000000
-0.755011000000
-1.615054000000
-0.967519000000
-2.700563000000
-1.466336000000
-2.699969000000

19.886121000000

0.312038000000
-1.041998000000
-1.407869000000
-2.718436000000
-3.617111000000
-3.193246000000
-1.938397000000
0.469854000000
1.664122000000
2.760565000000
2.635660000000
1.372968000000
-1.206362000000
-3.251315000000
3.784813000000
5.064462000000
4.080443000000
3.350477000000
-3.101779000000
-4.568859000000
-2.889476000000
-2.189518000000
-0.661451000000
-4.657093000000
-3.870321000000
1.724249000000
3.706011000000
1.212233000000
4.909055000000
5.864832000000
5.430407000000
3.197363000000
4.903838000000
4.390262000000
4.169379000000
3.122675000000
2.453207000000
-4.769761000000
-4.799512000000
-5.267885000000
-1.835295000000

211

14.653711000000

-0.277413000000
0.214156000000
0.696670000000
1.160052000000
1.100666000000
0.596973000000
0.168813000000
-0.667452000000
-1.125550000000
-1.228156000000
-0.833699000000
-0.347219000000
-0.531910000000
-0.905147000000
-0.906911000000
-1.486155000000
0.521355000000
-1.806459000000
1.689877000000
2.147665000000
0.562936000000
2.891486000000
0.713767000000
1.437300000000
0.504864000000
-1.396531000000
-1.615925000000
-0.021181000000
-2.518203000000
-1.522127000000
-0.862302000000
0.972725000000
0.486462000000
1.187535000000
-1.865107000000
-2.834658000000
-1.407323000000
2.969169000000
2.523588000000
1.315344000000
0.222722000000
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-3.678569000000
-2.439096000000
-2.975089000000
-1.234918000000
-1.987964000000
6.006997000000

-0.634350000000
0.444483000000
-1.630465000000
1.244670000000
2.404244000000
3.254626000000
4.433708000000
5.290748000000
-0.441808000000
-1.228223000000
-2.464810000000
-3.159877000000
-2.654823000000
-1.431749000000
-0.723776000000
0.250448000000
1.635425000000
0.514423000000
2.026762000000
3.039620000000
3.634116000000
2.611464000000
4.048288000000
5.065128000000
6.137147000000
5.715610000000
4.691380000000
0.463001000000
-2.851405000000
-4.118033000000
-3.209113000000
-1.016717000000
0.247098000000
1.215446000000
-0.318803000000
-0.340915000000

-3.156948000000
-3.528957000000
-2.451771000000
-2.318594000000
-1.118809000000
-0.080529000000

-2.398299000000
-2.442759000000
-3.137968000000
-1.217022000000
-1.356736000000
-0.085084000000
-0.183009000000
1.082947000000
-1.496309000000
-1.297198000000
-1.946901000000
-1.711543000000
-0.837651000000
-0.184103000000
-0.406097000000
-3.464108000000
-0.780416000000
-0.458972000000
-1.608318000000
-2.209947000000
0.145934000000
0.778761000000
-0.411466000000
-1.054518000000
0.983143000000
1.313880000000
1.963479000000
-0.994573000000
-2.635231000000
-2.227252000000
-0.665910000000
0.501823000000
0.082656000000
-3.782298000000
-4.333367000000
-3.002304000000
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0.932015000000
-0.313505000000
3.283347000000
3.709974000000
2.606414000000
-0.723759000000

1.606923000000
0.566495000000
1.515081000000
0.270454000000
-0.718066000000
-0.783300000000
-1.754982000000
-1.798547000000
2.632144000000
3.779452000000
4.006878000000
5.202482000000
6.179570000000
5.945744000000
4.760138000000
-0.496767000000
1.216516000000
-0.112346000000
-1.732635000000
-0.396001000000
0.237930000000
-1.068015000000
-2.773910000000
-1.471230000000
-2.508124000000
-0.798937000000
-2.112595000000
2.651792000000
3.247990000000
5.369988000000
7.114719000000
6.700373000000
4.584777000000
-0.933151000000
-0.123948000000
-1.322772000000
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0.052535000000
0.888253000000
0.554632000000
1.368754000000
2.527483000000
2.790521000000
1.993136000000
0.371420000000
-0.320312000000
-1.385630000000
-1.753747000000
-0.991401000000
1.912894000000
2.618047000000
-2.914087000000
-3.599291000000
-3.957975000000
-2.372262000000
1.022560000000
0.824437000000
2.188583000000
-0.266341000000
-0.371352000000
3.225050000000
3.656474000000
-0.000746000000
-1.917694000000
-1.206306000000
-2.898223000000
-4.430234000000
-4.026978000000
-3.523352000000
-4.797990000000
-4.368710000000
-3.202167000000
-1.610677000000
-1.911219000000
0.004010000000
0.561301000000
1.743503000000
2.351320000000
1.955025000000
3.136949000000
-0.472814000000

