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1. General experimental details

Commercially available reagents were used without further purification. THF was distilled from
sodium. 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: 6 7.26, CD30D: 3.31). Data are reported as follows: chemical shift, multiplicity
(s = singlet, d = doublet, t = triplet, dd = doublet of doublets, q = quadruplet, br = broad, m =
multiplet), coupling constants (Hz) and integration. *C-NMR spectra were recorded on a
BRUKER AVANCE IIl HD (100 MHz) spectrometer with complete proton decoupling. Chemical
shifts are reported in ppm from tetramethylsilane with the solvent resonance as the internal
standard (CDClz: § 77.00, CDsOD: 49.00). °F-NMR spectra were recorded on a BRUKER
AVANCE Il 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.

Peristaltic pump of continuous-flow system was manufactured by Nanjing Runze Fluid Control
Equipment Co. Ltd (LM60B-RZ1030-4 type), and was set at 65 rpm. Microreactor was used
commercially available PFA (perfluoroalkoxyalkane) tube with an inner diameter of 760 pum (3.5
mL). Blue LED lamp parameters: rated power 50 W, rated voltage 220 V, rated current 300 mA,
rated frequency 50 Hz, Amax = 450 nm. The distance between light source and the reaction is 10
cm.

2. Reaction conditions survey

Table S1 Reaction conditions survey about 1,5-HAT pathway?

Cl PIFA (y equiv.) cl
X 4+ \/\/\OH ﬁ N
Z .; N7 OH
N MeCN, rt
1a 2a (x equiv.) ___bluelEDs _ 3a
1 X_shut-off valve;

Entry X (equiv.) y (equiv.) Yield® (%)
1 5.0 2.3 68
2° 5.0 2.3 62
3 5.0 2.5 68
4 5.0 2.1 75
5 5.0 1.9 72
6 4.0 2.1 69
7 6.0 2.1 72
8¢ 5.0 2.1 58
9 5.0 2.1 0
10 5.0 2.1 0

#Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2a (5.0 equiv.), PIFA (2.1 equiv.) in MeCN (1.0
mL), irradiated by 2 x50 W blue LEDs at rt for 12 h. PIsolated yield. “MeCN (2.0 mL). 92 <30 W
blue LEDs. 30 W green LEDs. fIn dark. PIFA = Bis(trifluoroacetoxy)iodobenzene.



Table S2 Reaction conditions survey about s-C-C scission pathway?

Cl PIFA (y equiv.) Cl
YOH ((((ﬁ X
~
N
MeCN, rt
1a 4a (x equiv.) ___blue LEDs __ 5a
.\X shut-off valve-
Entry X (equiv.) y (equiv.) Yield® (%)
1 5.0 2.1 75
2° 5.0 2.1 70
3 5.0 1.9 70
4 5.0 2.3 68
5 4.0 2.1 69
6 6.0 2.1 71
7d 5.0 2.1 56
8¢ 5.0 2.1 0
of 5.0 2.1 0

#Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 4a (5.0 equiv.), PIFA (2.1 equiv.) in MeCN (1.0
mL), irradiated by 2 <50 W blue LEDs at rt for 12 h. PIsolated yield. “MeCN (2.0 mL). 92 <30 W
blue LEDs. 30 W green LEDs. In dark. PIFA = Bis(trifluoroacetoxy)iodobenzene.

3. General procedure for synthesizing 3 and 5

Light off Light on

A

shut-off valve

Figure S1 Reaction equipment

Heteroarene 1 (0.2 mmol, 1.0 equiv.), alcohol 2 or 4 (1.0 mmol, 5.0 equiv.) and PIFA
(Bis(trifluoroacetoxy)iodobenzene, 0.42 mmol, 2.1 equiv.) were dissolved in MeCN (1.0 mL).
Then the solution was transferred into the microreactor (PFA tube, ID = 760 um) via syringe. The
reaction was irradiated with 2 x 50 W blue LEDs at room temperature. After 12 hours, the reaction
solution was collected in a flask and the microreactor was washed with EtOAc and water via
syringe. The mixture was quenched by addition of ag. KOH until pH > 8 and then extracted with
EtOAc. The combined organic extracts were washed by brine, dried over NaySOa, filtered,
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concentrated, and purified by flash column chromatography on silica gel to give the desired
product 3 or 5.

