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1. General experimental details

Unless otherwise noted, chemicals and anhydrous solvents were purchased from commercial suppliers and
used without further purification. DMF and DMSO was distilled from NaH under reduced pressure, and THF
was distilled from sodium. The LED PR160 series (vmax = 390 nm, 40 W) were used as light sources for
reaction optimization. The product mixtures were analyzed by thin layer chromatography using TLC silica gel
plates (MerckSchuchardt) with fluorescent indicator (A = 254 nm). The purification of the products was
performed by flash column chromatography using silica gel 60 (63-200 pwm) from SANPONT. Infrared (FT-IR)
spectra were recorded on a BRUKER VERTEX 70, vmax in cm™. 'H-NMR spectra were recorded on a
BRUKER AVANCE Il HD (400 MHz) spectrometer. Chemical shifts are reported in ppm from
tetramethylsilane with the solvent resonance as internal standard (CDCls: § 7.26). Data are reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quadruplet, br = broad, m = multiplet),
coupling constants (Hz) and integration. 3C-NMR spectra were recorded on a BRUKER AVANCE Il HD
(100 MHz) spectrometer with complete proton decoupling. Chemical shifts are reported in ppm from
tetramethylsilane with the solvent resonance as the internal standard (CDCls: & 77.16). *°F-NMR spectra were
recorded on a BRUKER AVANCE IlIl HD (376 MHz) spectrometer. Mass spectra were measured with an
Agilent Technologies 6120 Quadrupole LC/MS. High resolution mass spectrometry (HRMS) were measured
with a GCT Premier™ and BRUKER micrOTF-Q Ill. Melting points were measured using INESA WRR and
values are uncorrected. Quantum yield was measured by using Cary 5000 UV-Vis-NIR Spectrophotometer.

2. Reaction parameters survey

2.1 Reaction setups

Figure S1. Reaction setups. 0.2 mmol-scale reactor charged with an ethylene balloon (1 atm)



2.2 Reaction parameters survey
Table S1. Evaluation of hydrogen source 2

TMPDA (2.5 equiv.)

S 9 Me hydrogen source ( 2.0 equiv.) S
(L3« = - (Lo
N & Br CF3CH,OH (0.01 M), hv, r.t. N

Me
1a 1 atm 2a
entry hydrogen source yield (%) °
1 1,4-dihydropyridine 0
2 PhSH 25
3 triisopropylsilanethiol 30
4 tert-dodecylthiol 73
5 Cyclohexa-1,4-diene trace

@ Reaction condition: 1la (0.2 mmol, 1.0 equiv.), hydrogen source (0.4 mmol, 2.0 equiv.) and TMPDA (0.5
mmol, 2.5 equiv.) in CFsCH,OH (20 mL) were irradiated with 40 W 390 nm LED light at r.t. for 6 h under
ethylene (1 atm). *Yields of isolated products.

Table S2. Evaluation of bases 2

base (2.5 equiv.)

s, 9 Me tert-dodecylthiol (2.0 equiv.) S M
@E psMe + F > N/>_\—< )
N & br CF3CH,0H (0.01 M), hv, r.t.
Me
1a 1 atm 2a
entry base yield (%) °
1 2,6-lutidine trace
2 TMEDA 52
3 EtsN 54
4 TMPDA 73

@ Reaction condition: 1a (0.2 mmol, 1.0 equiv.), tert-dodecylthiol (0.4 mmol, 2.0 equiv.), and base (0.5 mmol,
2.5 equiv.) in CF3CH20H (20 mL) were irradiated with 40 W 390 nm LED light at r.t. for 6 h under ethylene
(1 atm). PYields of isolated products.



Table S3. Evaluation of the amount of base 2

TMPDA (x equiv.)

s. 9 Me P tert-dodecylthiol (2.0 equiv.) @ES e
+ = ' /
—S—M
@[N/ AN CF4CH,OH (0.01 M), hv, rt. N>_\—<

O r Me
1a 1 atm 2a
entry equiv. yield (%) °
1 3.0 69
2 2.5 73
3 2.0 71
4 15 68
5 1.0 61

@ Reaction condition: 1a (0.2 mmol, 1.0 equiv.), tert-dodecylthiol (0.4 mmol, 2.0 equiv.), and TMPDA (X
equiv.) in CF3CH2OH (20 mL) were irradiated with 40 W 390 nm LED light at r.t. for 6 h under ethylene (1
atm). ®Yields of isolated products.

Table S4. Evaluation of solvents 2

TMPDA (2.5 equiv.)

S 9 Me tert-dodecylthiol (2.0 equiv.) S M
/>—S—€Me + > Y e
N 5 Br solvent (0.01 M), hv, r.t. N

Me
1a 1 atm 2a
entry solvent yield (%) °
1 CF3;CH,0OH 73
2 MeOH 36
3 CHsCN 43
4 DMSO 33
5 DMF 45
6 CCly4 0
7 DCM 10
8 DCE trace




@ Reaction condition: 1a (0.2 mmol, 1.0 equiv.), tert-dodecylthiol (0.4 mmol, 2.0 equiv.), and TMPDA (0.5
mmol, 2.5 equiv.) in solvent (20 mL) were irradiated with 40 W 390 nm LED light at r.t. for 6 h under
ethylene (1 atm). *Yields of isolated products.

Table S5. Evaluation of concentration 2

TMPDA (2.5 equiv.)

s. 9 Me tert-dodecylthiol (2.0 equiv.) S
O fdie - - - Cl
N o Br CF3CH,OH (x M), hv, r.t. N

Me
1a 1 atm 2a
entry solvent yield (%) °
1 CFsCH,OH (0.1 M) 45
2 CF5CH,0H (0.05 M) 56
3 CF5CH,OH (0.025 M) 60
4 CF5CH,OH (0.01 M) 73

@ Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), tert-dodecylthiol (0.4 mmol, 2.0 equiv.), and TMPDA (0.5
mmol, 2.5 equiv.) in CF3CH20OH were irradiated with 40 W 390 nm LED light at r.t. for 6 h under ethylene (1
atm). ®Yields of isolated products.

3. Preparation of starting materials

The bifunctional reagents were synthesized according to the following procedures:

3.1 Synthesis of bifunctional heteroaryl-alkylating reagents 1

Method A
(NH4)6M07024.4H20 o 1
SH + j'i NaH s>_ 30% H,0, § R
0 R' I
R17>| DMF, 0°C, N, A EtOH LG %
S1 S2 S3
LiIHMDS 0O R
NBS (3 equiv.) g Br
I R2
THF, 0 °C O

Figure S2. Synthetic approaches for bifunctional reagents 1b-1j and 1u



First Step: A dry flask charged with S1 (5 mmol) and NaH (1.18 eq, 5.9 mmol) was evacuated and backfilled
with N for 3 times. DMF (18 mL) was added at 0 °C, and the mixture was stirred for 30 min. Then alkyl
iodide (1.18 eq, 5.9 mmol) was added dropwise with syringe at 0 °C, and the mixture was stirred at rt for 12 h.
After the reaction was complete, the mixture was quenched with H,O at 0 °C. The mixture was extracted with
Et,O for 3 times. Then the organic phase was combined and dried over anhydrous MgSOa.. The solvent was

removed under vacuum to afford the crude product S2 which was used in next step without further purification.

Second step: A solution of S2 in EtOH (18 mL) was treated with (NH4)sM07024°4H20 (0.1 equiv., 0.5 mmol)
followed by ag. H20> (7 equiv., 30 wt.%, 35 mmol) and stirred for 75 h at rt. After the reaction was complete,
the mixture was quenched with saturated ag. Na,S»03 for 1 h. After filtration, the residue was washed with
ethyl acetate. The filtrate was extracted with ethyl acetate for 3 times. Then the organic phase was combined
and dried over anhydrous MgSO.. The solvent was removed under vacuum and the residue was purified by

flash column chromatography on silica gel to provide S3.

Third Step: Sulfone S3 (5 mmol, 1.0 equiv.) and NBS (15 mmol, 3.0 equiv.) were loaded in a dry Schlenk
tube. The flask was evacuated and backfilled with N for 3 times. Then THF (20 mL) was added with syringe.
The mixture was cooled to 0 °C. LIHMDS (1.0 M in THF, 15 mmol, 15 mL, 3.0 equiv.) was added with
syringe in 15 min. The mixture was stirred at 0 °C for 5 h. After the reaction was complete, the mixture was
quenched by saturated ag. NH4Cl. The aqueous layer was extracted with Et,O for 3 times. Then the organic
phase was combined and dried over anhydrous MgSQOs. The solvent was removed under vacuum and the

residue was purified by flash column chromatography on silica gel to provide bifunctional reagent 1.

Method B
LiIHMDS

0]
Q NBS (3 equiv.) O Br SNCl, N, rt n R
ST\ - S Br S H/D

Figure S3. Synthetic approaches for bifunctional reagents 1m-1q

AT

First Step: Sulfone S3 (5 mmol, 1.0 equiv.) and NBS (15 mmol, 3.0 equiv.) were added to a dry Schlenk tube.
The flask was evacuated and backfilled with N for 3 times. Then THF (20 mL) was added with syringe. The
mixture was cooled to 0 °C. LiHMDS (1.0 M in THF, 15 mmol, 15 mL, 3.0 equiv.) was added with syringe in
15 min. The mixture was stirred at 0 °C for 5 h. After the reaction was complete, the mixture was quenched by
saturated ag. NH4Cl. The aqueous layer was extracted with Et,O for 3 times. Then the organic phase was
combined and dried over anhydrous MgSO4. The solvent was removed under vacuum and the residue was

purified by flash column chromatography on silica gel to provide S4.
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Second Step: A dry flask was evacuated and backfilled with N> for 3 times. S4 (0.52 mmol) and SnCl, (0.78
mmol) followed by MeOH/MeOD (1.5 mL) were added at rt. The mixture was stirred for 4 h. The solvent was
removed under vacuum and the residue was purified by flash column chromatography on silica gel to afford

bifunctional reagent 1 .

Method C
PPh3 1 1 eqUIV) NH4)6MO7024.4H20 o) R1
R2  DIAD (1.1 equiv.) 30% H,0, g
SH + 1 = 1l
Ron  THF, 0°C-r >_R EtOH o R
S1 S2 S3
LiIHMDS 0 R!
NBS (3 equiv.) g Br
1] 2
THF, 0°C o R

Figure S4. Synthetic approaches for bifunctional reagents 1k, 1s, 1v and 1w

First Step: A flask was charged with alcohol (10 mmol, 1.0 equiv.), triphenyl phosphine (11 mmol, 1.1 equiv.)
and S1 (11 mmol, 1.1 equiv.). The flask was evacuated and backfilled with N2. Anhydrous THF (0.2 M) was
added, and the mixture was cooled to 0 <C. DIAD (11 mmol, 1.1 equiv.) was added dropwise, and the reaction
mixture was warmed to room temperature and stir overnight. The mixture was concentrated and purified by

flash column chromatography on silica gel to afford thioether S2.
The following second and third steps are same as Method A.

Bifunctional reagent 1a, 1g, 1h, 11, 1r, 1t and 1x are known compounds, which are prepared according to the
reported procedures.! Bifunctional reagent 1b-1f, li-1k, 1m-1q, 1s, 1u-1w are new compounds, which are

synthesized by the above methods.

ol 1b was prepared by Method A, white solid, m.p. 134-135 °C. 'H NMR (400

\©i >—§+Br MHz, CDCls) 6 8.18 (d, J = 9.2 Hz, 1H), 8.02 (d, J = 2.0 Hz, 1H), 7.61 (dd, J =

N O Me 8.8, 2.8 Hz, 1H), 2.26 (s, 6H); 3C NMR (100 MHz, CDCl3) § 162.4, 151.2,

138.8, 134.8, 128.9, 126.6, 121.7, 74.1, 28.2. FT-IR: v (cm™) 2928, 2343, 1820, 1636, 1473, 1234. HRMS [EI]
calcd for C1oH9BrCINO,S; [M]* 352.8947, found 352.8951.

1c was prepared by Method A, white solid, m.p. 123-124 °C. *H NMR (400

Br
\©: />—§—$Br MHz, CDCls) 6 8.19 (d, J = 2.0 Hz, 1H), 8.12 (d, J = 8.8 Hz, 1H), 7.76 (dd, J =

oMe
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8.8, 2.0 Hz, 1H), 2.27 (s, 6H); 1*C NMR (100 MHz, CDCls) & 162.4, 151.5, 139.2, 131.5, 126.9, 124.7, 122.7,
74.1, 28.2. FT-IR: v (cm't) 2988, 2341, 1558, 1457, 1395, 1318. HRMS [EI] calcd for C10HeBraNO,S, [M]*
396.8441, found 396.8450.

~_O O Me 1d was prepared by Method A, white solid, m.p. 121-122 °C. *H NMR

\©: >—s—$Br (400 MHz, CDCl3) 8 8.11 (d, J = 9.2 Hz, 1H), 7.37 (d, J = 2.4 Hz, 1H), 7.22

N O Me (dd, J=9.2, 2.4 Hz, 1H), 4.13 (q, J = 6.8 Hz, 2H), 2.24 (s, 6H), 1.48 (t, J =

6.8 Hz, 3H); *C NMR (100 MHz, CDCls) & 159.4, 157.8, 147.3, 139.9, 126.5, 118.8, 103.6, 74.4, 64.4, 28.3,

14.7. FT-IR: v (em't) 2988, 2901, 2342, 1653, 1648, 1375. HRMS [ESI] calcd for C1,H14BrNNaOsS, [M+Na]*
385.9491, found 385.9485.

1e was prepared by Method A, yellow solid, m.p. 127-128 °C. *H NMR (400 MHz,
/>—§—$Br CDCls) & 7.84 (d, J = 8.4 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 7.45-7.41 (m, 1H), 2.81
(s, 3H), 2.28 (s, 6H); *C NMR (100 MHz, CDCls) & 160.4, 152.6, 137.6, 136.2,
128.4,127.9, 119.4, 74.3, 28.3, 18.3. FT-IR: v (cm™) 2360, 2341, 1829, 1772, 1671,
1250. HRMS [ESI] calcd for C11H12BrNNaO,S; [M+Na]* 355.9385, found 355.9382.

Me

| 1f was prepared by Method A, yellow solid, m.p. 145-146 °C. 'H NMR (400
S. @ Me MHz CDCls) 6 8.12 (d, J = 8.8 Hz, 1H), 7.40 (d, J = 2.8 Hz, 1H), 7.26-7.20 (m,
@:,\?—ﬁ_ﬂ"e 1H), 3.93 (s, 3H), 2.25 (s, 6H); 3C NMR (100 MHz, CDCl3) & 160.1, 158.0, 147.4,
139.9, 126.5, 118.5, 103.0, 74.3, 56.0, 28.3. FT-IR: v (cm™) 3236, 2963, 2471,

1478, 1364, 1230. HRMS [ESI] calcd for C11H12BrNNaOsS; [M+Na]* 371.9334, found 371.9340.

O Et 1i was prepared by Method A, yellow solid, m.p. 132- 133 °C.'H NMR (400 MHz,
©: )—S+Br CDCls) 6 8.30-8.22 (m, 1H), 8.05-7.99 (m, 1H), 7.69-7.57 (m, 2H), 2.65-2.53 (m,

N o E 2H), 2.51-2.40 (m, 2H), 1.22 (t, J = 7.6 Hz, 6H); 3C NMR (100 MHz, CDCl3) &
163.2, 152.6, 137.7, 128.2, 127.6, 125.9, 122.1, 87.3, 29.7, 10.2. FT-IR: v (cm) 3446, 2987, 2360, 1636, 1362,
1318. HRMS [ESI] calcd for C12H14BrNNaO,S; [M+Na]* 369.9542, found 369.9540.