-3.842375000000
-2.864299000000
-2.385822000000
-1.441268000000
-1.028656000000
-1.529128000000
-2.429744000000
-4.000218000000
-4.886374000000
-5.631671000000
-5.479334000000
-4.569125000000
-2.747636000000
-0.557308000000
-6.242741000000
-7.198032000000
-5.218794000000
-7.064381000000
-0.841815000000
0.682862000000
-1.107097000000
-1.443931000000
-2.734151000000
-0.298865000000
-1.180886000000
-4.992434000000
-6.320882000000
-4.431544000000
-7.965816000000
-7.725900000000
-6.652813000000
-4.511655000000
-5.749492000000
-4.627177000000
-7.623214000000
-7.796671000000
-6.417820000000
0.894696000000
1.142363000000
1.176547000000
-2.195310000000
-0.664389000000
-0.658123000000
-0.986616000000
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5.882801000000
6.619675000000
7.899278000000
8.544834000000
7.846902000000
6.571390000000
5.962656000000
4.572497000000
3.840637000000
4.361515000000
5.712168000000
6.473012000000
3.926648000000
3.424425000000
6.361385000000
5.370029000000
6.865507000000
7.553791000000
9.911767000000
9.737577000000
10.891229000000
10.495919000000
8.370770000000
8.282155000000
5.988363000000
2.793165000000
3.693750000000
7.541163000000
4.984854000000
5.878846000000
4.504695000000
7.599882000000
7.358148000000
6.022729000000
8.032149000000
7.217243000000
8.326776000000
9.021763000000
10.712102000000
9.364418000000
11.028807000000
11.880883000000
10.535167000000
11.483784000000
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-1.143329000000
-0.179555000000
2.197036000000

22.489661000000
24.221868000000
24.297758000000
26.028870000000
22.793399000000
20.560052000000
23.667184000000
24.687082000000
25.642065000000
24.929584000000
24.116185000000
24.862638000000
23.940081000000
22.799151000000
22.385471000000
23.000939000000
21.779154000000
20.843067000000
21.501560000000
22.342551000000
22.492111000000
21.612963000000
25.538689000000
25.646581000000
24.674366000000
25.784736000000
26.746772000000
27.737962000000
26.773902000000
26.522863000000
25.587096000000
27.344778000000
26.392713000000
27.366984000000
26.178060000000
25.301311000000
25.289986000000
24.307700000000
27.388923000000

-1.248425000000
-2.539479000000
-3.764445000000

17.939934000000
16.614571000000
18.020337000000
16.417970000000
16.195173000000
17.177657000000
17.484591000000
16.731112000000
17.291219000000
15.759727000000
16.452879000000
15.897302000000
17.419685000000
15.671389000000
15.495370000000
14.668032000000
16.407798000000
15.817379000000
17.364870000000
16.712019000000
15.768213000000
17.307016000000
19.411808000000
20.461993000000
20.985385000000
19.989586000000
21.492174000000
20.984145000000
22.235250000000
22.187002000000
22.787350000000
22.900694000000
21.157819000000
20.634239000000
21.661325000000
20.111513000000
19.380581000000
20.606248000000
17.674848000000

214

9.846082000000
10.642509000000
1.853653000000

17.867751000000
19.557168000000
16.073168000000
18.247212000000
21.236424000000
19.261301000000
14.378875000000
13.506467000000
13.431242000000
13.988466000000
12.107696000000
11.501785000000
11.584295000000
12.191370000000
11.176149000000
12.629940000000
13.067787000000
13.164018000000
12.571900000000
14.462438000000
15.028279000000
15.046788000000
15.636069000000
16.751592000000
16.813554000000
17.742073000000
16.476872000000
16.478555000000
17.302685000000
15.130242000000
15.185724000000
14.911307000000
14.002569000000
13.875109000000
13.036205000000
14.284331000000
13.453823000000
14.289586000000
18.478133000000