4. Gram-scale preparations

Light off Light on

peristaltic pump

Figure S2 Reaction equipment of gram-scale reactions

Heteroarene 1c (8.0 mmol, 1.0 equiv.) and alcohol 2a (40.0 mmol, 5.0 equiv.) were loaded in a
tin foil wrapped flask. Then MeCN (40 mL) followed by PIFA (4.2 mmol, 0.525 equiv.) was
added to the mixture (PIFA was added in four batches, one batch every 12 hours, 4.2 mmol per
batch). Then the solution was injected to the microreactor (PFA tube, ID = 760 um) by a
peristaltic pump, flow rate (3.0 mL/min). The reaction was irradiated with 2 x 50 W blue LEDs at
room temperature. After 48 hours, the reaction solution was collected in a flask and the
microreactor was washed with EtOAc and water via syringe. The mixture was quenched by
addition of ag. KOH until pH > 8 and then extracted with EtOAc. The combined organic extracts
were washed by brine, dried over Na;SOs, filtered, concentrated, and purified by flash column
chromatography on silica gel to give the desired product product 3c (1.16 g, 63% yield).

Heteroarene 1a (7.0 mmol, 1.0 equiv.) and alcohol 4t (35.0 mmol, 5.0 equiv.) were loaded in a
tin foil wrapped flask. Then MeCN (35 mL) followed by PIFA (14.7 mmol, 2.1 equiv.) was added
to the mixture. Then the solution was injected to the microreactor (PFA tube, ID = 760 um) by a
peristaltic pump, flow rate (3.0 mL/min). The reaction was irradiated with 2 x 50 W blue LEDs at
room temperature. After 12 hours, the reaction solution was collected in a flask and the
microreactor was washed with EtOAc and water via syringe. The mixture was quenched by
addition of ag. KOH until pH > 8 and then extracted with EtOAc. The combined organic extracts
were washed by brine, dried over Na,SOg, filtered, concentrated, and purified by flash column
chromatography on silica gel to give the desired product product 5t (1.27 g, 82% yield).



5. Characterization of products!

cl 3a: 37.3 mg, 75% yield, yellow oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/4-1/1). H

NMR (400 MHz, CDCl3) & 8.17 (dd, J = 8.4, 0.8 Hz, 1H),

N OH 8.06-8.02 (m, 1H), 7.75-7.69 (m 1H), 7.60-7.54 (m, 1H), 7.40 (s,

1H), 3.68-3.56 (m, 2H), 3.16-3.05 (m, 1H), 2.37 (br, 1H),

1.98-1.87 (m, 1H), 1.82-1.71 (m, 1H), 1.68-1.56 (m, 1H), 1.54-1.42 (m, 1H), 1.37 (d, J = 7.2 Hz,

3H); 3C NMR (100 MHz, CDCls3) § 166.6, 148.4, 142.9, 130.3, 129.1, 126.8, 125.1, 123.9, 119.8,
62.6, 42.3, 32.8, 30.6, 20.8.

\

3b: 31.9 mg, 70% vyield, yellow oil. Purification by flash column
N chromatography (eluent: EtOAc/Petroleum ether = 1/4-1/1). H
NMR (400 MHz, CDCls) & 8.03 (dd, J = 8.4, 0.8 Hz, 1H), 7.94
(dd, J = 8.4, 0.8 Hz, 1H), 7.69-7.62 (m, 1H), 7.53-7.46 (m, 1H),
7.15 (s, 1H), 3.67-3.55 (m, 2H), 3.15-3.04 (m, 1H), 2.68 (d, J =
0.8 Hz, 3H), 2.58 (br, 1H), 2.00-1.89 (m, 1H), 1.82-1.71 (m, 1H), 1.69-1.57 (m, 1H), 1.54-1.42 (m,
1H), 1.37 (d, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) & 166.2, 147.3, 144.6, 129.3, 129.1,
127.0, 125.5, 123.6, 120.3, 62.6, 42.2, 32.9, 30.7, 21.1, 18.8.