Et 1j was prepared by Method A, yellow solid, m.p. 130- 131 °C. 'H NMR (400

@ />— Br  MHz, CDCl3) & 8.31-8.24 (m, 1H), 8.06-8.01 (m, 1H), 7.70-7.58 (m, 2H), 2.45-

O Me 2.34 (m, 1H), 2.32-2.22 (m, 1H), 2.21 (s, 3H), 1.78-1.54 (m, 2H), 1.03 (t, J = 7.6

Hz, 3H): 3C NMR (100 MHz, CDCl3) § 162.2, 152.8, 137.8, 128.3, 127.7, 125.9, 122.1, 80.7, 39.8, 25.2, 18.7,

13.9. FT-IR: v (cmrl) 2966, 2934, 1724, 1462, 1326, 1311. HRMS [EI] calcd for Ci2H1BINO,S; [M]*
346.9649, found 369.9650.



s O Br 1k was prepared by Method C, white solid, m.p. 155-156 °C.*H NMR (400

©: )—# Me MHz, CDCls) & 8.30-8.25 (m, 1H), 8.06-8.01 (m, 1H), 7.70-7.58 (m, 2H),

N o 7.34-7.28 (m, 2H), 7.25-7.20 (m, 3H), 3.10-2.98 (m, 1H), 2.97-2.84 (m, 1H),

2.80-2.69 (m, 1H), 2.66-2.56 (m, 1H), 2.30 (s, 3H); 3C NMR (100 MHz,

CDCls) 6 162.0, 152.8, 139.7, 137.8, 128.7, 128.5, 128.3, 127.7, 126.6, 125.9, 122.1, 80.1, 39.9, 31.7, 25.5.

FT-IR: v (cm™) 2989, 2932, 1463, 1328, 1298, 1250. HRMS [EI] calcd for C17H16BrNO2S, [M]* 408.9806,
found 408.9812.

s O g 1m was prepared by Method B, yellow solid, d.r.=1:1, m.p. 120-121 °C. *H
©: )—#‘S_\ NMR (400 MHz, CDCls) 6 8.27-8.21 (m, 1H, two isomers), 8.03 (d, J = 7.6 Hz,

N OMe Me 1H, two isomers), 7.70-7.58 (m, 2H, two isomers), 5.50 (d, J = 2.0 Hz, 0.5H, one
isomer), 5.42 (d, J = 2.4 Hz, 0.5H one isomer), 2.65-2.48 (m, 1H, two isomers), 2.12-2.00 (m, 0.5H, one
isomer), 1.55-1.49 (m, 0.5H, one isomer), 1.48-1.36 (m, 1H, two isomers), 1.25 (d, J = 6.4 Hz, 1.5H, one
isomer), 1.19 (d, J = 6.8 Hz, 1.5H, one isomer), 1.04-0.94 (m, 3H, two isomers); 3C NMR (100 MHz, CDCls)
5 164.4 & 164.2 (two isomers), 152.7 (overlap, two isomers), 137.4 & 137.4 (two isomers), 128.3 (overlap,
two isomers), 127.8 (overlap, two isomers), 125.7 & 125.6 (two isomers), 122.3 (overlap, two isomers), 70.6
& 69.7 (two isomers), 35.5 & 34.6 (two isomers), 28.6 & 25.3 (two isomers), 17.6 & 15.7 (two isomers), 11.4
& 11.3 (two isomers). FT-IR: v (cm™), 2960, 2924, 1722, 1530, 1350, 1322. HRMS [EI] calcd for
C12H14BrNO>S; [M]* 346.9649, found 369.9655.

Me 1n was prepared by Method B, white solid, m.p. 122-124 °C. 'H NMR (400

SR 4(—< MHz, CDCls) & 8.29-8.23 (m, 1H), 8.06-8.01 (m, 1H), 7.70-7.58 (m, 2H), 5.35-

©iN/>_('S)' Br Me 5.28 (m, 1H), 2.27-2.13 (m, 2H), 2.05-1.93 (m, 1H), 1.05 (d, J = 6.8 Hz, 3H),

0.94 (d, J = 6.4 Hz, 3H); *C NMR (100 MHz, CDCls) 6 163.0, 152.7, 137.3, 128.3, 127.8, 125.7, 122.3, 63.0,

38.3, 26.0, 23.1, 20.2. FT-IR: v (cm) 2961, 2341, 1716, 1436, 1318, 1251. HRMS [ESI] calcd for
C12H14BrNO>S; [M]* 346.9649, found 346.9652.

s O 1o was prepared by Method B, white solid, m.p. 108-109 °C. 'H NMR
@: )—#Q)Me (400 MHz, CDCls) & 8.27-8.22 (m, 1H), 8.05-8.01 (m, 1H), 7.70-7.58 (m,
N o Br 2H), 5.29 (dd, J = 10.8, 2.8 Hz, 1H), 2.57-2.45 (m, 1H), 2.25-2.10 (m, 1H),
1.80-1.62 (m, 1H), 1.57-1.45 (m, 1H), 1.40-1.20 (m, 8H), 0.93-0.82 (m, 3H); 13C NMR (100 MHz, CDCls) &
163.0, 152.7, 137.3, 128.3, 127.8, 125.7, 122.3, 64.3, 31.6, 30.3, 28.8, 28.4, 26.8, 22.6, 14.1. FT-IR: v (cm™)
2988, 2901, 1671, 1418, 1339, 1250. HRMS [ESI] calcd for CisH20BrNNaO,S; [M+Na]* 412.0011, found

412.0011.
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s O 1p was prepared by Method B, white solid, m.p. 101-102 °C. *H NMR (400
©: )—#Q MHz, CDCl3) & 8.26-8.20 (m, 1H), 8.06-8.00 (m, 1H), 7.70-7.58 (m, 2H),
N o Br Cl 529 (dd, J = 10.8, 3.2 Hz, 1H), 3.57-3.49 (m, 2H), 2.60-2.45 (m, 1H), 2.30-
2.10 (m, 1H), 1.86-1.65 (m, 3H), 1.62-1.42 (m, 3H); **C NMR (100 MHz, CDCls) § 162.8, 152.7, 137.3, 128.4,

127.9, 125.7, 122.4, 63.9, 44.7, 32.0, 30.4, 26.2, 25.8. FT-IR: v (cm™) 2990, 2359, 1645, 1556, 1432, 1311.
HRMS [EI] calcd for C13H1sBrCINO,S; [M]* 394.9416, found 394.9401.

s O 1q was prepared by Method B, white solid, m.p. 101-102 °C. *H NMR (400 MHz,
©: )—#Q CDCl3) 6 8.28-8.23 (m, 1H), 8.07-8.02 (m, 1H), 7.70-7.60 (m, 2H), 5.34 (dd, J =

Noo Br 10.4, 3.6 Hz, 1H), 3.62 (t, J = 6.4 Hz, 2H), 2.80-2.67 (m, 1H), 2.44-2.32 (m, 1H),
2.30-2.18 (m, 1H), 2.10-1.97 (m, 1H); 13C NMR (100 MHz, CDCls) 5 162.6, 152.7, 137.3, 128.4, 127.9, 125.7,
122.3, 63.1, 43.3, 29.7, 28.4. FT-IR: v (cm™) 2988, 2361, 1653, 1473, 1395, 1318. HRMS [ESI] calcd for
C11H1:BrCINNaO,S; [M+Na]* 389.8995, found 389.8989.

s O Br 1s was prepared by Method C, white solid, m.p. 148-149 °C. 'H NMR (400
©: )—#4@ MHz, CDCls) & 8.35-8.27 (m, 1H), 8.09-8.03 (m, 1H), 7.75-7.60 (m, 2H),

N0 7.34-7.22 (m, 4H), 4.51 (d, J = 17.6 Hz, 2H), 3.73 (d, J = 17.6 Hz, 2H); *C
NMR (100 MHz, CDCls) 6 162.4, 152.9, 137.6, 137.4, 128.4, 127.8, 127.8, 125.9, 124.7, 122.2, 80.5, 46.3.
FT-IR: v (cm™) 2998, 2361, 1554, 1415, 1315, 1228. HRMS [ESI] calcd for C16H12BrNNaO-S; [M+Na]*
415.9385, found 415.9384.

s o 1u was prepared by Method A, yellow solid, m.p. 132- 133 °C.*H NMR (400 MHz,

©: />_# CDCls) 6 8.29-8.24 (m, 1H), 8.05-8.00 (m, 1H), 7.68-7.57 (m, 2H), 2.51-2.42 (m,

O Br 2H), 2.37-2.26 (m, 2H), 1.92-1.82 (m, 2H), 1.81-1.67 (m, 3H), 1.34-1.20 (m, 1H);

13C NMR (100 MHz, CDCls) 6 162.2, 152.7, 137.7, 128.2, 127.6, 125.8, 122.1, 84.4, 33.4, 24.3, 22.0. FT-IR: v

(cm) 3503, 2987, 2360, 1558, 1418, 1339. HRMS [ESI] calcd for C13H14BrNNaO,S, [M+Na]* 381.9542,
found 381.9548.

1v was prepared by Method C, white solid, m.p. 128-129 °C. 'H NMR

s>_é0, (400 MHz, CDCls) § 8.25-8.20 (m, 1H), 8.02-7.97 (m, 1H), 7.67-7.55 (m,
N I 2H), 7.30-7.22 (m, 4H), 7.18-7.10 (m, 1H), 3.04-2.88 (m, 3H), 2.50-2.36

(m, 4H), 2.14-1.98 (m, 2H); 13C NMR (100 MHz, CDCls) 5 162.9, 152.6,
143.6, 137.6, 128.5, 128.2, 127.6, 127.0, 126.3, 125.8, 122.1, 815, 38.5, 33.8, 28.9. FT-IR: v (cm'!) 2925,
2866, 1722, 1457, 1330, 1249. HRMS [EI] calcd for C1sH1sBrNO2S, [M]* 434.9962, found 434.9953.
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s O pr 1w was prepared by Method C, white solid, m.p. 168-169 °C.*H NMR (400 MHz,
©: />—§ CDCls) 6 8.26-8.20 (m, 1H), 8.06-8.01 (m, 1H), 7.69-7.59 (m, 2H), 5.37 (d, J = 2.4
Hz, 1H), 2.60- 2.45 (m, 1H), 2.25-2.10 (m, 1H), 1.92-1.77 (m, 2H), 1.76-1.65 (m,
2H), 1.56-1.32 (m, 4H), 1.25-1.11 (m, 1H).; 3C NMR (100 MHz, CDCl3) § 164.3,
152.6, 137.4, 128.2, 127.8, 125.6, 122.3, 70.3, 37.8, 31.5, 28.6, 26.0, 25.5, 25.3. FT-IR: v (cm™) 2988, 2341,
1508, 1419, 1318, 1250. HRMS [ESI] calcd for C14H16BrNO,S, [M]* 372.9806, found 372.9815.

3.2 Synthesis of bifunctional oximino-alkylating reagent 1y

0
o NHs OH P-TsOH 0
Step 1 + H - Bn\O,N X OE
. Cl I EtOH, reflux t
s1
cl
O DMF
L o. A__0
Bn. __N + NCS Bn~ \N)\(
Step2 n 0 %OEt 50 OC n
OEt
s1 S2
cl NaH S)\
Step3 Bn/O\N/)\(O + >—SH - Bn/O\N/)\(O
OFEt OFEt
S2 s3
J\ \
S m-CPBA 0=5
O, = 0] 0. = 0
Step4 Bn N)\f NaHCOj Bn N)\(
OEt OEt
S3 sS4
A Q Ler
W\ . N\
0=5 LIHMDS 0=5
Step5 + NBS >
B O P THF, -30 °C Bn/O\N/)\fO
OEt OEt
S4 1y

Figure S5. Synthetic approaches for bifunctional reagent 1y

Step 1: Glyoxylic acid (100 mmol, 1 equiv.) was dissolved in ethanol. O-Benzylhydroxylamine hydrochloride
(1 equiv.) and p-TsOH (0.1 equiv.) were then added. The mixture was heated at reflux for 5 h. A Dean-Stark

apparatus was then installed above the flask and ethanol was progressively distilled off. After an hour, most of
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the ethanol was removed and heating was stopped. The crude mixture was diluted with DCM. The organic
phase was successively washed with saturated NaHCO3 and the resulting aqueous phase was back-extracted
with DCM. The combined organic extracts were washed with saturated aqueous NaCl, dried over MgSOs,
filtered and concentrated in vacuo. The residue was purified by flash column chromatography on silica gel to
provide S1.

Step 2: A mixture of S1 (60 mmol, 1.0 equiv.) and N-chlorosuccinimide (3.0 equiv.) in DMF was stirred at 50
°C for 2 days. The mixture was diluted with Et;O, washed with brine, dried over MgSOa, filtered and

concentrated in vacuo. Crude S2 was afforded and directly used in the next step without further purification.

Step 3: Isopropy! thiol (30mmol, 1.0 equiv.) was added to a slurry of NaH (1.0 equiv) in DMF at 0 °C. After
being stirred at 0 °C for 30 min, S2 (1.2 equiv.) was added to the reaction mixture at 0 °C. The resulting
reaction mixture was stirred at room temperature for 5 h, treated with NH4ClI (aq), diluted with Et,O, washed
with brine, dried over MgSO4, filtered and concentrated in vacuo. Crude S3 was afforded and directly used in

the next step without further purification.

Step 4: A solution of S3 (20 mmol, 1.0 equiv.) in CH2Cl, was treated with NaHCO3 (3.0 equiv.) and m-CPBA
(3.0 equiv.) at 0 °C. After being stirred at room temperature for 6 h, the reaction mixture was diluted with
CH2Cl,, washed with 10% NazS.03 (ag), NaHCO3 (aq), and brine, dried over MgSOa, and concentrated. The
residue was purified by flash column chromatography on silica gel to provide S4.

Step 5: A solution of S4 (15 mmol, 1.0 equiv.) and NBS (1.2 equiv.) in dry THF was stired at -30 °C, and then
LIHMDS (1.5 equiv.) was added dropwise into the mixture under N,. The resulting reaction mixture was
stirred at -30 °C for 4 h, treated with NH4Cl (aq), diluted with ethyl acetate, washed with brine, dried over
MgSO4 and concentrated. The residue was purified by flash column chromatography on silica gel to give

bifunctional reagent 1y.

1y: yellow solid, m.p. 29-30 °C. *H NMR (400 MHz, CDCl3) & 7.40-7.34 (m,
O ”—éBr 5H), 5.41 (s, 2H), 4.37 (q, J = 7.2 Hz, 2H), 2.06 (s, 6H), 1.37 (t, J = 7.2 Hz,
©/\ CO,Et 3H); 13C NMR (100 MHz, CDCls) 6 159.1, 142.4, 134.5, 129.0, 128.7, 128.7,
80.7, 76.4, 63.6, 28.6, 13.9. FT-IR: v (cm™) 3035, 2995, 2967, 2940, 2901,

1965, 1733, 1565, 1497, 1469. HRMS [ESI] calcd for C14H1s0sBrNSNa [M+Na]* 413.9981, found 413.9983.
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4. General procedures for radical alkylfunctionalization of alkenes

TMPDA
O\\s”o Br tert-dodecylthiol R
X+ Z 4 - 2
R" R CF3;CH,OH, hv
1a-1x 1 atm 2

Procedure A

1 (0.2 mmol, 1.0 equiv.) was loaded in a Schlenk tube charged with a balloon, which was subjected to
evacuation/flushing with ethylene for three times. Then TMPDA (0.5 mmol, 2.5 equiv.), tert-dodecylthiol (0.4
mmol, 2.0 equiv.) and CFsCH>OH (20 mL) were added to the mixture via syringe. The reaction was irradiated
with 40 W 390 nm LED light under gaseous ethylene (1 atm) and stirred at r.t. until the starting material had
been consumed as determined by TLC. The mixture was extracted with ethyl acetate. The combined organic
extracts were washed by brine, dried over Na,SOa, filtered, concentrated, and purified by flash column

chromatography on silica gel (eluent: ethyl acetate/ petroleum ether) to give the corresponding product 2.

O 0 s TMPDA \ R} R
>s7_ _Br R tert-dodecylthiol R .
R?<R2 + >4 > R
R CF5CH,OH, hv
1a 3 4

Procedure B

1 (0.2 mmol, 1.0 equiv.) were loaded in a flask, which was subjected to evacuation/flushing with N for three
times. Then alkene 3 (0.6 mmol, 3.0 equiv.), TMPDA (0.5 mmol, 2.5 equiv.), tert-dodecylthiol (0.4 mmol, 2.0
equiv.) and CF3CH>OH (8 mL) were added to the mixture via syringe, which was irradiated with 40 W 390 nm
LED light and stirred at r.t. until the starting material had been consumed as determined by TLC. The mixture
was extracted with ethyl acetate. The combined organic extracts were washed by brine, dried over NazSOa,
filtered, concentrated, and purified by flash column chromatography on silica gel (eluent: ethyl acetate/

petroleum ether) to give the corresponding product 4.