T DT OoO@DITITaorDoxoDaooDn oo aozoDo@DnoaooDaon D o@Dz ao@Dn T OO

28.706727000000
29.178898000000
28.519431000000
29.676056000000
29.248123000000
30.636514000000
29.915010000000
30.441918000000
30.587838000000
28.594302000000
28.111469000000
28.782247000000
27.626007000000
28.048687000000
26.655269000000
26.849862000000
27.383471000000
28.122310000000
26.537394000000
28.016704000000
28.340394000000
28.937627000000
27.055975000000
27.549125000000
26.185047000000
26.553050000000
25.829815000000
27.409149000000
25.896421000000
24.977023000000
25.565006000000
22.499774000000
23.797887000000
24.447046000000
24.358511000000
23.477314000000
24.415982000000
23.021605000000
22.507426000000
23.008509000000
22.259203000000
21.228037000000
20.666855000000
20.555584000000

17.369606000000
16.468636000000
17.132249000000
18.556223000000
19.426138000000
18.310399000000
18.947647000000
18.113867000000
19.828937000000
19.231271000000
20.128452000000
19.475865000000
18.044593000000
17.173973000000
18.285214000000
14.733485000000
14.405691000000
15.167373000000
14.466275000000
13.008924000000
12.799610000000
12.996099000000
11.923317000000
10.928919000000
11.859067000000
12.244466000000
11.474840000000
12.211851000000
13.630165000000
13.638629000000
13.836877000000
17.567242000000
18.218265000000
18.476575000000
17.496527000000
19.469102000000
19.913151000000
20.235574000000
19.158043000000
18.477298000000
20.084662000000
18.484437000000
19.198765000000
18.225862000000

215

17.749333000000
18.198868000000
16.680728000000
17.865767000000
17.317926000000
17.365976000000
19.329804000000
19.846613000000
19.388786000000
20.058000000000
19.608036000000
21.124574000000
19.953390000000
20.500258000000
20.434133000000
18.226036000000
19.635229000000
19.956400000000
20.356971000000
19.703635000000
20.745123000000
19.078423000000
19.207037000000
19.228981000000
19.897255000000
17.795786000000
17.453284000000
17.084726000000
17.731726000000
18.356880000000
16.694017000000
22.463534000000
22.977448000000
22.116753000000
23.607806000000
23.807858000000
24.200676000000
23.141253000000
24.955537000000
25.680233000000
25.514602000000
24.442252000000
23.797933000000
25.286934000000
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21.546782000000
22.025538000000
20.609047000000
23.096441000000
23.312437000000
24.138937000000
22.415601000000
23.672094000000
22.802827000000
23.861009000000
24.889821000000
25.782414000000
25.117051000000
24.659872000000
25.555186000000
23.825196000000
24.311756000000
24.120674000000
25.185048000000
19.272547000000
19.323258000000
20.335658000000
19.158086000000
18.270829000000
17.253818000000
18.347627000000
18.417379000000
19.401470000000
17.640261000000
18.339267000000
17.319041000000
18.493946000000
19.377103000000
19.288510000000
20.396593000000
19.453885000000
18.417926000000
17.699618000000
18.901164000000
17.646979000000
18.358553000000
16.897530000000
16.970963000000
16.180218000000

17.226349000000
16.468966000000
16.770724000000
14.598832000000
13.463106000000
13.765925000000
13.334966000000
12.132673000000
11.772717000000
11.364672000000
12.280090000000
12.535017000000
11.316858000000
13.386724000000
13.515164000000
13.091017000000
14.724476000000
15.488339000000
15.083059000000
16.310179000000
14.774319000000
14.444121000000
14.380529000000
14.189723000000
14.433766000000
13.081992000000
14.747848000000
14.435119000000
14.319330000000
16.278561000000
16.595142000000
16.682173000000
16.882760000000
17.988859000000
16.657992000000
18.307765000000
17.601333000000
17.037226000000
16.859989000000
18.623685000000
19.113329000000
18.097431000000
19.692601000000
19.211478000000

216

23.620141000000
24.278614000000
23.241886000000
22.163604000000
21.142707000000
20.461025000000
20.502753000000
21.816096000000
22.410773000000
21.036360000000
22.735252000000
22.120211000000
23.238139000000
23.768734000000
24.412443000000
24.443267000000
23.100808000000
23.880039000000
22.508922000000
18.176908000000
18.170199000000
17.852736000000
19.193915000000
17.215272000000
17.597319000000
17.210531000000
15.794440000000
15.376884000000
15.127173000000
15.798999000000
16.112940000000
14.775699000000
16.751886000000
16.772321000000
16.377056000000
20.291787000000
21.186139000000
20.551157000000
21.853022000000
22.037231000000
22.739814000000
22.665123000000
21.170365000000
20.551597000000
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16.458219000000
17.983662000000
18.707037000000
17.474342000000
18.757149000000
18.041137000000
19.496135000000
25.508169000000
26.399485000000
24.976310000000
21.116751000000
20.354262000000
21.232847000000