\

N OH

oH 3c: 36.7 mg, 80% yield, yellow oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether/MeOH = 1/1/0-4/4/1).
'H NMR (400 MHz, CDCl3) & 8.04-7.99 (m, 2H), 7.65-7.60 (m, 1H),
7.48-7.43 (m, 1H), 7.14 (s, 1H), 3.62 (t, J = 6.4 Hz, 2H), 3.59-3.51 (m,
1H), 2.89 (br, 1H), 2.68 (s, 3H), 1.89-1.71 (m, 2H), 1.65-1.49 (m, 2H), 1.35 (d, J = 6.8 Hz, 3H);
13C NMR (100 MHz, CDCls) & 158.6, 153.6, 147.8, 129.2, 128.9, 125.4, 125.4, 122.7, 118.4, 62.4,
33.4, 33.1, 30.6, 25.2, 21.2.

Zé\ /; g

cl 3d: 38.5 mg, 68% yield, yellow oil. Purification by flash

column chromatography (eluent: EtOAc/Petroleum ether =

1/4-1/1). *H NMR (400 MHz, CDCls) & 8.09 (d, J = 8.8 Hz,
OH 1H), 8.04 (d, J = 2.0 Hz, 1H), 7.51 (dd, J = 8.8, 2.0 Hz, 1H),

7.38 (s, 1H), 3.67-3.57 (m, 2H), 3.13-3.02 (m, 1H), 2.16 (br,
1H), 1.96-1.86 (m, 1H), 1.81-1.71 (m, 1H), 1.66-1.55 (m, 1H), 1.52-1.42 (m, 1H), 1.36 (d, J = 6.8
Hz, 3H); *C NMR (100 MHz, CDCls) & 167.9, 148.8, 142.8, 136.3, 128.2, 127.7, 125.3, 123.6,
120.1, 62.6, 42.3, 32.8, 30.6, 20.7. FT-IR: v (cm™) & 2931, 2869, 1608, 1588, 1490, 1405, 1301,
1159, 1072. HRMS [ESI] calcd for C14H1sCl:NNaO [M+Na]* 306.0423, found 306.0428.

X
—
Cl N

OH 3e: 20.7 mg, 43% yield, yellow oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether = 1/4-1/1). 'H NMR

%

N~ CN

1 Characterization of product 3a-3c and 3e-3m refers to: X. Wu, H. Zhang, N. Tang, Z. Wu, D. Wang, M. Ji, Y.
Xu, M. Wang and C. Zhu, Nat. Commun., 2018, 9, 3343. Characterization of product 5ae refers to: Y. Wang, L.
Yang, S. Liu, L. Huang and Z.-Q. Liu, Adv. Synth. Catal., 2019, 361, 4568.
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(400 MHz, CDCls) § 8.20-8.14 (m, 2H), 7.84-7.79 (m, 1H), 7.73-7.68 (m, 1H), 7.59 (s, 1H),
3.71-3.63 (m, 3H), 1.94-1.78 (m, 2H), 1.67-1.50 (m, 3H), 1.42 (d, J = 6.8 Hz, 3H); 3C NMR (100
MHz, CDCls) § 155.8, 148.4, 133.7, 131.0, 130.6, 129.1, 127.7, 123.0, 120.1, 117.8, 62.5, 33.5,
33.4,30.4, 21.1.

AN 3f: 26.7 mg, 62% vyield, yellow oil. Purification by flash column

_N chromatography (eluent: EtOAc/Petroleum ether = 1/1-2/1). *H NMR

(400 MHz, CDCls) 4 8.46 (d, J = 6.0 Hz, 1H), 8.22 (d, J = 8.4 Hz, 1H),

7.81 (d, J = 8.0 Hz, 1H), 7.68-7.63 (m, 1H), 7.61-7.55 (m, 1H), 7.49 (d,

J = 5.6 Hz, 1H), 3.87-3.77 (m, 1H), 3.63-3.50 (m, 2H), 2.21-2.11 (m, 2H), 1.87-1.76 (m, 1H),

1.70-1.58 (m, 1H), 1.54-1.43 (m, 1H), 1.40 (d, J = 6.8 Hz, 3H); *3C NMR (100 MHz, CDCls) &
165.4, 141.7, 136.4, 129.7, 127.5, 127.0, 126.7, 124.6, 119.1, 62.7, 36.0, 31.9, 30.9, 21.2.