K,CO 3 1
O\} //O R3 2 ° . R4R R
S Br tert-dodecylthiol
\ ?< 2 7 >: > R?
RUR R DMSO, hv
1y 3 5

Procedure C
1 (0.2 mmol, 1.0 equiv.) were loaded in a flask, which was subjected to evacuation/flushing with N for three
times. Then alkene 3 (0.6 mmol, 3.0 equiv.), k2COs (0.5 mmol, 2.5 equiv.), tert-dodecylthiol (0.6 mmol, 3.0
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equiv.) and DMSO (8 mL) were added to the mixture via syringe, which was irradiated with 40 W 390 nm
LED light and stirred at r.t. until the starting material had been consumed as determined by TLC. The mixture
was extracted with ethyl acetate. The combined organic extracts were washed by brine, dried over Na;SOs,
filtered, concentrated, and purified by flash column chromatography on silica gel (eluent: ethyl acetate/

petroleum ether) to give the corresponding product 5.

o TMPDA R
\\s”O Br tert-dodecylthiol
X + / - R2
R' R? D
DMF/D,0, hv
1a-1c, 1e 1 atm 9

Procedure D

1 (0.2 mmol, 1.0 equiv.) was loaded in a Schlenk tube charged with a balloon, which was subjected to
evacuation/flushing with ethylene for three times. Then TMPDA (0.5 mmol, 2.5 equiv.), tert-dodecylthiol (0.4
mmol, 2.0 equiv.), DMF (18 mL) and DO (2 mL) were added to the mixture via syringe. The reaction was
irradiated with 40 W 390 nm LED light under gaseous ethylene (1 atm) and stirred at r.t. until the starting
material had been consumed as determined by TLC. The mixture was extracted with ethyl acetate. The
combined organic extracts were washed by brine, dried over Na;SQg, filtered, concentrated, and purified by

flash column chromatography on silica gel (eluent: ethyl acetate/ petroleum ether) to give the corresponding

product 9.
s 2a was prepared by Procedure A: 30.0 mg, 73%, yellow oil. Purification by flash
©:N/>—\_<Me column chromatography (eluent: ethyl acetate/petroleum ether = 1/100). *H NMR

Me (400 MHz, CDCls) § 7.96 (d, J = 8.4 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.46-7.41
(m, 1H), 7.36-7.30 (m, 1H), 3.15-3.09 (m, 2H), 1.82-1.65 (m, 3H), 0.98 (d, J = 6.4 Hz, 6H); 13C NMR (100
MHz, CDCls) § 172.6, 153.3, 135.1, 125.9, 124.6, 122.5, 121.5, 38.6, 32.4, 27.8, 22.4. FT-IR: v (cm'%) 2964,
2921, 1654, 1383, 1362, 1240. HRMS [ESI] calcd for C12H1NS [M+H]* 206.0998, found 206.0999.

Cl S 2b was prepared by Procedure A: 33.6 mg, 70%, yellow oil. Purification by
\©iN/>_\_<MG flash column chromatography (eluent: ethyl acetate/petroleum ether = 1/150).

Me 'H NMR (400 MHz, CDCls) § 7.85 (d, J = 8.8 Hz, 1H), 7.80 (d, J = 2.0 Hz,
1H), 7.39 (dd, J = 8.8, 2.0 Hz, 1H), 3.12- 3.07 (m, 2H), 1.90-1.65 (m, 3H), 0.97 (d, J = 6.8 Hz, 6H); *°C NMR
(100 MHz, CDCl3) § 173.1, 151.8, 136.3, 130.5, 126.6, 123.2, 121.1, 38.5, 32.4, 27.8, 22.3. FT-IR: v (cm'l)
2956, 2869, 2360, 1467, 1300, 1235. HRMS [ESI] calcd for C12H1sCINS [M+H]* 240.0608, found 240.0604.

15



S 2c was prepared by Procedure A: 37.5 mg, 66%, yellow oil. Purification by
@i />—\_<Me flash column chromatography (eluent: ethyl acetate/petroleum ether = 1/150).

N Me 'H NMR (400 MHz, CDCls) 6 7.96 (d, J = 2.0 Hz, 1H), 7.80 (d, J = 8.8 Hz, 1H),
7.54 (dd, J = 8.8, 2.0 Hz, 1H), 3.12-3.07 (m, 2H), 1.80-1.62 (m, 3H), 0.98 (d, J = 6.4 Hz, 6H); *C NMR (100
MHz, CDCls) & 173.2, 152.1, 136.8, 129.3, 124.0, 123.6, 118.1, 38.5, 32.4, 27.8, 22.3. FT-IR: v (cm™!) 2955,
2360, 1587, 1435, 1320, 1235. HRMS [EI] calcd for C1oH14BrNS [M]* 283.0025, found 283.0026.

Br

EtO s 2d was prepared by Procedure A: 32.4 mg, 65%, yellow oil. Purification by
\©:N/>_\—<Me flash column chromatography (eluent: ethyl acetate/petroleum ether = 1/150).

Me HNMR (400 MHz, CDCls) & 7.82 (d, J = 8.8 Hz, 1H), 7.29 (d, J = 2.4 Hz,
1H), 7.03 (dd, J = 8.8, 2.4 Hz, 1H), 4.09 (q, J = 6.8 Hz, 2H), 3.10-3.04 (m, 2H), 1.79-1.62 (m, 3H), 1.47-1.42
(m, 3H), 0.97 (d, J = 6.4 Hz, 6H); 1*C NMR (100 MHz, CDCls) & 169.9, 156.6, 147.7, 136.3, 122.8, 115.4,
105.0, 64.1, 38.6, 32.3, 27.8, 22.3, 14.8. FT-IR: v (cm™) 2956, 2340, 1560, 1430, 1278, 1230. HRMS [EI]
calcd for C14H19NOS [M]* 249.1182, found 249.1183.

N/>_\_<Me column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). 'H NMR

Me (400 MHz, CDCl3) § 7.71-7.66 (m, 1H), 7.29-7.22 (m, 2H), 3.19-3.13 (m, 2H), 2.76

(s, 3H), 1.83-1.70 (m, 3H), 1.01 (d, J = 6.4 Hz, 6H); 13C NMR (100 MHz, CDCl3) & 171.4, 152.6, 135.0, 132.4,

126.4, 124.4, 118.9, 38.9, 32.6, 27.9, 22.4, 18.6. FT-IR: v (cm™) 2955, 2360, 1577, 1402, 1263, 1238. HRMS
[ESI] calcd for C13H1sNS [M+H]* 220.1154, found 220.1159.

©:S 2e was prepared by Procedure A: 33.4 mg, 76%, yellow oil. Purification by flash
Me

MeO S 2f was prepared by Procedure A: 31.1 mg, 66%, yellow oil. Purification by
\O:N»_\_é\/'e flash column chromatography (eluent: ethyl acetate/petroleum ether = 1/150).

Ve HNMR (400 MHz, CDCls) 5 7.83 (d, J = 8.8 Hz, 1H), 7.29 (d, J = 2.4 Hz,
1H), 7.04 (dd, J = 8.8, 2.8 Hz, 1H), 3.86 (s, 3H), 3.10-3.04 (m, 2H), 1.79-1.64 (m, 3H), 0.97 (d, J = 6.4 Hz,
6H): 13C NMR (100 MHz, CDCls) § 170.0, 157.3, 147.7, 136.3, 122.9, 114.9, 104.2, 55.8, 38.6, 32.3, 27.8,
22.4. FT-IR: v (cm)) 2955, 2360, 1984, 1385, 1314, 1226. HRMS [ESI] calcd for CisHisNOS [M+H]*
236.1104, found 236.1094.

2g was prepared by Procedure A: 38.9 mg, 83%, yellow oil. Purification by flash

Br
S
\[ />—\_<Me column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). *H NMR
N
Me (400 MHz, CDCls) 8 7.53 (s, 1H), 3.00-2.92 (m, 2H), 1.70-1.60 (m, 3H), 0.94 (d, J =

6.4 Hz, 6H); 3C NMR (100 MHz, CDCls) 4 173.4, 143.3, 107.0, 38.6, 31.9, 27.6, 22.3. FT-IR: v (cm™) 2956,
2341, 1557, 1466, 1385, 1214. HRMS [ESI] calcd for C11H1aNS [M+H]* 192.0841, found 192.0844.
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s 2h was prepared by Procedure A: 28.5 mg, 65%, yellow oil. Purification by flash

©:N/>_\—<M€ column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). 'H NMR

Et (400 MHz, CDCls) 6 7.96 (d, J = 8.4 Hz, 1H), 7.85-7.81 (m, 1H), 7.47-7.41 (m, 1H),

7.37-7.31 (m, 1H), 3.20-3.03 (m, 2H), 1.97-1.85 (m, 1H), 1.76-1.64 (m, 1H), 1.54-1.38 (m, 2H), 1.28-1.18 (m,

1H), 0.96 (d, J = 6.4 Hz, 3H), 0.90 (t, J = 7.6 Hz, 3H); 1*C NMR (100 MHz, CDCls) § 172.7, 153.3, 135.1,

125.9, 124.6, 122.5, 121.5, 36.4, 34.1, 32.2, 29.2, 18.9, 11.3. FT-IR: v (cm) 2959, 2872, 2360, 1794, 1311,
1243. HRMS [ESI] calcd for C13H1gNS [M+H]* 220.1154, found 220.1159.

s 2i was prepared by Procedure A: 21.9 mg, 47%, yellow oil. Purification by flash
©iN/>—\__<Et column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). *H NMR

Et (400 MHz, CDCl3) § 7.97 (d, J = 8.4 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.45 (t, J =
7.6 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 3.14-3.07 (m, 2H), 1.89-1.80 (m, 2H), 1.44-1.24 (m, 5H), 0.89 (t, J = 6.8
Hz, 6H); 13C NMR (100 MHz, CDCl3) § 172.9, 153.3, 135.1, 125.9, 124.6, 122.5, 121.5, 40.0, 32.8, 31.9, 25.1,
10.8. FT-IR: v (cm) 2958, 2360, 1520, 1400, 1321, 1242. HRMS [ESI] calcd for C14H20NS [M+H]* 234.1311,
found 234.1310.

s 2j was prepared by Procedure A: 34.1 mg, 73%, yellow oil. Purification by flash

©: />—\_(7Et column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). *H NMR

N Me (400 MHz, CDCl3) 4 7.96 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.47-7.41

(m, 1H), 7.37-7.31 (m, 1H), 3.24-3.04 (m, 2H), 1.96-1.85 (m, 1H), 1.77-1.51 (m,

1H), 1.40-1.12 (m, 5H), 0.96 (d, J = 6.4 Hz, 3H), 0.92-0.85 (m, 3H); 13C NMR (100 MHz, CDCls) 6 172.7,

153.3, 135.1, 125.9, 124.6, 122.5, 121.5, 39.0, 36.8, 32.3, 32.1, 20.0, 19.4, 14.3. FT-IR: v (cm™) 2956, 2361,
1520, 1378, 1278, 1243. HRMS [ESI] calcd for C14H20NS [M+H]*234.1311, found 234.1313.

s 2k was prepared by Procedure A: 24.8 mg, 42%, yellow oil. Purification by

©: / Me flash column chromatography (eluent: ethyl acetate/petroleum ether = 1/100).

N>_\_§_\ 'H NMR (400 MHz, CDCls) § 7.97 (d, J = 8.4 Hz, 1H), 7.86-7.81 (m, 1H),

Ph 7.48-7.42 (m, 1H), 7.37-7.32 (m, 1H), 7.29-7.23 (m, 2H), 7.20-7.13 (m, 3H),

3.23-3.03 (m, 2H), 2.74-2.54 (m, 2H), 2.05-1.91 (m, 1H), 1.82-1.68 (m, 2H), 1.65-1.45 (m, 2H), 1.04 (d, J =

6.4 Hz, 3H); 13C NMR (100 MHz, CDCls) 6 172.5, 153.3, 142.7, 135.1, 128.3, 128.3, 125.9, 125.7, 124.6,

122.5,121.5, 38.6, 36.7, 33.3, 32.2, 32.0, 19.3. FT-IR: v (cm) 2958, 2361, 1560, 1408, 1340 1209. HRMS [EI]
calcd for C19H21NS [M]* 295.1395, found.295.1393.

2l was prepared by Procedure A: 32.6 mg, 85%, yellow oil. Purification by flash

S
©i />—\_/|V|e column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). *H NMR
N
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(400 MHz, CDCls) 8 7.96 (d, J = 8.4 Hz, 1H), 7.94-7.90 (m, 1H), 7.46-7.40 (m, 1H), 7.36-7.30 (m, 1H), 3.11 (t,
J=7.6 Hz, 2H), 1.94-1.90 (m, 2H), 1.52-1.41 (m, 2H), 0.97 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCls) &
172.4,153.3, 135.1, 125.9, 124.6, 122.5, 121.5, 34.1, 31.8, 22.3, 13.8. FT-IR: v (cm'%) 3064, 2957, 2871, 1456,
1311, 1243. HRMS [ESI] calcd for C11H1aNS [M+H]*192.0841, found 192.0844.

S 2m was prepared by Procedure A: 37.3 mg, 80%, yellow oil. Purification by
©:N/ flash column chromatography (eluent: ethyl acetate/petroleum ether = 1/100). *H

Et NMR (400 MHz, CDCls) § 7.97 (d, J = 8.0 Hz, 1H), 7.84 (d, J = 8.4 Hz, 1H),

Me 7.49-7.41 (m, 1H), 7.37-7.30 (m, 1H), 3.17-3.01 (m, 2H), 1.99-1.77 (m, 2H),

1.50-1.10 (m, 5H), 0.90-0.81 (M, 6H); 3C NMR (100 MHz, CDCls) & 172.5, 153.3, 135.1, 125.8, 124.6, 122.5,

1215, 36.1, 34.7, 34.2, 29.3, 27.4, 19.1, 11.4. FT-IR: v (cm'!) 2958, 2872, 2360, 1456, 1278, 1215. HRMS
[ESI] calcd for CraHaoNS [M+H]* 234.1311, found 234.1313.

Me 2n was prepared by Procedure A: 37.3 mg, 80%, yellow oil. Purification by flash

©:S Me column chromatography (eluent: ethyl acetate/petroleum ether = 1/100). *H NMR
4
N (400 MHz, CDCls) 8 7.97 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.47-7.41

(m, 1H), 7.36-7.31 (m, 1H), 3.11 (t, J = 7.6 Hz, 2H), 1.91-1.77 (m, 2H), 1.61-1.39 (m, 2H), 1.30-1.20 (m, 3H),
0.87 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCls) § 172.4, 153.3, 135.1, 125.8, 124.6, 122.5, 121.5, 38.6,
34.4, 30.0, 27.8, 27.0, 22.6. FT-IR: v (cm) 2952, 2866, 2360, 1558, 1384, 1279. HRMS [ESI] calcd for
Ci14H2oNS [M+H]* 234.1311, found 234.1308.

20 was prepared by Procedure A: 28.8 mg, 55%, yellow oil. Purification by flash

S>_€>Me column chromatography (eluent: ethyl acetate/petroleum ether = 1/100). *H NMR
@ / (400 MHz, CDCl3) § 7.97 (d, J = 8.4 Hz, 1H), 7.86-7.82 (m, 1H), 7.47-7.42 (m, 1H),
N 7.37-7.31 (m, 1H), 3.11 (t, J = 7.6 Hz, 2H), 1.92-1.83 (m, 2H), 1.50-1.20 (m, 14H),
0.92-0.84 (m, 3H); *C NMR (100 MHz, CDCl3) 6 172.5, 153.3, 135.2, 125.9, 124.6, 122.5, 121.5, 34.4, 31.9,

29.7,29.7, 29.6, 29.5, 29.3, 29.2, 22.7, 14.1. FT-IR: v (em) 2955, 2853, 2360, 1521, 1377, 1242. HRMS [EI]
calcd for C16H23NS [M]* 261.1546, found 261.1547.