24.012303000000
22.779843000000

23.436211000000
26.511193000000
26.938782000000
27.706762000000
22.005458000000
22.186408000000
18.290784000000
20.162430000000
22.153190000000
22.642618000000
21.480935000000
23.724331000000
23.192654000000
24.324029000000
23.826686000000
24.959563000000
22.467848000000
22.135425000000
21.436104000000
21.196667000000
21.634594000000
22.311721000000
22.556202000000
21.799094000000
24.424946000000
24.325945000000
22.534139000000
22.548960000000
24.984502000000

20.441937000000
20.376696000000
20.961341000000
21.105268000000
19.354214000000
18.830809000000
19.855601000000
16.645302000000
16.732559000000
15.710408000000
15.893734000000
15.712182000000
14.962611000000
19.098973000000
15.529754000000
18.457967000000
18.874807000000
18.570710000000
14.803727000000
18.325603000000
14.386337000000
16.609621000000
18.838680000000
20.975621000000
21.416611000000
19.916069000000
22.440342000000
23.882735000000
24.900942000000
26.336876000000
27.352285000000
21.779907000000
21.632473000000
20.519516000000
20.443787000000
21.453533000000
22.568502000000
22.662513000000
21.118949000000
22.418367000000
22.170075000000
23.912614000000
24.165530000000
24.854831000000
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21.809484000000
20.244555000000
20.856117000000
19.579183000000
19.399674000000
18.728084000000
18.744640000000
16.478629000000
15.824964000000
16.221924000000
20.493582000000
21.276323000000
19.909509000000
19.501324000000
17.731600000000
13.893781000000
15.564699000000
18.000961000000
17.519072000000
21.814629000000
22.768697000000
18.605674000000
20.965402000000
17.784918000000
19.094816000000
17.641185000000
19.241726000000
19.436032000000
19.588788000000
19.781683000000
19.938492000000
16.708440000000
15.354578000000
14.829662000000
13.449901000000
12.577221000000
13.103348000000
14.477185000000
20.281359000000
18.382037000000
20.135811000000
20.330066000000
18.573565000000
18.693210000000
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24.964221000000
23.162388000000
23.185556000000
25.594673000000
24.570764000000
25.620105000000
22.974839000000
21.101968000000
20.657437000000
21.446372000000
22.657073000000
23.094100000000
20.992004000000
21.305149000000
22.385404000000

-1.486647000000
-0.302699000000
-1.818232000000
0.960208000000
0.025133000000
2.224367000000
3.436615000000
4.713479000000
5.923056000000
-2.067727000000
-3.143433000000
-3.812827000000
-4.877320000000
-5.289689000000
-4.621778000000
-3.557773000000
-0.680269000000
1.149930000000
0.689042000000
2.053208000000
2.445554000000
3.618994000000
3.203793000000
4.524847000000
4.938439000000
6.830557000000
6.155435000000

24.609375000000
26.374406000000
26.618419000000
27.112385000000
28.381487000000
27.359117000000
22.642372000000
19.725497000000
19.569833000000
21.376294000000
23.373727000000
23.531700000000
21.885498000000
20.139639000000
21.154203000000

-0.110917000000
-1.080815000000
0.054810000000
-0.481678000000
-1.261604000000
-1.339062000000
-0.637995000000
-1.483488000000
-0.782379000000
0.489370000000
1.396031000000
1.855674000000
2.760529000000
3.217555000000
2.757779000000
1.854945000000
-2.467097000000
0.505221000000
-0.274619000000
-2.301941000000
-1.598346000000
0.324116000000
-0.360563000000
-2.444668000000
-1.760232000000
-1.418667000000
0.164340000000

218

20.451640000000
20.673633000000
18.916790000000
20.817023000000
20.076282000000
19.046017000000
16.922393000000
15.504991000000
13.053543000000
11.496104000000
12.437351000000
14.887615000000
20.362580000000
20.182552000000
21.218878000000