OH

CO,Me  3g: 33.9 mg, 62% vyield, yellow oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether = 1/1-3/2). *H NMR
(400 MHz, CDClz) 6 8.41 (s, 1H), 8.29-8.25 (m, 1H), 7.97-7.93 (m, 1H),
OH " 7.76-7.69 (m, 2H), 4.02 (s, 3H), 3.84-3.76 (m, 1H), 3.59-3.53 (m, 1H),
3.46-3.39 (m, 1H), 2.54 (br, 1H), 2.49-2.39 (m, 1H), 1.87-1.70 (m, 2H), 1.51-1.43 (m, 1H), 1.41 (d,
J = 6.8 Hz, 3H); °C NMR (100 MHz, CDCls)  166.5, 165.7, 140.2, 136.1, 130.3, 129.3, 129.1,
128.1, 124.9, 122.6, 62.1, 52.6, 36.9, 31.2, 30.4, 21.8.

; E\Z /;

Br 3h: 30.4 mg, 52% vyield, yellow oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether = 1/6-1/2). *H NMR
_N (400 MHz, CDCls) & 8.65 (s, 1H), 8.24-8.16 (m, 2H), 7.80-7.74 (m, 1H),

7.68-7.62 (m, 1H), 3.84-3.73 (M, 1H), 3.64-3.52 (m, 2H), 2.17-2.06 (m,
1H), 1.92 (br, 1H), 1.85-1.74 (m, 1H), 1.67-1.55 (m, 1H), 1.53-1.42 (m,
1H), 1.39 (d, J = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCls) § 165.0, 143.5, 134.9, 130.9, 128.1,
127.9,126.9, 125.0, 117.6, 62.7, 35.9, 32.0, 30.8, 21.1.

o

OH

3i: 36.1 mg, 68% yield, yellow oil. Purification by flash column

O chromatography (eluent: EtOAc/Petroleum ether = 1/2-2/3). *H NMR
O (400 MHz, CDCl3) 3 8.66 (d, J = 8.4 Hz, 1H), 8.54 (d, J = 8.0 Hz, 1H),
~-N 8.32 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 8.0 Hz, 1H), 7.86-7.80 (m, 1H),

oW 7.74-7.67 (m, 2H), 7.64-7.59 (m, 1H), 3.92-3.82 (m, 1H), 3.66-3.49 (m,

2H), 2.45-2.34 (m, 2H), 1.92-1.82 (m, 1H), 1.81-1.69 (m, 1H),

1.63-1.52 (m, 1H), 1.47 (d, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) § 165.0, 143.5, 133.1,
130.1, 129.6, 128.6, 127.2, 126.3, 125.6, 125.0, 123.4, 122.6, 121.8, 62.6, 36.6, 31.0, 30.9, 21.3.

oH 3j: 22.8 mg, 43% yield, yellow solid, m.p. 156-157 °C. Purification by
flash column chromatography (eluent: EtOAc/Petroleum ether =
O 2/3-3/2). 'H NMR (400 MHz, CDCls) 5 8.52-8.32 (m, 2H), 8.22 (d, J =
8.8 Hz, 2H), 7.77-7.67 (m, 2H), 7.56-7.43 (m, 2H), 4.40-4.27 (m, 1H),

i

N
7

N



3.57 (t, J = 6.4 Hz, 2H), 2.36-2.20 (m, 2H), 1.90 (br, 1H), 1.73 (d, J = 7.2 Hz, 3H), 1.71-1.59 (m,
1H), 1.39-1.26 (m, 1H); *C NMR (100 MHz, CDCls) § 150.8, 148.9, 148.7, 130.8, 130.5, 129.5,
126.0, 125.8, 125.5, 125.4, 124.5, 124.3, 123.6, 62.5, 34.0, 33.6, 31.9, 21.3.

Ph

N OH

3k: 21.2 mg, 44% vyield, yellow oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether/MeOH = 1/1/0-6/6/1).
'H NMR (400 MHz, CDCls) 6 8.57 (d, J = 5.2 Hz, 1H), 7.65-7.60 (m,
2H), 7.51-7.40 (m, 3H), 7.37-7.35 (m, 1H), 7.34-7.31 (m, 1H),
3.68-3.58 (m, 2H), 3.05-2.95 (m, 1H), 2.09 (br, 1H), 1.94-1.83 (m, 1H),

1.78-1.68 (m, 1H), 1.67-1.55 (m, 1H), 1.54-1.44 (m, 1H), 1.36 (d, J = 6.8 Hz, 3H); 3C NMR (100
MHz, CDCls) 5 166.6, 149.4, 149.0, 138.5, 129.0, 128.9, 127.0, 119.6, 119.4, 62.7, 41.6, 33.2,

30.7, 21.0.