Cl 2p was prepared by Procedure A: 36.1 mg, 64%, yellow oil. Purification by flash

%_6 column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). *H NMR
@ p (400 MHz, CDCls) 5 7.99-7.94 (m, 1H), 7.85-7.81 (m, 1H), 7.47-7.41 (m, 1H), 7.37-
N 7.31 (m, 1H), 3.51 (t, J = 6.8 Hz, 2H), 3.11 (t, J = 7.6 Hz , 2H), 1.92-1.83 (m, 2H),
1.80-1.71 (m, 2H), 1.49-1.24 (m, 8H); *C NMR (100 MHz, CDCls) 5 172.3, 153.3, 135.1, 125.9, 124.6, 122.5,

1215, 45.1, 34.3, 32.6, 29.6, 29.1, 29.0, 28.7, 26.8. FT-IR: v (cm™) 2926, 2854, 2360, 1595, 1456, 1278.
HRMS [ESI] calcd for C1sH21CINS [M+H]* 282.1078, found 282.1078.
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ol 2q was prepared by Procedure A: 40.1 mg, 79%, yellow oil. Purification by flash

S column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). *H NMR
©iN/>_\\:> (400 MHz, CDCl3) § 7.96 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.47-7.42 (m,
1H), 7.37-7.32 (m, 1H), 3.53 (t, J = 6.4 Hz, 2H), 3.12 (t, J = 7.6 Hz, 2H), 1.96-1.85 (m,

2H), 1.83-1.73 (m, 2H), 1.57-1.41 (m, 4H); 3C NMR (100 MHz, CDCls) & 172.0, 153.3, 135.1, 125.9, 124.7,

122.5, 1215, 45.0, 34.2, 32.4, 29.5, 28.4, 26.6. FT-IR: v (cm') 2932, 2857, 2360, 1595, 1456, 1242. HRMS
[ESI] calcd for C13H17CINS [M+H]* 254.0765, found 254.0761.

S 2r was prepared by Procedure A: 26.3 mg, 74%, yellow oil. Purification by flash
©:N/ Me column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). *H NMR

(400 MHz, CDCl3) § 7.99 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.49-7.43 (m,
1H), 7.38-7.32 (m, 1H), 3.11 (t, J = 7.2 Hz, 2H), 1.99-1.88 (m, 2H), 1.09 (t, J = 7.2 Hz, 3H); 3C NMR (100
MHz, CDCls) § 172.2, 153.3, 135.2, 125.9, 124.6, 122.5, 121.5, 36.3, 23.1, 13.7. FT-IR: v (cmt) 2961, 2929,
1519, 1311, 1279, 1243. HRMS [ESI] calcd for C1oH12NS [M+H]* 178.0685, found 178.0684.

2s was prepared by Procedure A: 30.2 mg, 54%, yellow oil. Purification by

S>_/—<:E> flash column chromatography (eluent: ethyl acetate/petroleum ether = 1/100).
©:N/ IH NMR (400 MHz, CDCls) & 7.97 (d, J = 8.0 Hz, 1H), 7.84 (d, J = 8.0 Hz,
1H), 7.49-7.42 (m, 1H), 7.39-7.31 (m, 1H), 7.23-7.17 (m, 2H), 7.16-7.11 (m, 2H), 3.25-3.18 (m, 2H), 3.13 (dd,
J=15.2, 8.0 Hz, 2H), 2.70 (dd, J = 15.6, 8.4 Hz, 2H), 2.64-2.51 (m, 1H), 2.12 (dd, J = 15.6, 7.2 Hz, 2H); 13C
NMR (100 MHz, CDCls) 6 171.9, 153.3, 143.1, 135.1, 126.2, 125.9, 124.7, 124.4, 122.5, 121.5, 39.7, 39.1,

35.5, 33.2. FT-IR: v (em) 2931, 2360, 1518, 1430, 1359, 1243. HRMS [ESI] calcd for CigH1gsNS [M+H]*
280.1154, found 280.1155.

S 2t was prepared by Procedure A: 24.1 mg, 52%, yellow oil. Purification by flash

©iN/>_\—<:| column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). *H NMR

(400 MHz, CDCls3) 6 7.96 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.47-7.41

(m, 1H), 7.36-7.30 (m, 1H), 3.15-3.09 (m, 2H), 1.94-1.79 (m, 5H), 1.69-1.48 (m, 4H), 1.30-1.10 (m, 2H); *3C

NMR (100 MHz, CDCls) 6 172.6, 153.3, 135.1, 125.9, 124.6, 122.5, 121.5, 39.5, 35.7, 33.5, 32.2, 25.3. FT-IR:

v (cm™) 3063, 2972, 2360, 1595, 1311, 1243. HRMS [ESI] calcd for CisH1sNS [M+H]* 232.1154, found
232.1152.

2u was prepared by Procedure A: 23.6 mg, 48%, yellow oil. Purification by
S
©: P flash column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). *H
N
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NMR (400 MHz, CDCls) § 7.96 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 7.6 Hz, 1H), 7.47-7.41 (m, 1H), 7.37-7.31 (m,
1H), 3.12 (t, J = 8.0 Hz, 2H), 1.85-1.60 (m, 7H), 1.45-1.10 (m, 4H), 1.03-0.75 (m, 2H); *C NMR (100 MHz,
CDCls) § 172.8, 153.3, 135.1, 125.8, 124.6, 122.5, 1215, 37.3, 37.2, 33.1, 31.9, 26.5, 26.2. FT-IR: v (cm)
2920, 2849, 2340, 1558, 1312, 1242. HRMS [ESI] calcd for CisHz0S [M+H]* 246.1311, found 246.1316.

s 2v was prepared by Procedure A: 40.5 mg, 63%, yellow oil. Purification
©: / by flash column chromatography (eluent: ethyl acetate/petroleum ether =

N>_\_<:>7Ph 1/100). *H NMR (400 MHz, CDCl3) 6 7.99 (d, J = 8.0 Hz, 1H), 7.85 (d, J =
8.0 Hz, 1H), 7.49-7.43 (m, 1H), 7.39-7.33 (m, 1H), 7.32-7.25 (m, 2H), 7.24-7.14 (m, 3H), 3.18 (t, J = 8.0 Hz,
2H), 2.56-2.44 (m, 1H), 2.04-1.80 (m, 6H), 1.55-1.41 (m, 3H), 1.30-1.10 (m, 2H); *C NMR (100 MHz, CDCls)
6 172.6, 153.3, 147.5, 135.1, 128.3, 126.8, 125.9, 125.9, 124.6, 122.5, 121.5, 44.4, 37.1, 36.9, 34.1, 33.3, 32.0.
FT-IR: v (cm™) 2928, 2933, 1647, 1543, 1330, 1240. HRMS [EI] calcd for C21H2sNS [M]* 321.1551, found
321.1557.

s 2w was prepared by Procedure A: 30.1 mg, 58%, yellow oil. Purification by
©: / flash column chromatography (eluent: ethyl acetate/petroleum ether = 1/100). *H
N NMR (400 MHz, CDCls) § 7.96 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 7.6 Hz, 1H),
7.47-7.41 (m, 1H), 7.37-7.31 (m, 1H), 3.09 (t, J = 8.0 Hz, 2H), 1.94-1.83 (m, 2H),

1.77-1.60 (m, 5H), 1.40-1.05 (m, 5H), 0.96-0.82 (m, 3H); 13C NMR (100 MHz,

CDCls) 5 172.5, 153.3, 135.2, 125.8, 124.6, 122.5, 121.5, 37.4, 36.9, 34.7, 33.3, 27.2, 26.6, 26.3. FT-IR: v (co
1Y 2929, 2360,1560, 1421, 1338, 1230. HRMS [EI] calcd for C1sH21NS [M]* 259.1395, found 259.1396.

Me 2x was prepared by Procedure A: 31.6 mg, 82% yellow oil. Purification by flash

©is 5 column chromatography (eluent: ethyl acetate/petroleum ether = 1/100). 'H NMR
/
N (400 MHz, CDCls) 8 7.99-7.94 (m, 1H), 7.85-7.81 (m, 1H), 7.47-7.41 (m, 1H), 7.36-

7.30 (m, 1H), 3.11 (t, J = 7.6 Hz, 2H), 1.91-1.82 (m, 2H), 1.52-1.41 (m, 1H), 1.00-0.94 (m, 3H); 1*C NMR
(100 MHz, CDCls) 8 172.4, 153.3, 135.2, 125.9, 124.6, 122.5, 121.5, 34.0, 31.7, 21.9 (t, Jc.o = 19.3 Hz), 13.7.
FT-IR: v (cm) 3063, 2954, 2360, 1519, 1378, 1276. HRMS [ESI] calcd for C11H13DNS [M+H]* 193.0904,
found 193.0900.

s Me  4a was prepared by Procedure B: 43.5 mg, 93%, yellow oil. Purification by flash
©:N/>—<;<Me column chromatography (eluent: ethyl acetate/petroleum ether = 1/100). *H NMR
Me (400 MHz, CDCls) 5 7.99 (d, J = 8.4 Hz, 1H), 7.87-7.83 (m, 1H), 7.47-7.41 (m, 1H),

7.37-7.31 (m, 1H), 3.24-3.12 (m, 1H), 1.87-1.71 (m, 3H), 1.63-1.49 (m, 2H), 0.96-0.85 (m, 9H); 3C NMR
(100 MHz, CDCl3) & 177.2, 153.0, 134.7, 125.7, 124.5, 122.6, 121.5, 45.4, 44.9, 29.9, 25.7, 23.2, 22.0, 11.9.
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FT-IR: v (cm™) 2957, 2870, 1437, 1366, 1254, 1239. HRMS [ESI] calcd for CisH20NS [M+H]* 234.1311,
found 234.1309.

s Me 4b was prepared by Procedure B: 26.6 mg, 57%, yellow oil. Purification by flash

©: />—KM_e<Me column chromatography (eluent: ethyl acetate/petroleum ether = 1/40). *H NMR

N e (400 MHz, CDCls) & 8.02-7.97 (m, 1H), 7.87-7.83 (m, 1H), 7.47-7.41 (m, 1H),

7.36-7.30 (m, 1H), 1.80 (d, J = 5.6 Hz, 2H), 1.75-1.65 (m, 1H), 1.51 (s, 6H), 0.80 (d,

J = 6.4 Hz, 6H); °C NMR (100 MHz, CDCls) & 181.7, 153.2, 135.0, 125.7, 124.5, 122.7, 121.4, 52.9, 41.7,

29.3, 25.1, 24.5. FT-IR: v (cm™?) 2957, 2360, 1437, 1311, 1285, 1244. HRMS [ESI] calcd for Ci1sH2oNS
[M+H]*234.1311, found 234. 1314.

Me 4c was prepared by Procedure B: 40.6 mg, 82%, yellow oil. Purification by flash

S column chromatography (eluent: ethyl acetate/petroleum ether = 1/100). 'H NMR
©:N/>_<:;Me (400 MHz, CDCl3) & 8.01-7.96 (m, 1H), 7.87-7.82 (m, 1H), 7.47-7.41 (m, 1H),
Me 7.37-7.30 (m, 1H), 3.33-3.23 (m, 1H), 1.81-1.68 (m, 3H), 1.62-1.47 (m, 2H), 1.40-

1.20 (m, 2H), 0.94 (d, J = 6.0 Hz, 3H), 0.92-0.85 (m, 6H); **C NMR (100 MHz, CDCls) & 177.4, 153.0, 134.7,

125.7, 1245, 122.6, 121.5, 45.8, 43.1, 39.2, 25.7, 23.2, 22.0, 20.5, 14.0. FT-IR: v (cm'*) 2955, 2869, 2360,
1437, 1310, 1247. HRMS [ESI] calcd for Ci1sH22NS [M+H]* 248.1467, found 248.1470.

s Me 4d was prepared by Procedure B: 22.3 mg, 45%, yellow oil. Purification by flash

©: />7<;<Me column chromatography (eluent: ethyl acetate/petroleum ether = 1/100). 'H NMR

N Me o (400 MHz, CDCls) & 8.00 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.47-7.40

(m, 1H), 7.36-7.30 (m, 1H), 2.00-1.83 (m, 2H), 1.82-1.65 (m, 3H), 1.50 (s, 3H),

0.87 (d, J = 6.4 Hz, 3H), 0.81 (t, J = 7.6 Hz, 3H), 0.69 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCls) &

181.0, 153.1, 135.0, 125.6, 124.4, 122.7, 121.4, 51.7, 45.2, 36.5, 25.0, 24.8, 24.2, 23.6, 8.6. FT-IR: v (cm™)
2958, 2360, 1435, 1320, 1245, 1240. HRMS [EI] calcd for C1sH21NS [M]*247.1395, found 247.1391.

4e was prepared by Procedure B: 32.7 mg, 66%, yellow oil. Purification by flash

Me
S Me  column chromatography (eluent: ethyl acetate/petroleum ether = 1/40). 'H NMR
©:N/ Me (400 MHz, CDCls3) 6 7.99 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.48-7.41

Me (M, 1H), 7.37-7.31 (m, 1H), 3.10-2.96 (m, 1H), 2.06-1.94 (m, 1H), 1.85-1.74 (m,
1H), 1.70-1.56 (m, 1H), 1.49-1.35 (m, 1H), 1.04 (d, J = 6.8 Hz, 3H), 0.91 (d, J = 6.4 Hz, 3H), 0.90 (d, J = 6.8
Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H): 3C NMR (100 MHz, CDCls) § 176.1, 153.0, 134.7, 125.7, 124.5, 122.6,
1215, 49.9, 42,5, 34.0, 25.9, 23.8, 21.4, 20.6, 20.6. FT-IR: v (cm!) 2960, 2360, 1438, 1410, 1340, 1238.
HRMS [ESI] calcd for CisHzNS [M +H]* 248.1467, found 248.1469.
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Bn 5a was prepared by Procedure C: 42.2 mg, 76%, Z/E ratio 1.5, yellow oil.

N Purification by flash column chromatography (eluent: ethyl acetate/petroleum ether =

Etozc)l\/\(Me 1/100). Major isomer: *H NMR (400 MHz, CDCls) & 7.49-7.28 (m, 5H), 5.30 (s,

Me  2H), 4.33(q, J = 7.2 Hz, 2H), 2.70-2.40 (m, 2H), 1.60-1.48 (m, 1H), 1.45-1.25 (m,

5H), 0.90 (d, J = 6.8 Hz, 6H); 3C NMR (100 MHz, CDCls) & 163.7, 153.8, 136.8, 128.4, 128.1, 128.1, 61.7,

34.8, 31.4, 30.2, 28.2, 23.9, 22.3, 14.2. FT-IR: v (cm™) 2959, 2924, 1718, 1496, 1314, 1258. HRMS [ESI]
calcd for C16H23NO3Na [M+Na]* 300.1570, found.300.1567.

Bn 5b was prepared by Procedure C: 52.5 mg, 86%, Z/E ratio 1.5, yellow oil.

N/O Purification by flash column chromatography (eluent: ethyl acetate/petroleum ether

E1O.C l Me = 1/100). Major isomer: *H NMR (400 MHz, CDCl3) & 7.40-7.29 (m, 5H), 5.24 (s,
2

" Me 2H), 4.29 (q, J = 7.2 Hz, 2H), 3.40-3.26 (m, 1H), 1.79-1.65 (m, 2H), 1.60-1.41 (m,

© 3H), 1.34 (t, J = 7.2 Hz, 3H), 0.86-0.80 (m, 9H); 1*C NMR (100 MHz, CDCls) &

163.6, 155.8, 136.8, 128.4, 128.3, 128.1, 76.7, 61.4, 41.2, 37.4, 26.5, 25.6, 23.4, 22.1, 14.2, 12.3. FT-IR: v (cn
1y 2956, 2923, 1717, 1558, 1313, 1241. HRMS [EI] calcd for C1sH27NOs [M]* 305.1985, found.305.1986.