-0.065635000000
0.208278000000
-1.243974000000
-0.435630000000
2.031546000000
-0.378537000000
-0.998130000000
-0.966386000000
-1.586070000000
1.010301000000
1.046882000000
-0.109967000000
0.022189000000
1.284387000000
2.432833000000
2.318664000000
-0.314603000000
0.038708000000
-1.492976000000
-0.905967000000
0.679577000000
-0.467539000000
-2.051314000000
-1.494791000000
0.087896000000
-1.549266000000
-1.054132000000
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5.736585000000
-1.661738000000
-3.489171000000
-5.392274000000
-6.125870000000
-4.930975000000
-3.034633000000

0.136033000000
-1.596623000000
-0.875599000000
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-1.008404000000
-0.085001000000
-2.231719000000
1.401831000000
2.289950000000
3.780894000000
4.692765000000
6.181085000000
-0.409628000000
-0.999066000000
-2.385033000000
-2.888373000000
-2.042300000000
-0.664541000000
-0.146369000000
-0.678387000000
1.763169000000
1.567594000000
2.022197000000
2.094251000000
4.046970000000
3.978728000000
4.420402000000
4.487604000000
6.815326000000
6.486476000000
6.420450000000
0.598176000000
-3.041384000000
-3.969134000000
-2.451337000000
0.017557000000

-0.524754000000
0.234548000000
1.496265000000
3.112567000000
3.927141000000
3.104583000000
1.494462000000

-3.192368000000

-2.836030000000

-2.392710000000

-0.412680000000
-1.260193000000
-0.365501000000
-0.986174000000
-1.903522000000
-1.606688000000
-2.511442000000
-2.212337000000
0.278760000000
1.004600000000
1.280846000000
1.985355000000
2.426937000000
2.159012000000
1.459670000000
-1.844843000000
-1.035678000000
0.069954000000
-1.807232000000
-2.965396000000
-1.707281000000
-0.541878000000
-2.411079000000
-3.573271000000
-2.885298000000
-2.335849000000
-1.168049000000
0.137078000000
0.930469000000
2.190825000000
2.973992000000
2.484289000000

219

-2.649988000000
1.918782000000
-1.093283000000
-0.885178000000
1.374134000000
3.430778000000
3.218561000000
-0.142863000000
0.185063000000
-1.402347000000

0.309472000000
-0.492187000000
0.084469000000
-0.450103000000
-1.296818000000
-1.116643000000
-1.950506000000
-1.765111000000
1.349427000000
2.394298000000
2.474123000000
3.579144000000
4.609864000000
4.524442000000
3.429464000000
-1.736350000000
0.601477000000
-0.778725000000
-2.370928000000
-1.028989000000
-0.039761000000
-1.376666000000
-3.025013000000
-1.687506000000
-2.377166000000
-0.704635000000
-2.057033000000
1.450297000000
1.669776000000
3.630400000000
5.472510000000
5.325013000000
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0.930161000000
-0.193254000000
-1.766135000000
-0.532008000000

0.356330000000
-0.656761000000

1.549353000000
-0.208511000000
-0.139698000000

0.493925000000

1.863464000000

2.404806000000

1.613454000000

0.254733000000
-0.301178000000
-2.119710000000
-0.900375000000

0.869818000000
-1.134440000000

2.475632000000

3.471139000000

2.050416000000
-0.382881000000
-1.369121000000
-2.340196000000
-2.479092000000
-2.727793000000

Radical-ATRP
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-1.240554000000
-0.261084000000
-2.412810000000
1.213158000000
2.244089000000
3.682684000000
4.739759000000
6.173473000000
-0.728452000000
-1.408096000000
-2.774921000000
-3.381480000000
-2.654054000000
-1.293576000000
-0.673756000000

1.233544000000
-2.799608000000
-1.998904000000
-1.147389000000
-2.175760000000
-2.719642000000
-1.999763000000
-3.108426000000
-1.856746000000
-1.220980000000
-0.865681000000
-0.200516000000

0.115730000000
-0.247410000000
-0.908672000000
-2.714439000000
-3.609006000000
-3.244100000000
-2.043621000000
-1.111753000000

0.074137000000

0.638135000000
-0.010119000000
-1.179386000000
-3.362050000000
-1.692000000000
-3.082736000000

-0.476256000000
-1.539485000000
-0.402163000000
-1.068541000000
-1.964694000000
-1.516901000000
-2.371132000000
-1.917080000000
0.293125000000
1.078204000000
1.423696000000
2.177341000000
2.598431000000
2.257873000000
1.505786000000
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3.378876000000
-2.017806000000
-1.614009000000
-2.594527000000