OH

3l: 21.0 mg, 30% vyield, yellow oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether = 1/3-1/1). *H NMR
(400 MHz, CDCls3) 6 8.57 (d, J = 5.2 Hz, 1H), 8.46 (d, J = 1.2 Hz, 1H),
8.20 (d, J = 1.6 Hz, 1H), 7.29-7.26 (m, 1H), 7.13 (d, J = 2.0 Hz, 1H),
3.69-3.58 (m, 2H), 3.07-2.98 (m, 1H), 1.96-1.87 (m, 2H), 1.78-1.69 (m,
2H), 1.65-1.56 (m, 1H), 1.39-1.36 (m, 21H); **C NMR (100 MHz,
CDCl3) 6 165.2, 161.3, 160.7, 156.9, 155.5, 148.9, 120.5, 118.4, 118.4,
115.7,63.1, 41.5, 35.0, 34.9, 33.5, 30.7, 30.6, 21.2.

3m: 15.1 mg, 32% vyield, yellow oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether = 1/2-2/3). 'H
NMR (400 MHz, CDClIs) 6 8.30 (s, 1H), 3.65-3.59 (m, 2H), 3.14

OH (g, =7.2 Hz, 2H), 3.06-2.95 (m, 1H), 2.68 (s, 3H), 1.91-1.83 (m,

1H), 1.78-1.68 (m, 1H), 1.61-1.52 (m, 2H), 1.48-1.39 (m, 1H),

1.33 (d, J = 7.2 Hz, 3H), 1.27 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCls) § 201.3, 163.0,
158.0, 144.4, 139.1, 62.7, 39.4, 32.5, 30.5, 28.9, 28.1, 20.4, 13.2.

3n: 17.3 mg, 40% vyield, yellow oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether = 2/1-4/1). *H NMR
(400 MHz, CDCls3) 6 9.24 (s, 1H), 8.18 (d, J = 8.4 Hz, 1H), 8.03 (d, J =
8.4 Hz, 1H), 7.90-7.84 (m, 1H), 7.66-7.60 (m, 1H), 3.86-3.77 (m, 1H),
3.66-3.56 (m, 2H), 2.17-2.07 (m, 1H), 1.96 (br, 1H), 1.87-1.77 (m, 1H),

1.68-1.56 (m, 1H), 1.54-1.44 (m, 1H), 1.41 (d, J = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCl5) &
175.2, 154.6, 150.0, 133.5, 129.3, 127.5, 124.1, 123.7, 62.6, 35.9, 31.9, 30.7, 20.6. FT-IR: v (cm™)
5 2932, 2870, 1569, 1496, 1346, 1268, 1057, 1029. HRMS [ESI] calcd for CisHisN2NaO
[M+Na]* 239.1155, found 239.1150.

Cl

30: 33.2 mg, 42% vyield, yellow oil. Purification by flash

1H), 7.51 (d, J = 2.0 Hz, 1H), 7.19-7.07 (m, 4H), 6.51 (s, 1H),
3.63-3.52 (m, 2H), 2.95-2.86 (m, 1H), 2.04 (br, 1H),

F
/©/ column chromatography (eluent: EtOAc/Petroleum ether =
cl O 1/4-1/1). *H NMR (400 MHz, CDCls) § 7.94 (d, J = 2.0 Hz,
X
—
N

OH
7



1.84-1.74 (m, 1H), 1.68-1.51 (m, 2H), 1.45-1.37 (m, 1H), 1.23 (d, J = 7.2 Hz, 3H); 13C NMR (100
MHz, CDCl3) 6 169.4, 162.5, 159.9 (d, Jcr = 242.9 Hz), 151.2, 150.2 (d, Jc-r = 2.7 Hz), 134.9,
129.9, 128.8, 127.4, 121.9 (d, Jcr = 8.4 HZz), 117.0 (d, Jc-r = 23.4 Hz), 117.0, 105.7, 62.6, 42.2,
32.4, 30.5, 20.6; F NMR (376 MHz, CDCl3) & -117.2 (s). FT-IR: v (cm™) & 2930, 2870, 1599,
1501, 1427, 1361, 1193, 1100, 1057. HRMS [ESI] calcd for C2H19Cl2FNO, [M+H]* 394.0771,
found 394.0778.