I|3n 5¢ was prepared by Procedure C: 43.9 mg, 72%, Z/E ratio 1.5, yellow oil.
N’O Purification by flash column chromatography (eluent: ethyl acetate/petroleum ether =
| Me

Me 1/100). Major isomer: H NMR (400 MHz, CDCls) & 7.40-7.27 (m, 5H), 5.10 (s,

Ve Mo  2H). 430 (q,J =72 Hz, 2H), 1.70-159 (m, 1H), 1.44-1.37 (m, 2H), 1.36-1.27 (m,
3H), 1.14 (s, 6H), 0.85 (d, J = 6.4 Hz, 6H); 3C NMR (100 MHz, CDCls) & 164.2, 159.5, 137.8, 128.2, 127.8,
1275, 76.0, 61.0, 48.8, 38.9, 26.4, 24.7, 24.6, 14.2. FT-IR: v (cm'}) 2956, 2924, 1698, 1455, 1384, 1277.
HRMS [ESI] calcd for CisH27NOsNa [M+Na]* 328.1883, found.328.1881.

S 6 was prepared by Procedure B: 41.1 mg, 88%, yellow oil. Purification by flash
@[N/>_<:/7 column chromatography (eluent: ethyl acetate/petroleum ether = 1/150). *H NMR
(400 MHz, CDCl3) 6 7.99 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.48-7.41 (m, 1H), 7.37-7.31 (m, 1H),
3.16-3.02 (m, 1H), 1.90-1.70 (m, 4H), 1.40-1.10 (m, 6H), 0.96-0.82 (m, 4H); 3C NMR (100 MHz, CDCls) &

176.1, 152.0, 133.7, 124.7, 123.5, 121.6, 120.5, 46.1, 34.8, 28.5, 28.4, 21.6, 12.9, 10.9. FT-IR: v (cm™) 2957,
2928, 1714, 1595, 1378, 1278. HRMS [EI] calcd for C1oH19NS [M]* 233.1238, found 233.1240.

EtO,C

s 9a was prepared by Procedure D: 23.1 mg, 56%, yellow oil. Purification
©:N/>_\—£g (85% D) by flash column chromatography (eluent: ethyl acetate/petroleum ether =
Me ° 1/100).'H NMR (400 MHz, CDCls) 6 7.96 (d, J = 8.0 Hz, 1H), 7.83 (dd,

J=8.0,0.4 Hz, 1H), 7.48-7.41 (m, 1H), 7.37-7.31 (m, 1H), 3.16-3.09 (m, 2H), 1.77 (t, J = 8.0 Hz, 2.15H, 0.85
D), 0.97 (s, 6H); *C NMR (100 MHz, CDCl3) & 172.7, 153.3, 135.1, 125.9, 124.6, 122.5, 121.5, 38.5, 32.4,
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27.3 (t, Jo.p = 19.0 Hz), 22.2. FT-IR: v (cm')) 2956, 2930, 1556, 1440, 1285, 1240. HRMS [ESI] calcd for
C12H1sDNS [M+H]* 207.1061, found 207.1065.

s 9b was prepared by Procedure D: 28.6 mg, 65%, yellow oil.

N/>_\—g§) (60% D) Purification by flash column chromatography (eluent: ethyl

Me Me acetate/petroleum ether = 1/100). *H NMR (400 MHz, CDCls) & 7.74-

7.66 (m, 1H), 7.30-7.22 (m, 2H), 3.20-3.12 (m, 2H), 2.76 (s, 3H), 1.79

(t, J=8.0 Hz, 2.20 H, 0.80 D), 1.00 (s, 6H); 33C NMR (100 MHz, CDCls3) & 171.5, 152.6, 135.0, 132.4, 126.4,

124.4, 118.9, 38.8, 32.5, 27.4 (t, Jc.o = 19.3 Hz), 22.3, 18.6. FT-IR: v (cm™*) 2956, 2934, 1536, 1330, 1242.
HRMS [ESI] calcd for C13H17DNS [M+H]*221.1217, found 221.1210.

Cl S 9c was prepared by Procedure D: 20.7mg, 43%, yellow oil.
\Q:NMS Purification by flash column chromatography (eluent: ethyl acetate
Ve 2% D) petroleum ether = 1/150). *H NMR (400 MHz, CDCly) 5 7.85 (d, J

= 8.8 Hz, 1H), 7.80 (d, J = 2.0 Hz, 1H), 7.39 (dd, J = 8.8, 2.0 Hz, 1H), 3.13- 3.06 (m, 2H), 1.76 (t, J = 8.0 Hz,
2.15 H, 0.85 D), 0.97 (s, 6H); *C NMR (100 MHz, CDCls) § 173.2, 151.8, 136.3, 130.5, 126.6, 123.2, 121.1,
38.4, 32.3, 27.3 (t, Je.o = 19.2 Hz), 22.2. FT-IR: v 2956, 2925, 1592, 1385, 1266, 1231. (cm't) HRMS [ESI]

calcd for C12H14CIDNS [M+H]* 241.0671, found 241.0674.

S 9d was prepared by Procedure D: 30.8 mg, 54%, yellow oil.
@: Me Purification by flash column chromatography (eluent: ethyl acetate

N MZ (90% D) jpetroleum ether = 1/150). 'H NMR (400 MHz, CDCl3) & 7.96 (d, J
= 2.0 Hz, 1H), 7.80 (d, J = 8.8 Hz, 1H), 7.54 (dd, J = 8.8, 2.0 Hz, 1H), 3.13-3.05 (m, 2H), 1.78 (t, J = 7.6 Hz,
2.10 H, 0.90 D), 0.99 (s, 6H); 3C NMR (100 MHz, CDCl3) § 173.3, 152.1, 136.8, 129.3, 124.0, 123.6, 118.1,
38.4, 32.3, 27.3 (t, Jc.o = 19.2 Hz), 22.2. FT-IR: v (cm!) 2956, 2925, 2140, 1518, 1385, 1267. HRMS [EI]
calcd for C12H13BrDNS [M]* 284.0088, found 284.0089.

5.Transformation of compound 6

5.1 Hydrolysis of compound 6
) Me;OBF,4, DCM, 4A M.S.

s O B standard 26584 megzm o
r o
I conditions giNQOg3, Ve 2
/>—S_/ NN ——— >—<:/7 >
N8
H (o)
1r 6, 88%,12 h 7,66%
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A mixture of 6 (0.5 mmol), activated 4 A molecular sieves powders (750 mg), and anhydrous DCM (5 mL)
were stirred at r.t. for 10 min, and then Me3OBF4 (1.25 mmol) was added. After stirred at r.t. for 2 h, another
batch of Me;OBF4 (1.25 mmol) was added to the suspension, which was continued to react until starting
material was fully consumed as determined by TLC. The reaction was concentrated without filtering off the
molecular sieves to give the crude N-methylbenzothiazolium salt. The residue was re-dissolve in MeOH (1.0
mL), which was then cooled to 0 T and added NaBH,4 (0.75 mmol). Another batch of NaBH4 (0.5 mmol) was
added to the reaction until the starting material had been consumed as determined by TLC. The mixture was
diluted with acetone, filtered through a pad of Celite, and concentrated to give the crude benzothiazolines. To a
vigorously stirred solution of the crude benzothiazolines in CHCl, (1.5 mL) and CHsCN (7.5 mL) were added
H20 (1.0 mL) followed by AgNOs (1.5 mmol). The mixture was stirred at r.t. (monitored by TLC), and then
diluted with 1 M phosphate buffer at pH = 7 (0.1 mL). After stirred for 15 min, the reaction mixture was
diluted with 1 M phosphate buffer at pH = 7 (5.0 mL) and partially concentrated to remove CH3sCN. The
suspension was extracted with EtOAc, and the combined organic layers were dried over Na,SO,, filtered
through a pad of Celite, and concentrated. The residue was purified by flash column chromatography on silica
gel to afford product 7.

7: 46.9 mg, 66%, yellow oil. Purification by flash column chromatography (eluent: ethyl acetate

Ipetroleum ether = 1/80). *H NMR (400 MHz, CDCls) 6 9.57 (d, J = 3.6 Hz, 1H), 2.22-2.12 (m,

1H), 1.74-1.40 (m, 4H), 1.36-1.20 (m, 4H), 0.95-0.87 (m, 6H); 3C NMR (100 MHz, CDCl3) &

H™ "0 205.7,53.4,29.2,28.2,22.7,21.8, 13.9, 11.4. FT-IR: v (cm™®) 2931, 2861, 1725, 1460, 1381, 1228.
HRMS [EI] calcd for CoH150 [M]* 142.1358, found 142.1358.

5.2 Synthesis of thioester 8

O
TBADT
4y Pho_~_? + S —0— Ph\/\/\s
CH3CN,hV
H o 8, 90%

To an 4 mL vial equipped with a magnetic stir bar was added the corresponding sulfur powder (0.1 mmol, 1.0
equiv.), TBADT (2 mol%) and acetonitrile (1 mL). The resulting mixture was cooled to 0 °C using an ice-
water bath, and bubbled with an argon balloon for 10 min. Alkene (0.1 mmol, 1.0 equiv.) and aldehyde 7 (0.15
mmol, 1.5 equiv.) was then added. Then the reactor was placed at a 40 W 390 nm LED, stirred and irradiated
at room temperature for 24 h under argon atmosphere. The reaction mixture was quenched by removing from
the light source. The solvent was removed under reduced pressure and the residue was purified by flash

column chromatography on silica gel to give the corresponding product 8.
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] 8: 26.3 mg, 90%, yellow oil. Purification by flash column chromatography

Ph~g (eluent: ethyl acetate/petroleum ether = 1/100). 'H NMR (400 MHz, CDCls)

§ 7.29-7.22 (m, 2H), 7.20-7.12 (m, 3H), 2.89 (t, J = 7.2 Hz, 2H), 2.62 (t, J =

7.2 Hz, 2H), 2.50-2.40 (m, 1H), 1.75-1.57 (m, 6H), 1.53-1.39 (m, 2H), 1.35-1.20 (m, 4H), 0.93-0.84 (m, 6H);

13C NMR (100 MHz, CDCls)  203.6, 142.2, 128.4, 128.3, 125.8, 56.2, 35.4, 32.4, 30.5, 29.5, 29.3, 28.4, 26.1,

22.7, 14.0, 11.8. FT-IR: v (cm™) 2959, 1683, 1496, 1401, 1380, 1261. HRMS [EI] calcd for C1gH250S [M]*
292.1861, found 292.1863.

6. Mechanistic Studies

6.1 Cyclic voltammograms of TMPDA

All voltammograms were taken at room temperature using a saturated calomel (SCE) reference electrode, a
mesh platinum (Pt) counter electrode, and a glassy carbon working electrode. The conditions of the
experiments were the following: an acetonitrile solution of 100 mM tetrabutylammonium hexafluorophosphate
(NBu4PF6) and 3 mM TMPDA, a scan rate of 0.1 V/s, and a negative initial scan direction. The reported
potentials were averages over segments, and were taken at half-height of the cathodic peaks (Ep/2) of TMPDA,
since all reductions were nonreversible. To convert the potentials from SCE to Fc/Fc+ reference, 380 mV were
subtracted from the measured values. The positive peaks on the return sweep of most substrates were thought
to signify an ECE-type mechanism.
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" I » I J I y I > I , I x I
0.0 0.2 0.4 06 08 1.0 1.2 1.4

Potential(V. vs.SCE)

Fig. S6 Cyclic voltammogram of TMPDA in CH3;CN
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6.2 Light on/off experiments
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Figure S7. Time profile of the light on/off experiments
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6.3 Quantum yield measurements

Determination of the light intensity at 390 nm

According to the procedure of Yoon 2 the photon flux of the LED (Amax = 390 nm) was determined, by
standard ferrioxalate actinometry. A 0.15 M solution of ferrioxalate was prepared by dissolving potassium
ferrioxalate hydrate (0.737 g) in H,SOs (10 mL of a 0.05 M solution). A buffered solution of 1,10-
phenanthroline was prepared by dissolving 1,10-phenanthroline (5.0 mg) and sodium acetate (1.13 g) in H2SO4
(5.0 mL of a 0.5 M solution). Both solutions were stored in the dark. To determine the photon flux of the LED,
the ferrioxalate solution (3.0 mL) was placed in a cuvette and irradiated for 90 seconds at Amax = 390 nm.
After irradiation, the phenanthroline solution (0.525 mL) was added to the cuvette and the mixture was
allowed to stir in the dark for 1 h to allow the ferrous ions to completely coordinate to the phenanthroline. The
absorbance of the solution was measured at 510 nm. The same procedure was repeated two more times. A
nonirradiated sample was also prepared and the absorbance at 510 nm was measured. The average of the
absorption of the irradiated and non-irradiated samples was determined and used to calculate the generated
amount of Fe(ll) according to the Lambert-Beer law (equation 1),
mol Fe2* = (V x AA)/ (Ix €) (1)

mol Fe?*=[3.525x103 Lx(1.815-0.327)]/ (1 cm % 11100 L mol-*cm) =4.725x10"" mol
V is the total volume (0.003525 L) of the solution after addition of phenanthroline, AA is the difference in
absorbance at 510 nm between the irradiated and non-irradiated solutions, 1 is the path length (1.00 cm), and €
is the molar absorptivity of the ferrioxalate actinometer at 510 nm (11,100 Lmol-1cm-1).2 The photon flux can
be calculated according (equation 2)
photo flux = mol Fe?*/ (® x t x f) 2

photo flux = 4.725x107 / (1.13 >90 x1) = 4.651 <10 einstein s *
Where ® is the quantum yield for the ferrioxalate actinometer (1.13 at A = 390 nm) “ is the irradiation time (90
s), and f is the fraction of light absorbed at 390 nm by the ferrioxalate actinometer. This value is calculated
using equation 3 where Asg nm IS the absorbance of the ferrioxalate solution at 390 nm. An absorption
spectrum gave an Aasgonm Value of >3, indicating that the fraction of absorbed light (f) is 1 (f > 0.999)..
f=1-10-A390nm 3)

Determination of the reaction quantum yield

S 9 Br S
©: />—§ Me + =~ standard conditions / Me
N o Me » N

Me

1a (0.1 mmol) 1 atm 2a
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The reaction mixture was stirred and irradiated by blue LED (Amax = 390 nm) for 1800 s. The yield of product
was determined by *H NMR analysis using 1,3,5-Trimethoxybenzene as an internal standard. The yield of 3a
was determined to be 23.0% (0.023 = 10-* mol of 3a). The reaction quantum yield (®) was determined using
equation 4 where the photon flux is 4.651 <10 einsteins s (determined by actinometry as described above),
t is the reaction time (1800 s) and f is the fraction of incident light absorbed by the catalyst, determined using
(equation 3).
Quantum Yield = moles of product formed/ (flux xf xt) (4)
=0.023 x103/(4.651 x10° =1 %1800) = 2.7

6.4 Radical trapping experiment

6.4.1 TEMPO was used as a radical scavenger

S Br S Me

00 standard conditions
\ /7 .
No ¥ Me + TEMPO (2.0 equiv.) Q\N
Q’/ \fMe + / > we
H
1a 1 atm 2a 0%

la (0.2mmol, 1.0 equiv.) and TEMPO (0.4 mmol, 2.0 equiv.) were loaded were loaded in a Schlenk tube with
a balloon, which was subjected to evacuation/flushing with ethylene for three times and aerated with ethylene
gas in the balloon. Then, TMPDA (0.5mmol, 2.5 equiv.), tert-dodecylthiol (0.4 mmol, 2.0 equiv.), and
CF3CH20H (20 mL) were added to the mixture via syringe, which was irradiated with 40 W 390 nm LED light
and stirred at r.t. for 6 h.. The mixture was extracted with ethyl acetate. The combined organic extracts were

washed by brine, dried over Na;SQy, filtered, concentrated.