3.127298000000

2.178610000000

2.809244000000

0.931576000000
4.377243000000
5.453745000000
5.456283000000
6.566782000000
7.683362000000
7.683513000000
6.583002000000
2.528190000000
0.240020000000
0.772690000000
4.522434000000
4.581924000000
6.554094000000
8.547566000000
8.548971000000
6.581026000000
3.405918000000
2.778390000000
1.681471000000

0.280887000000
-0.279319000000
-0.098466000000
-0.198128000000
-0.890502000000
-0.616116000000
-1.321877000000
-1.043809000000

1.304072000000

2.251729000000

2.141661000000

3.158986000000

4.284004000000

4.388144000000

3.383680000000
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-0.657225000000
1.525303000000
1.277963000000
2.067115000000
2.125068000000
3.866088000000
3.803630000000
4.547044000000
4.615094000000
6.916125000000
6.403231000000
6.335518000000
0.267830000000

-3.339206000000

-4.446818000000

-3.142089000000

-0.706371000000
0.387833000000

-0.142374000000

-1.749728000000

-0.386209000000
0.401590000000

-0.760533000000
1.569711000000

-0.507107000000
0.107681000000
0.979898000000
2.382942000000
3.180523000000
2.614681000000
1.220624000000
0.410168000000

-2.162615000000

-1.379834000000
0.387223000000

-0.876378000000
2.820446000000
4.270154000000
3.252173000000
0.756738000000

-0.680226000000

-2.320202000000

-2.433617000000

-2.893938000000

-1.853889000000
-0.991345000000
-0.046999000000
-1.977437000000
-3.015525000000
-1.536577000000
-0.452971000000
-2.355853000000
-3.432498000000
-2.554613000000
-1.953933000000
-0.870773000000

0.163856000000
1.088056000000
2.439043000000
3.187823000000
2.572783000000
1.226846000000

-2.766389000000
-2.012162000000
-1.015517000000
-2.393185000000
-2.596669000000
-2.654029000000
-2.840822000000
-1.848585000000
-1.385323000000
-1.574396000000
-1.058852000000
-0.358392000000
-0.173888000000
-0.678927000000
-2.479182000000
-3.367481000000
-3.485167000000
-1.631000000000
-2.119232000000
-1.212447000000

0.040508000000
0.372751000000

-0.524580000000
-3.077792000000
-1.427287000000
-2.814693000000
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-1.728489000000
0.864523000000
-0.634201000000
-1.987177000000
-0.546292000000
0.482195000000
-0.923479000000
-2.418005000000
-1.010673000000
-1.565252000000
0.042029000000
-1.378837000000
1.497742000000
1.264414000000
3.063962000000
5.074642000000
5.264426000000
3.476098000000
-2.085021000000
-1.796169000000
-2.402401000000
2.926382000000
2.056514000000
2.563685000000
0.602556000000
4.173342000000
5.164252000000
5.125977000000
6.158813000000
7.236773000000
7.276121000000
6.253799000000
2.568644000000
0.169329000000
0.481273000000
4.345759000000
4.282353000000
6.115415000000
8.039998000000
8.111641000000
6.282400000000
3.492414000000
2.827251000000
1.810294000000
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1.516162000000
2.605341000000
1.755974000000
3.869439000000
0.245911000000
-0.981017000000
-1.104114000000
-2.373349000000
-3.528004000000
-3.403940000000
-2.145557000000
2.264779000000
4.719691000000
4.061924000000
0.172647000000
-0.201341000000
-2.455171000000
-4.517121000000
-4.296558000000
-2.051905000000
1.773882000000
1.569795000000
3.175757000000

0.154784000000
-0.484014000000
1.018297000000
-0.065578000000
-0.308072000000
0.065326000000
1.039908000000
1.349927000000
0.710182000000
-0.258235000000
-0.579258000000
-1.531641000000
-0.477935000000
0.702772000000
-1.024893000000
1.537450000000
2.110508000000
0.962610000000
-0.771629000000
-1.338322000000
-2.415783000000
-1.137778000000
-1.886111000000

222

0.113850000000
-0.721670000000
0.967357000000
-0.492503000000
-0.161144000000
0.411772000000
1.429871000000
1.941927000000
1.462930000000
0.451097000000
-0.070874000000
-1.750798000000
-1.056963000000
0.271661000000
-0.886720000000
1.800627000000
2.734054000000
1.873650000000
0.061776000000
-0.864180000000
-1.289590000000
-2.523629000000
-2.268485000000
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