6.4.2 BHT was used as a radical scavenger

0 O standard conditions N \\S// Me
\// . t
N_ 8. Me + BHT (2.0 equiv.) = Me BY
Y \|4Me + 4 > 2a 0% + 2/ \Ol4
S Br
Bu Me
1a 1 atm 10

la (0.2mmol, 1.0equiv.) and BHT (0.4 mmol, 2.0equiv.) were loaded were loaded in a Schlenk tube with a
balloon, which was subjected to evacuation/flushing with ethylene for three times and aerated with ethylene
gas in the balloon. Then, TMPDA (0.5mmol, 2.5equiv.), tert-dodecylthiol (0.4 mmol, 2.0equiv.), and
CFsCH20H (20 mL) were added to the mixture via syringe, which was irradiated with 40 W 390 nm LED light
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and stirred at r.t. for 6h.. The mixture was extracted with ethyl acetate. The combined organic extracts were
washed by brine, dried over Na SOy, filtered, concentrated.

The crude product was subjected to HR-MS measurements. MS calcd for C24H3:NO3S; (10) [M]* 459.1902,
found 459.1921.

Figure S8. HRMS analysis of trapping adduct 10
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Value
Bruker BicSpin GazbH

CDC13
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|
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1 Origin |
2 Solvent|

3 Temperature

288.1

4 Nusber of Scans

5 Spectrometer Fraguency £00. 13

1H

& Nucleus

Cl

/_/

Br
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1q

Cx
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Lo’
Noy
VEQ'L

=i0'z

=86'0
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660
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8Liez"

9Lz Er—
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LZL9L
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Value
Bruker BioSpin GzbH

CDC13

Parameter

1 0rigin

2 Solvent

298.1

3 Tezperature

4 Nusber of Scans

5 Spectrometer Frequency 100. 62

13C

€ Fucleus

Cl

o

s 0
#3
]

1q
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30

40

80

T T T T
170 160 150 140

T
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1 (ppm)
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1 Origin

2 Splvent

STempezatu‘n i
4 Number nf Se

2
|
5 Spectrometer Fraquéncy 400. 13 -

6 Nucleus

S Il
7%
NoO B
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(' er BioSpin GzbH -
3

|
‘Izz {

1H

1s

3713

_230{ -
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& {1.00]
2,03
4,00

T T
7.8 7.0 6.5 6.0 8.5 5.0 4.5 4.0

10.0 9.5 8.0 8.5 ] 3 3.0 2.8 2.0 -0.5
f1 (ppm)
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2 Solvent €c13
3 Tesperaturs 298.1
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5 Spectrometer Frequency 100.62
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s_9
-3
N 0 Br
1s
I
I
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A it " iy LT L W e A "
T T T T T T T T T T T T T T T T T T T T
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257 81
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=
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2 Selvent

2882

3 Temperature
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5 Spectrometer Frequency 400.15

1H
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O B,

s

P

N

i
5
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0

1u

=10°L

FYO'E
0T
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=p0'2
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T
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£1 (ppm)

5.0
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Faraseter

Bruker BioSpan GmbH

CDC13

10rigin

2 Solvent

288.2

3 Teaperature

4 Number of Scans

5 Spectrometer Frequeney 100. 82

13C

& Nucleus
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T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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-
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4.0
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2.0
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£1 (ppm)
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85 8E~
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€80Tl
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LLG'LTL
80Z'8ZL
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LLgLel—

SLa'erl—
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lue
Bruker BioSpin GmbH

spect

CDC13

Va!

Parameter

1 Origin

2 Spectrometer

3 Solvent

288.1
5 Spectrometer Frequency 100. 62

4 Temperature

13C

& Nucleus

r

-10

T T T T T T T T T T T T
200 180 180 7o 160 150 140 130 120 110 100 90
£1 (ppm)

T
210
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Bruker BioSpin GmbH

CDC13

2 Splvent

298.1

3 Tezperature

4 Number of Scans

5 Spectromster Frequency 400. 15

8 Nucleus

1H

o B
&
]

o

S
N

Tw

Agy
S0'L
fmc.v r
902
Hrw_u.m
S0'L
ch.r

Feot|

Wwo.m
00°L |
ch._.

0.5

0.0

4.5
f1 (ppm)

5.0

5.8

9.5

L0.0
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505'5Z
hmm.mw%
LG5'8C
LGP LE
omm.hm\.

LOS 0L,
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0t Ll
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POL LT~
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6T9°CG—

LPE AL —

Value
Bruker BioSpin GmbH

CDC13

Parameter

1 0rigin

2 Solvent

298.1

3 Tezperature

4 Number of Scans

5 Spectrometer Frequemecy 100.82

13C

& Nucleus

O Br

8

[u]

w

-10

130 120 lll}l} 90
f1 (ppm)
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Parameter Value
1 Origin Brukpr BioSpin Gmbt
2 Solvent cnclj
3 Temperature 298.
4 Number of Scans 2
5 Spectrometer Frequency400.[15
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N O 9 B
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COEt
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5014 —

s L L 4
S =N =N >N
o — ) o
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
o ©® moww
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- < WoNKN COW® 0 ~ =
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Parameter Value
1 0rigin Bruker BioSpin Gmbt
2 Solvent CDC13

3 Temperature
4 Number of Scans

298.2
10

5 Spectrometer Frequencyl00.61

6 Nucleus 13C
N O B
07 ey !
COEt
Ty

T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0o -10
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Farameter Value

1 0rigin
2 Solvent { | eocasf |
3 Temperature e zs;a.QJl !
4 Nuzber of Scans 2

5 Spectrometer Frequency 400. 13

& Nucleus 1H

Bruker BioSpin GabH

3.135
3116
3.085

L
\

—

2,00+

3.00]

PO S B

16.01-=

9.5

90 8.5

172.608
153.263

Parazeter Value

Bruker BioSpin GmbH
CDC13

288.1

100

5 Spectrometer Frequency 100.81

13C

1 0rigin

2 Solvent

3 Tempszatuze

4 Nuzber of Scans

& Nucleus

—135.120

125.858
124.604

+-122.480
N\

/

121.471

77.381
77.064
76.746

L
\

,_.
o
=
o

38632
—32.398
_-27.807
/22.355

0.5

0.0

210

T T T T
200 80 180 170 160

150

T
140

T
130

T T
110 100
£1 (ppm)

T
120
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Farazeter Value
1 Origin Bruker BaoSpin GmbH i
2 Solwent CDC13 / |
3 Temperature 208.2 l.r f
4 ¥umber of Scans [ 4 | | J
5 Spectrometer Frafhency 400. 13 J I
& Nucleus 1H
Cl s
\@ !/ M
M
Me
2b i
1
I I I
|
N‘ I | k_ﬂ_,L_J L |
R Y T iy T
< < o (s ] (=]
L] ] S =]
(== =] (3] ™ w
T T T T T T T T T T T T T T T T T T T T T T T
0o 85 90 &5 80 T5 T0 65 60 G55 45 4 35 30 25 20 1.5 L0 05 00 -05 -L0
f1 (ppm)
~ [1e] @ ) 0 0 WO
s (=) O Oy ~— 00 W~ O W ®m oD —
= @ AT OO IO = T O ooy
© = COo W — Qe )
- w [ NN e Mol el = I~ O 00 P~y
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Farazster Value
1 Origin Bruker BicSpin GabH
2 Solvent o3
3 Temperature 2981
4 Number of Scans 100
5 Spectrometer Frequency 100. 62
& ¥ucleus 13C
I
I
Cl s
Lo
N
Ivle
Zb
I
I
| 1
T T T T T T T T T T T T T T T T T T i T T T
210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o

f1 (ppm)
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7.964
7.959
7.812
7.790
7.550
7.545
7.528
7.523
7.2680

J

‘\@

Parameter
1 Origin
2 Solwent ‘r I
3 Temperature) |
4 Nusber of Scans

Value
Eruker BioSpin GabH
€DC13
J 2881

2

5 Spectrometer Frequency 400. 13

8 Fucleus

3115

3.099
3.096
3.075
1.777
1.757
1.754
1.738

{

h——

1.03-

16.05=

s
:

2.00=

=71.004

173.217

152.145
—136.808

~129.324
A124.017
123,583
~118.128

Parazeter
1 0rigin
2 Solvent
3 Temperature
4 Nusber of Scans

5 Spectrometer Frequemcy 100.82

& Nucleus

Value
Bruker BioSpin GmbH
CDC13
298.2
100

13C

T
6.0

5.5

T
50
jal

0.5

H
o
-
o

4.‘ 5
(ppm)

77,340
77.022
78.705
\ag 468
32281
27789
22323

L
At

0.0

T
190

T
160

T T T
150 140 130

T
120

T
110

T
100

£l (ppm)
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Parameter Value )
1 Origin Bruker BioSpin GmbH { ‘I
2 Solvent CIC13 .I If’ I‘I
3Tempermture | | 298.2 | | |
4 Fushet of Scams | 2 | J Il J
5 Spectrometer Frequenmcy 400. 13
8 Nucleus 1H

e
2d
I [
T L T T T Tt
o =~ o © © [ ] o™
S @ o e @ o S S
— (=T o — ™M m o
T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.8 2.0 4.5 4.0 3.9 3.0 2.5 2.0 1.5 L0 0.5 0.0 -5 -LO0O
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Farameter Value
1 0rigin Bruker BioSpin GabH
2 Solvent CDC13
3 Temperature 300.3
4 Nuzker of Scans 1024
5 Spectrometer Frequency 100. 62
& Fucleus 13C
Et0 g |
N
Me
2d
1
I H | ‘ 1
| | 1 |
| [ L . -
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 30 20 10 o
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e
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Parazeter Value
10rigin Bruker BicSpin GambH
2 Solvent ce13
3 Tezperaturs 298.1
4 Nusber of Scans 100
5 Spectrometer Frequency 100. 52
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e
N
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2e
I | | T
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Parameter Value
1 Origin Bruker BicSpin Gab
2 Solvent coc13 l
3 Temperature 298.2
4 ¥usber of Scans 4 [
5 Spectrometer Frequenct 400.13 | | |
8 Nucleus 1H
el s
T
N
Ile
2f

Lao6e
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—

3.011

i L f
o o = -
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2 Solvent D13
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4 Kuzber of Scans 100
5 Spectrometer Frequency 100.62
6 Fucleus 13C
Med S
\(:E P e
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e
2f
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=76.01=
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Farameter Value
|
1 Origin Bruker BioSpin GmbH |
2 Solvent CDC13 |
3 Temperature 2881 | |
4 ¥usber of Scans | 2 |
5 Spectrometer Frequency 400.13
& Kucleus H
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\E P fle
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i 1
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3 Temperature 298.3
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Value
Biruker BioSpin GmbH
CDC13
206.8

1H

gL
gz8'L
e’ L
Sre'L
F&6'L
SL6'L

5 Spectrometer Frequency 400. 15

1 Origin
2 Solvent

3 Tezperature

4 Nuzber of Scans
8 Nucleus

=zoel
Looe

o'k
ko0zl
FEO'L
FrO'L

Froz

Z0'L
“zoh
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FooL|
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9.0
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Value

Farameter

Bruker BioSpin GmbH

@C13

1 0rigin

2 Solvent

3 Temperaturs

4 Number of Scans

5 Spectrometer Frequency 100.62

13C

8 ¥ucleus

Et

Zh

T
200

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)
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3 Temperaturs 298.2
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f1 (ppm)
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Parazeter Value
1 Origin Bruker BioSpin GabH
2 Solvent coc13
3 Temperature 298.2
4 Nusber of Scans 1024
5 Spectrometer Frequency 100.61
8 Nucleus 13C
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r
|

Parameter [

Briker BicSpin GmbH
cnc13

10rigin

2 Splvent

3 Temperature

4 Nuzher of Scans

5 Spectrometer Frequency 400. 13

1H

& Nucleus

Et

Me

2j

]

TL0E
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FL0'S
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=L0°)
L 1l
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f1 (ppm)
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Value

Parameter

Bruker BioSpin GmbH

CDC13

1 Origin

2 Solvent

286.2
20

5 Spectrometer Frequemcy 100.82

3 Temperature

4 Number of Scans

13C

& Nucleus

Et

Me

2j
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T T T T T T T T T
190 180 170 160 150 140 130 120 1o
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200

T
210

1 (ppm)
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Parameter

5 Spectrometer Frequency £00. 15
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2 Solvent

3 Temperature

4 Nuzber of Scans
& Nucleus
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+Z0'El
Fooz[
eoz
L0

Fooz

Froz

S00E
80
%s._. L
£0'k
660
ook

0.0

0.5

4.5 4.0 3.5 30 25 2.0 L5

5.0

5.5

f1 (ppm)

Ore'6l—

Le0'ze
06}°2¢
BLEEL,
DB@Q\\
029'8¢

60482
NNG.EW
pre il

Seviclh
r0s°zzl
SPOVETl~
0L9°5C1
L6B8'SCL
0zesel
ope'8zl
5Z1L'5EL
L88'ZPL
B9TLE—

SSPEZil—

Ph

Value
Bruker BioSpin GmbH

€DC13
288.2
1024

5 Spectrozeter Frequency 100.61
13C
2k

Parameter

2 Solvent
3 Temperature
4 Nusher of Scans

1 Origin
& Nucleus

-10

150 140 130 120 110 100
f1 (ppm)

160

200 180 180

210



092 L7
80¢' 41
Le'iq
SIAYA
Eld s
GPE L

IR |
oby 2§

vEy L
LEP L]

mmqi
gsv'L
el1e
pLe L
£68'L 1
e8]
756' L

Value
Bruker BicSpin GmbH

CDC13
2882

1H

|
|
|
21

Farameter
[
|
eratude
[

Ber of Stans
5 Spectrometer Frequency 400.13

Ident
6 Fucleus

=

1 0rigin
2

3 Tés

4 ¥ual

6]

BLLEL—
eLeee—

Z8L7LE~
090 ve—

OpL'9L
hmc.RW
SLTLL

mhv._‘m_‘
mmv.mm_‘)./.
809wl -7
mmm.mm_‘\.

Epl'SEL—

£8Cesl—

L Zil—

-10

g0

100
£l (ppm)
59

110

120

130

Value
Bruker BioSpin GmbH

CDC13

140

2898.1
100

5 Spectrometer Frequency 100.61
13C

21
160 150

Parameter

170

1 Origin
2 Solvent

3 Tezperature

4 Nusber of Scana
6 Nucleus

180 180

200

210



-

Value
Bruker BioSpin GmbH

[epcasf |

Parsmeter

1 0rigin

2 Solvent

294 4/

3 Temperature

4 ¥uzber of Scans

5 Spectrometer Frequency 400.13

1H

& Nucleus

Zm

J L_J—

+G0'9

[eos

Fzoz

Feoz

140}
Skl
/860
0L

-L0

-0.5

15 Lo 0.5 0.0

2.0

9.5

0.0

89eLL—
80161
mhm.hm./
ZTe'BL
BBL'E
169'PC
080'9¢—

eLLBL
fmo.hhw
BFLLL

mhq._‘mf
mmq.waV
Em.vmfw
£rB'STlL

EPLGel—

PST'ESL—

EOVCLL—

Valus
Bruker BicSpin GambH

CDC13
100

4 Spectrometer Freguency 100. 82

Farameter

1 Origin

2 Solvent

3 Number of Scans

13C

5 Kucleus

Zm

B

JR—

=
=
1
=]
(=1
=
[=1
8
=
2
=1
2
[=1
8
2
=
e
[=]
8
2
B o
[= Ry
g
- ©
L2
(=1
=
2
[=1
=)
=1
=
=1
5
g
(=1
2
2
2
8
[=1
5
=]
=
3
8
[=1
=1
g
=
=
8



£98'07
088 01
022 1
752 11
8Ly |1
ezp |
8zt |1
s
Spb' L
Bbb 1A —_
5P 14 .
zor' L

L5l _
8rs 't

595}

ove't

098t

8.8}

z60'e

zhh'e —
lel'e

0sg'L
Sled
8leL
9eeL
€584
95¢'L
0er L
gZrL
(U]
err L
851 L
Loyl
LZB'L
LB
9564
9i6'L

Value
Bruker BioSpin GzbH

Farameter
?E Scans

Spectfopeter Frequency 400.13

10rigin
2 Solvent
3 Temperature
4 Nusber,

6 Nucleus

|
I

1H

he
Me

=
il

n

J&o.w
=g
602

k_‘o.w

=€0T

=£0'L
ool
/660
=00'L

-L0

0.5

0.0

96572~
99692~
L8 Lz,
696'67/
- 86€'pE~"
et 065'86~

0.5

0r0°LL

e mmn.wnW
8GE"LL

3.5

4.5 4.0
f1 (ppm)

2.0

5.9

L9FLEL
mmw,mm_]/r
- mmm”wm_\.\.
< 588521

6el SEl—

n 29Z'e5l—

5 W all—

Valus
Bruker BioSpin GazbH

CDC13

Parameter

1 Origin

2 Selvent

298.2
100

5 Spectrometer Fraquency 100. 62

3 Tezperature

4 ¥umher of Scans

13C

B Nucleus

Me

S, Me

n

120

140

40 30 20 0

50

61

100
f1 (ppm)

130 110

190 180 170 160 150

200



LS80
G880
LE8'0
[
85Z'L
£8T'L
6T’
ceeh
6Ll
9zl
eyl
L2871
L5871
9.8°L
GE8'L
I

S N

060'¢
0lL'e
62lL°¢

~

09z'L
Lee' s
PEL
el
65€°L
Z9e'L
v L
Lev'l
St L
fAud
oo
9%
LZ8L
8ce’L
JA A
§56'L
9162

Value

Bruker BicSpin GmbH

 COC13

Farameter

1 0rigin

S

2 Solvent

295.6

3 Tezperature

4 Nusber of Scans

5 Spectrometer Frequency 400. 15

& Nucleus

20

= 80’

=o'y

S0’
K zo
+ 86°
~ oo

s
o

0.5

1.5 1.0

2.0

3.0

4.0

4.5

5.0

T
5.5

f1 (ppm)

Libwl—
288'zz
Pil62
£0e'6Z
Lif'62
955'6Z
£LL6T
pri6eZ
£68°LE
L8E're

9048
qmo.tv
bpeLL

fmq._‘m_‘
wcm.mmrM
mcm.qm_‘%
0s8'5Z1

85L'5gL—

ZLTESL—

8sr'zil—

Value

Farszeter

Bruker BioSpin GmbH

D13

1 Crigin

2 Solwvent

3 Temperature

1024

5 Spectzometer Frequeney 100.62

4 Number of Scans
& Nucleus

2o

-10

£l (ppm)

62



ree’l
Beel
Erel
0s¢)
£or'l
[#4-
bl
Aad)

L80°¢
L0bE
szL'e”
LBV S
pISE
LE5'¢

08247
LVE 2
07¢" 41
€62
82¢ L1
59821
856/ |
L2y
(A
6541
Lo Lo
b Lo
65t L~F
zoy L/
128

mmm_hv
Va2
g 2]
£56°2
7362
CLEL]
vL6 L7

L

Value
Bruker BioSpin GmbH

CDC13

Parameter

1 0rigin

2 Solvent
3 T
J

296.7

i ntaratuxa
4 Nuzber of Scans
5 Spectrometer Frequemcy 400. 15

& Nucleus

1

Feo8|
» 0T
g0z

=20'C

=00

=€0°}
20k
=860
=00°L -

0.0

0.5

3.0 2.5 20 1.5 L0

3.5

4.0

4.5
£1 (ppm)

50

8.5

0B 8¢
56982
ZooBe
L0 BE
62962
885'Z¢
LOEPE
Zhl'Sh—

9L 8L
wmo,tW
Y._.m,t

mwwém_‘
mfm.mm_.V
P VTl
hhm.mm_‘.\

el 5el—

0L2°e51—

L8TTLL—

Value
Eruker BioSpin GabH

CDC13

Parazeter

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency 100. 82

6 Kucleus

T T T T T
140 130 120 110 100

T
150

T T T
180 180 170

T
200

1 (ppm)

63



09z L
ZPeL
09e'L
298L
A
gEF' L
Shi L
B L
e9pL
§C8'L
SP8L
PSE L
GL6'L

2.0

25

30

4.0

4.5
f1 (ppm)

5.0

Value
Bruker BicSpin GmbH

CDC13
288.2
Cl

1H

quency 400.13
|
N
2q

&
|
L

Farameter
& Nucleng |

1 Origin

2 Solvent

3 Temperature

4 Nuzber of Scans

5 Spectrofeter Fr
1]

mmm_wm
mmm.mwM
mmw.mNM
BBECC

wﬁ_,.qm.\

596 #p—

el 9L
Z50'4d
B9E L4

c05°1clk

mmm.mm_‘M
289 vel-r
v_‘m.mm_‘\

eZL'sel—

8851 —

B00°CLL—

0

20

e

30

40

50

100
f1 (ppm)
64

110

120

Value
130

Bruker BioSpin GambH
140

CDC13
25
13C

5 Spectrometer Frequency 100. 82
150

Parameter
160

4 Nuzher of Scans
170

1 0rigin
2 Solvent
3 Temperaturs
& Nucleus

180

190

200
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[
I| |I
|'P azetef [ Value ‘ [ |
1 Origid | | || Bruker BioSpin GebH | | |
2 SnlvejtJ ! i3 | [ |
3 Tezperature 288. 1
4 Nusber of Scans 4
5 Spactrometer Frequency 400.13
& Nucleus 1
]
'
M Me
21
I
I
|
i I
]
[ o |
TR, T T T
o NS - =)} 7}
Qaco < o <
= o — ™
T T T T T T T T T T T T T T T T T T
10.0 9.5 8.0 8.5 8.0 7.5 .0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 30 2.5 2.0 1.5 Lo 0.5 0.0 0.5
£1 (ppm)
[e:] =T ) o~
(o2} - w W o ~— @ 0oy o [ w
- o™ < Q@ om0 w = o™
o © W T Q- o - ~
L w (s IO NN I~ I~ 0 [(s] o [s2]
— ~— B [ 5] ©~ —
| | = " |
Parazeter Valus
1 0rigin Bruker BioSpin GzbH
2 Solvent €De13
3 Temperaturs 298.1
4 Nusber of Scans 100
5 Spectrometer Frequency 100.61
& Nucleus 13
s
‘N
N Me
2
I
| 1 |
! |
|
— " " " —— -— L NPT,
m
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 0
£1 (ppm)
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Value
Bruker BisSpin GmbH

1 0rigd

| Plﬂmmetle
J

4
\
I

2 Solvent

288.1

3 Temperature

4 Nuzher of Scans

5 Spectrometer Frequency 400.13

1H

8 Nucleus

2s

+e0'Z

rhO'L
10T

v 0T
“PE'L

161
Mvm.v
S0}
50'L
L0
5001

-L0

T
0.0

L5

2.0

3.0

4.0

5.0

T
9.5

T
0.0

f1 (ppm)

s0z'es

20 e
150'6E~
coo6e”

9€L9L
mmo.hhv
LA LL

805°LEk
8eg'zZLl
SEPVEl
m_.h.vw_.u..
Zre'stlh

faig-cla

LS0ERE—

69285 —

088 LLL—

Value
Bruker BicSpin GabH

CDC13

Parameter

1 Origin

2 Solvent

286.1

3 Temperature

4 Number of Scans

5 Spectrometer Fraquency 100.62

13C

& Nucleus

N

2s

-10

0

30

40

70

20

T T T T T
150 140 130 120 110

T
160

T T T
200 190 180

T
210

f1 (ppm)

66



99l 'L
8LL'L
GElL '
PG
T8}
PES 1
575 11
€491
8191
829 11
0rg 1
818 1
£28 1
&P 1
198 1

L

LLB LA
LIB'L
068
LOB'L

eol'e
0kL'e
LZh'e
gel'c
Lrl'e

09z L
WE'L
pLel
Lee'L
Ghe L
28Tl
gLyl
Gl
9Ep L
Gep L
rsp L
L8P L
aleL
9e8'L
Z86'L
ELE'L

Value

Parameter

Bruker BisSpin GmbH

CDC13

1 Origin

2 Solvent

295.8

f{
|

ans

3 Tespedathre
4 Nuzbet of Sc

5 Spectrometer Frequency £00.13

1H

& Nucleus

yal

20T

Fioy
TE0'S

=0T

=00'}
“00')
/660
~00'L

-1.0

T
0.0

0.5

[GIAETAN
BET'TE

0 _‘m.mmM
ZpL'Ge"
12568

Lo

L5

2.0

25

3.0

L9
mwo.hhw
BLELL

4.0 3.5

f1 (ppm)

5.0

omq._‘m_‘
mhq.ww_..;/r
mom.vw_.%
. 658'5C)

< BLL'SEL—

e T

09 gL~

Value
Bruker BioSpin GazbH

CDC13

Farameter

1 0rigin

2 Selvent

296.0

3 Temperature

4 Fuzber of Scans

5 Spectrometer Frequemcy 100.81

13C

& Nucleus

M

-10

2t
T T T T T T T T T T T T
200 180 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

67



ziL0y
£08 01
128'01
€8'01
ava 01
598'01
09901
52601
£66'01
956 0
5860
L0
ziLh

vBLL

\Zz'h

Rl
7521
0iZ'}]
€821
511
vZe L
geg’l
e L
L5e'}
09g'}
6921
8g)
98¢’}
9681
659'1
00L't
VLl
zel't
RN
avel
90)
zill
801
5081
s0L'E
sZL'E
svl'e
09Z'L
ey
6LE L]
Lgg L
5581
JE
0zy' L1
ra gy
L L
65%' L]
Lop L]
£29'L
Zpe' L]
256'L]
26t

|

e 7~

Value
Bruker BioSpin GmbH

CDC13

Farameter

1 0rigin

2 Selvent

288.1

2

5 Spectrometer Frequency 400. 13

by [/
/)

3 Temperatyr

4 Fusher of

fcans

1H

& Nucleus

2u

102
oy

Foo

Froe

=00'}
zoh
/860
00')

-0.5

0.0

zZET'9T
zvoaz -
BLE LE
£80'EE—
zezie

vez 15/

BOL'8L
mmc.ﬁ.W
preLl

Zar izl

mmv,mm_‘M
LG VEL-T
Nmm,mm_‘\.

5ZL'SEl—

29zesl—

BBLEZLL—

Tue

Val
Bruker BicSpin G=bH

CDC13

Farameter

1 0rigin

2 Solvent

3 Tezperature

4 Number of Scans

5 Spectrometer Frequency 100. 82

13C

& Nucleus

2u

T T T T T T T T
180 170 160 150 140 130 120 110 100
£1 (ppm)

T
190




181717
18171+
6171
Lov'L |
897' 1
267’1 1
6671 1
828} |
gL ;
898'L 4
c8g'l ;
026’}
666'L

omm.r/ﬁ D

98Y'¢
1944
i4xad

Norm/

a8l e—-
coce /

h

|

Value
ruker BioSpin GmbH

CDC13

Parameter

il

2

a;z:r

5 Spectrometer Frequency400. 15

1 0rigin
2 Solvent
3 Temper:
4 Number

1H

6 Nucleus

2v

Feoe
Fooe

Feoo

Fo

Feoz

m\mo.m
0¢c

10°L
ot
=160
00}

0.0

3.0

3.5

4.0

6.5

7.0

9.0

9.5

f1 (ppm)

0L2'9L
wNo.nnW
Sve'lL

Lev'lch
vom.NN—./
CICRCARN
6.8°'Gcl
¥68°GCl
918'9¢)
Nom.ww_‘\
cecl'gel
[43°WA4d T

192°€SL —

¢8S°¢CLL —

Value
Bruker BioSpin GmbH

CDC13

Parameter

gin

10ri

2 Solvent

298.3
280

5 Spectrometer Frequencyl00.62

3 Temperature

4 Number of Scans

13C

6 Nucleus

S

2V

-10

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

210

69



43
B99'L
0L
PeLL
£98'L
£88'L
£190'¢
wmc,mW
mo_‘,m

6980
9680
LALL
cog'L
TeT'L
vat'l
86C'L
P0E'L
aLel
£2E'L
wmmi‘N

09Z'L1
LLE' LT
0ZE L1
LES'LT
8511
Bm?ﬁ
ozv'L
mmq,hu‘.
Ly L
mqq,ﬁ
685t L1
zor'L]
bz L
£re'L
P56 L
Gig'L!

Value

Parameter

( Bruker BioSpin GmbH

1 0rigin

CDC13

I

288.1

3 Temperature

4 Number of Scans

5 Spectrozeter Fraquemcy 400.13

1H

& Nucleus

2w

FoL'E
Feo's

0’
=80'g

+90'C

+66'0
“go't
160
=00’k

2.0

GPe 9
679°92
29T
JASIAAN
P99 7E--

9LL9L
vmo.hhv
ZSELL

rmw.rwr
wom.mw_.V
cow.wm_.%
Sp8'STh

95L'5€L—

§5T'e5L—

LESTLL—

Value
Bruker BicSpin G=bH

CDC13

Farazeter

10rigin

2 Solvent

298.3

3 Temperaturs

4 ¥umber of Scans

5 Spectrometer Freguency 100. 81

6 Nucleus

13C

2w

-10

70

80

o

T
200

T
210

£1 (ppm)

70



7360
2160
£p80
9atL
L'l
08’}
828’}
1p8'L
9981
508}

260t
1>
LEL'E

09Z'L
HeL
pLe'd
[ShIF
[450
BYT L
2584
9L
0Zr'L
SerL
LEFL

S

e g

LIBL
8lB'L
LEB'L
BEB'L
556°L
PLE'L
GiB8°L

Value
Bruker BioSpin GmhH
CDC13

|'P7nmete{r f
: |
3 |
2 Solvent | Il

1 0rigi

298.2

3 Tezperature

4 Number of Scans

5 Spectrometer Frequency £00. 15

1H

6 Fucleus

]

x

=GO'EL

FLOLE

=z0'e

=20’

» PO}
REOL -
=660
=~00'L |-

20

25

30

059°€h~
LeLe
h_‘m,_‘mw
OLLgg

L9 LE~
PEQ e

mmq.ﬁmf
mmq.mwfV
Ew.ﬂmrﬂ
ore'sZh

Z5L'5eL—

8T egL—

B8OV ELL—

Value
Bruker BioSpin GebH

CDC13

Farameter

1 Origin

2 Solvent

289.2
100

5 Spectrometer Frequency 100. 62

3 Temperature

4 Nusher of Scans

13C

& Nucleus

2x

-10

30

40

80

a0

T
140

T
150

T T T
200 180 180

T
210

£1 (ppm)

71



9980
2880
2680
0160
6260
£96'0
aEe f
mmm_Lf
694 1
6eL'l
Em_%
808’}

erle
LS1°E
L91°E
0L1'¢
BLI'E
261t
c0g'e

09Z°L
BLEL
@A
ove’L
LST°L
09¢°L
A
9zrL
Pl L
v
9L
5oL
BER’L
BER'L
858'L
658°L
SL6°L
966°L

Value

Bruker BacSpin GmbH

Jfepcia
258.2

1H

-

/

Farasester
1 0rigin
2 Solvent [
3 Temperature
4 Fusber of Scans
5 Spectrometer Frequency 400 13

& Nucleus

FEe0'6

Fzoz
Fsoe

Foo'b

86'0
00'}
¥96'0
oot

-1.0

0.5

0.0

908" L —

0.5

$20°22~
o §L7'€Z—
= 8c.'57

626627

LEB' P,
80y G~

20

2.5

3.0

L0494
m_,o.t.v
988 il

3.5

4.0

4.5

f1 (ppm)

5.0

mqm,rwr
mom,mw_.i/r
mmm,vm_.ﬂ
£CL'SEL

L88'PEL—

5.8

6.0

e 286251 —

S8L LA —

9.5

10.0

-10

70

90 a0

110 100
£1 (ppm)
72

120

130

140

Value
Bruker BioSpin GzbH
CIC13
288.1
13C

Me
Me
Me

150

160

S,
da
170

180

Parameter
5 Spectrometer Frequency 100.62

2 Solvent

3 Temperaturs

& Yumber of Scans
180

1 0rigin

& Nucleus
200

210




omn,ov. .

9080
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S04

8LLL
06.°}
rog'l

092 1
BTE L1
bee's
87¢ L]
b5 L
Ly L]
0zv L]
SEV' L7
gey L
bop L
a5y £

66" L7

L68'En
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0r8' i
1592
858/
09821
796/

LS
mmwe/

Laa

Z00's ]
£00'g!

Fo0'9

=109

I Ir Value

Farameter

i/ J Bruker BioSpin GmbH

!

I

i

1 Origin

CDC13

2 Solvent

285,

3 Temperatuze

4 Number of Scans

5 Spectrometer Frequency 400. 15

1H

& Kucleus

Me Me
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Me

b

) .M 00’k
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B Wmo._.
o'l

2o’k

= =00k
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f1 (ppm)
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L8ELL
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259'5C)

gL0'5eL—

£l 'esl—

rog'18L—

Value
Bruker BacSpin GmbH

CDC13

Farameter

10rigin

2 Solvent

298.2
20

5 Spectrometer Frequency 100. 82

3 Temperature

4 Number of Scans

13C

6 Nucleusz

Me
e M

S
“

e

b

T
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-10

-]
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g
Lo
g
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e
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o
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e
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g
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=
g
g
g
3
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g
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£98'0
180

680

7680

LLE'0

7880

JL R in —
957"k
587l
87"}
POE' L
£ze'L
Zre L
65¢" 1
8251
7651
Zvs L]
05511
7551
€5}
851
565}
809'L
904’}
IV
€ZLh
8zLh
b b
St L
€544
1941
poLL
0L}
98L}
064k
757°¢
187°%
TR
1878
087’2
bees
£EE'L
05e'2
€584
8ib'L
Vw2
acy 4.
mmﬂ%
R
0€8' 2
zea' L
05821
758" 4
z16 L]
€16 L]
766°L]
ce5' L)

Value
/ Bruker BicSpin GzbH

Parameter

2 Solvent

2658

3 Temperature

4 ¥uszber of Scans

5 Spectrometer Frequemecy 400. 15

1H

& Nucleus

Me

5

Me

de

—=

90°9
{ooe
hgog
TE0T
vZO'E

Foo'L

wE0'L
~zo'L
+66°0
ool

5.0 4.5

2.5

£l (ppm)

0LObLe,
P50z

52022~
slzEr—
620527

LGl BE~
L0y~
55467

FPLLGL
fmo,t.v
Bie LL

mqmem_‘
hom,wm_‘V
qwm,wN_‘ﬂ
LLL'SZL

CLOPEL—

S00°€51—

PeC LLL—

Value
Eruker BioSpin GabH

CDC13

Parameter

1 0rigin

2 Solvent

2882

3 Tezperature

4 Fuzber of Scanz

5 Spectrometer Frequemey 100. 82

13C

& Nucleus

e

S

Me

Me

dc

TR

T
210

-10

30

40

T
180

T
200

1 (ppm)

74



£89°0
0040
5640
£I80
Zes

LGB0

€L80
6680
0os'L

988 _./ —

691
€69 1
0L 1)
RS
2841
55411
VLA
0641
208
1781
vse'l
1981
988l
z68'L
aLs'L
626}
561
296}
Z88'L

092 41
80€ L1
012
8z¢
Gre L]
8re ]
iy L]
Lbp' L
pep Lo
L2P' LA
zar 1§
55p' L7
1580

1501
636 L

600'8

Value

Farameter

Bruker BioSpin GmbH

1 0rigin

2 Selvent

| aee.p|

f

3 Tezperature

2

5 Spectrometer Frequency 400.13

4 ¥usber of Scans

/

Il

1H

& Nucleus

Me
Me

s
N pe
4d

i

90°€
Jvoe
“ooe

=00°€
90°E
ooz

+20'}
*60'}
=660
=00}

5098

£85°EC
LEEFT
BLLPE
Z86'vC

P05'9E—

OFg S —
BLLLS—

eLiBL
_‘mo.ﬁhv
8pe Ll

fmmemf
hmm.mwa
mow.wwrw
LLS'SEL

LED'SEL—

940°E5L—

566'08L—

Value
Bruker BioSpin GabH

CDC13

Parameter

1 0rigin

2 Selvent

298.2

3 Tempersture

4 Number of Scans

5 Spectrometer Frequency 100. 82

13C

& ¥ucleus

Me

S

N’ pe

Me

4d

190 180 170 160 150 140 130 120 110 100 a0
f1 {ppm)

200
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T T Neer——m———————
Parfmdter | [ Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 295. 6
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus 1H
e
5 e
Cr-L
N
Il
de °
| 1 | ‘
|
MMU
Y TG ®
e eececoaac
- e oaN©
T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 6.5 6.0 5.5 5.0 4.5 4.0 5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ~-1.0
£1 (ppm)
[Te] — @ — @M
=] Y] =] ®— [ Bl el B T
- > M © 0O o NO N ©INTTO®
© o T T @ e I
=~ [7s] D o OO oY ] O NTONO- OO
— - - = [ TOT 0N oo
| | | N e |7 =
Farazeter Value
1 Origin Bruker BioSpin GzbH
2 Solvent CDC13
3 Temperature 298.1
4 Nuzber of Scans 0
5 Spectrometer Frequency 100. 82
& Nucleus 13C
Me
Me
P Me
N
Me
de
|
1
ol | | 1 |
|
I
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
{ppm)



LOE'Y
gle'y
gee'y
Pee'y

£0e5—

§LZ°4
mhm.hw
v8e L

~

—
i
\

E—
|r|\|J
rllz

=

]

&

o

u B

a9

2 A
B 9
i '
FEE. 8=
S
I
8
FR—
K g u
F] ook
i v &Y
4 How
T A
28 &4 E3
R A
L
oo oo

Et0,C

5a

=609

=10'g
=101

Froz

oz

ooz

Feog

45
£l (ppm)

2.0

681 Pl
51222

LIB'ET

qmr_mmw
961 '0E~"
et e
5e8've

POL L9

ooh.mh/

===

GECLL

9808zl
v_._‘.mm_.w.
SZyacl
0geacl—

PILESL—

LELE8L—

Value
Bruker BioSpin GmbH

CDC13

Farameter

10rigin

2 Selvent

298.1
1024

5 Spectrometer Frequency 100.61

3 Tezperature

4 ¥uzber of Scans

13C

& ¥ucleus

Et0,C

5a

T
200

-10

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 o
1 (ppm)

T
180

T
210

77
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[y Sy [e) = <
~ |
Farameter Value
1 0rigin Bruker BioSpin GmbH
2 Spectrometer spect ,
3 Solvent CDC13 |
4 Number of Scans 2
5 Spectrometer Frequency 40013
& Nucleus 1H
Bn
0
N
e
ElOZC)jAr
e
e
5b
[
|
T by T
™ o o
o =] o
n o™~ o™

4.282
4.265
3.343
3.333
3.319
3.305
3.294

L

— — @ M~ < T
[} [=) 0 M~ -
o o ~ g
) w W 00 @
w o o) NN N
- = - ==
o I~
Parazeter Value
1 Origin Bruker BioSpin GzbH
2 Solvent CDC13
3 Temperature 298.2
4 ¥uzber of Scans 1024
5 Spectrometer Frequency 100.61
8 Nueleus 13C
Bn
NE
! Me
Et0:C
Me Me
5h

T7.343
77.025
76.708
61.399
—41.221
—37 444
26.484
25 553
23.414
22127
14.162
12.315

{
X
R

T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 90
f1 (ppm)
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et e Ty e
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Pardzeter Value | ‘
10rigin Eruker BioSpin GebH | [ ‘
2 Solvent cDe13 | ) ||
3 Temperat 295.8 | | /o]
4 Nuzber of Scans 2
5 Spectrometer Frequency 400. 15
6 Nucleus H
Bn
i
o)
M
| Me M
e
Erozc)\\/\r
Me Me
5¢ ]
|
I
1
1
k
1l
i T L O,
© o © WO Wo
= S < QocooQg
v o o -nNM© o
T T T T T T T T T T T T T T T T T T T T T
9.5 8.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0 0.5
£1 (ppm)
o O w o
N W wm O o o« o« [ @
T o L o oo = @ @ oo o
w w 3 NN M~ r~ 0o -~ (i8] o W0 =T =r s
- - - == [ © <~ © NNt =
| [ e | | Sy
Farameter Value
1 Origin Eruker BioSpin GzbH
2 Solvent coc13
3 Tezperaturs 295.9
4 Yusber of Scans 70
5 Spectrometer Frequency 100. 62
& Nucleus 13
Bn
1
o
N]Me
e
EtO,C
Me  Me
5c
|
| 1
I
e | I N .l [ J
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 T0 60 50 40 30 20 10 0 -10
£1 (ppm)
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7.997
7.977
7.861
7.841
7.466
7.463
7.446
7.428

7.425
7.361

7.359
7.341
7.324
7.321

7.260

Parameter

1 0rigin

2 Solvent C/ /
3 Temperatur

4 Number of Scans

5
6 Nucleus

Value

Bruker BioSpin Gmbl

//cums
298.2

2

pectrometer Frequency400. 13

IH

Cr-Cr

6

3.083

3.067

3.052
3.047

1.821
1.803

1.785
1.334
1.328
1.314
1.310

1.296
1.285
1.281
1.263
0.939

0.921

0.902

0.879

0.871

0.865

0.853

T
10.0 9.5

176.132

bl

152.025

=5

—133.711

124.693
123.501

/
Y

Parameter
1 0rigin
2 Solvent
3 Temperature
4 Number of Scans

6 Nucleus

Bruker BioSpin

CDC13
298.2
150

5 Spectrometer Frequencyl00. 61

13C

Value

Gmbl

s
7
N :/

121.597
120.536

T T T
5.0 4.5
£1 (ppm

76.317
75.999
75.682

L
\

46.083

—34.787

28.545
28.405

<

—21.629

_~12.896
~10.915

T T T T
210 200 190 180 170

T
160

T
150

T
140

130

T
120

110

T
100
£1 (ppm)
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(Parazeter Value ! },‘ | ‘
|
10rigin Eruksr BicSpin GebH / !
2 Solvent coc13
3 Temperatuze 236. 2
4 Nuzber of Scans 2
5 Spectrometer Frequency 400.13
& Yucleus H
H ]
T
1
|
|
A -
T Tk
o o + =
= - coo
- -~ < < ©
T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 1.0 95 90 85 80 7.5 T0 65 60 55 50 45 40 3.5 30 25 20 L5 L0 05 00 -0.5
£l (ppm)
o™
o oo o @ D) OO —
= o= o =] OF T DD m
[Ts} €0 oW ~ L
& KRE 3 ARG
Farazetsr Valus =
| e | Nl
1 0rigin Bruker BioSpin Gabi
2 Solvent 13
3 Temperature 288.1
4 Nuzber of Scans 30
5 Spectrometer Frequency 100.81
§ Nucleus 13C
H” ™0
7
1 ]
1
\
T T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 90 20 70 60 50 10 30 0 10 o -0

1 (ppm)
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55807
5801
6801
EL601
097’11
04211
6211
962 1
00€' 1
L0E L
pLE L
2281
Ly
125 L]
v L]
19w L]
6LF 1
g6t L
aLs
71511
8z5'|
€05}
85|
709’}
zz9'L
629’}
Zre'L
959’}
599')
519')
€89}
€69’}
v0L'L
204}
pLL
9Zr'Z
EEF'Z
BEF'Z
A
5577
09%'Z
89v'Z
165
919z
ve9z
987
€687
W6z
Zvl ]
z9lL]
il 2]
12T
9ez L
567 L
557'L
ViT L

——
‘I.
I/
I

=
[
|
|
|

GiT'L

Value
Bruker BisSpin GmbH

CDC13

Farameter

1 0rigin

2 Selwvent

3 Tezperaturs

4 Nuzber of Scans

5 Spectrometer Frequency 400. 15

1H

6 Nucleus

Ph\/\/\.s

+60'9

=10'p
661
Foo's

601
R0z
96k

+80'€
002

T
4.5

f1 (ppm)

5.0

T
5.5

808 L~
PS6'EL "
8eL2e
wmqwmw
P07 82~
0LE'6C
75Y'6C
18508
§5€'2¢
607'GE

e 95—

9894
YOl id
il

06L'GTh~
mmm.mm_‘w.
moq.mm_‘

vl vl —

0rg9'e0g—

Value

Farameter

Bruker BioSpin GmbH

DC13

1 Origin

2 Selvent

3 Temperature

4 Receiver Gain

5 Spectrometer Fraquency 100. 61

13C

& Nucleus

Ph\/\/\g

T T T
170 160 150

T
180

T
200

T
210

-10

T T T T
120 110 100 o0
£1 (ppm)

T
130

T
140

T
180
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7.973
7.953
7.845
7.844
7.825
7.824
7.464
7.461

i
|

7.445
7.443
7.425

7.422
7.360
7.357
7.340
7.322
7.319
7.260
3.140
3.127
3.123
3.120
3.116
3.112
3.100

IOriginz /
2 Solven

3 Temperature

Parameter

Value
Bruker BioSpin Gmbl
CDC13
298.1

/1

4 Number of Scans 2
5 Spectrometer Frequency400. 13

6 Nucleus 1H

1.794
1.774
1.754

va
\

2.07=

0.973

T T T T T T T T T T
5.5 5.0
£1 (ppm)

T
4.5

172.648

Farameter
1 Ovigin
2 Solvent
sperature

Fuzmber of Scans

5 Spectrometer Frequency 100. 62

& Nucleus

P T
N D

153257
—-135 117
125.864
4124 608
122,478
121476
77.355
77.037
76.720

/[
X

Value
Bruker BicSpin Gz=bH
CpC13
2963
80

13C

Me

32,371
27,514
27.324
27131

/38523

ﬁ

22228

210

T
200

T T T
190 180 7o

T
100
(ppm)

T T T T T T
160 150 140 130 120 110
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Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298.1
4 Spectromq{er Fréquency400. 13
5 Nucleus 1H
S
Mg
N D
hle Me
b
i
< 4 d & &
e < e 9 <
- o~ N ™ ©
T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)
o o e R R =)
L - ~— 00 < N O N WD DO — O
= 0 =R ) D <o DA D= NGO WD
— o WwooN O o €O~ 0O NN WD
r~ 3] 0D NN — P~ I~ 0 00 4 P~ P~ I~ (d @0
— — —— M~~~ €00 OO OO —
| I [T S N A
Farameter Value
1 Origin Bruker BioSpin GzbH
2 Selvent €DC13
3 Tezperature 286.0
4 Nuzber of Scansz BO
5 Spectrometer Frequency 100. 52
& Fucleus 13C
S
P Me
N =}
Me Me ]
£
I
I
1
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10

f1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent ” g3
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus 1H
Cl [l
N o]
e
¢
I
|
l MU\ l‘
N e i
N N ©o
T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -L5
£1 (ppm)
@ [ e X i)
=] — kR ) o @ P~ — ) — 3 0
- «© 00— a s g D
© — OO0 = @ €000 eY
P~ w0 O NN = - @O 0 0 b~ = = o
— — o — [ o DN N
| I NN - PR
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Sslvent CDC13
3 Temperature 298.2
4 Nuzmber of Scans 201
5 Spectrometer Frequency 100. 81
& Nucleus 13C
Cl s
\@ i Me
N D
e
9c
[
I
[
|
|
g dhinl IR % oy L o NI Jlumm«
T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
£1 (ppm)
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7.991
7.987
7.839
7.817
7.577
7.572
7.555

:
§

7.550

7.286

Parameter
1 OriLiz /ﬁ
2 Solvent
3 Temperature
4 Number of Scans

6 Nucleus

5 Spectrometer Frequency400. 15

Value
Bruker BioSpin GmbH
CDC13
295.5
2

1H

3.141
3.124

3.121

3.116
3.100
1.805
1.784
1.765

L
\

0.997

2.00 =

—0.993

£40.95%

~ 1 0.99%

=

10.0 9.5

—173.254

=

o
=3
5

123.579

152,129
~-136.797
129,329
f‘l24.D2‘I
~118.130

Favamster
10rigin

2 Solvent

3 Temperature

4 Fusber of Scans

Value
Bruker BioSpin G=bH
CDC13
286.2
1024

5 Spectzomster Frequency 100.62

& Fucleus

13C

5.0

T T
4.5 4.0
f1 (ppm)

T
3.5

77.342
77.025
76.707

{

27.508
27.316
27123

ﬁ

22,203

T T T
210 200 180 170 160

T T
150 140 130

T
120

T
100
£1 (ppm)
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