5 3p: 47.1 mg, 60% vyield, colorless oil. Purification by flash

column chromatography (eluent: EtOAc/Petroleum ether =

O/\/©/ 1/2-1/1). *H NMR (400 MHz, CDCls) & 8.13-8.09 (m, 1H),

: l\N 7.87-7.84 (m, 1H), 7.79-7.74 (m, 1H), 7.51-7.46 (m, 1H),
7.39-7.35 (m, 2H), 7.31-7.27 (m, 2H), 4.81-4.74 (m, 2H),

N/)\(\AOH 3.68-3.58 (m, 2H), 3.18 (t, J = 7.2 Hz, 2H), 3.14-3.04 (m, 1H),

2.41 (br, 1H), 2.07-1.97 (m, 1H), 1.80-1.69 (m, 1H), 1.68-1.60 (m,

1H), 1.56-1.46 (m, 1H), 1.38 (d, J = 6.8 Hz, 3H), 1.33 (s, 9H); 3C NMR (100 MHz, CDCls) &
170.1, 166.7, 151.1, 149.4, 134.9, 133.3, 128.7, 127.0, 126.0, 125.4, 123.4, 115.0, 67.4, 62.8, 42.9,

34.7, 34.4, 32.0, 31.4, 30.7, 20.2. FT-IR: v (cm) § 3032, 2920, 1620, 1469, 1368, 1298, 1174,
1150, 1087. HRMS [ESI] calcd for C2sH32N2NaO2 [M+Na]* 415.2356, found 415.2346.

Cl 3q: 34.4 mg, 65% yield, yellow oil. Purification by flash column
N chromatography (eluent: EtOAc/Petroleum ether = 1/4-1/1). 'H
_ NMR (400 MHz, CDCls) & 8.17 (dd, J = 8.4, 1.2 Hz, 1H), 8.05 (d,

N OH j =84 Hz 1H), 7.75-7.69 (m, 1H), 7.60-7.54 (m, 1H), 7.37 (s,

1H), 3.63-3.53 (m, 2H), 2.92-2.84 (m, 1H), 2.36 (br, 1H),
1.88-1.74 (m, 4H), 1.59-1.50 (m, 1H), 1.44-1.33 (m, 1H), 0.83 (t, J = 7.6 Hz, 3H); 3C NMR (100
MHz, CDClz) & 165.6, 148.5, 142.8, 130.2, 129.2, 126.7, 125.1, 123.9, 120.2, 62.6, 49.8, 31.2,
30.6, 28.6, 12.0. FT-IR: v (cm™) & 2931, 2872, 1616, 1554, 1457, 1374, 1218, 1151, 1059. HRMS
[ESI] calcd for C1sH1sCINNaO [M+Na]* 286.0969, found 286.0974.

cl 3r: 34.7 mg, 66% vyield, yellow oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/6-1/3). H

NMR (400 MHz, CDCls) 6 8.17 (dd, J = 8.4, 1.2 Hz, 1H), 8.05 (d,

N/ OH J=8.4Hz 1H), 7.75-7.69 (m, 1H), 7.60-7.54 (m, 2H), 3.55 (t, J =

6.0 Hz, 2H), 2.33 (br, 1H), 1.96-1.90 (m, 2H), 1.50-1.44 (m, 2H),

1.43 (s, 6H); *°C NMR (100 MHz, CDCls) 5 168.2, 148.0, 142.6, 130.1, 129.4, 126.8, 124.6, 123.7,

118.9, 63.0, 41.0, 38.1, 28.1. FT-IR: v (cm™) & 2945, 2869, 1684, 1588, 1492, 1365, 1289, 1209,
1102. HRMS [ESI] calcd for C15sH1sCINO [M+H]* 264.1150, found 264.1158.

X

cl 3s: (d.r. = 1:1): 31.7 mg, 60% yield, yellow oil. Purification by

N flash column chromatography (eluent: EtOAc/Petroleum ether =
1/4-1/2). *H NMR (400 MHz, CDCls) & 8.20-8.15 (m, 2H, two

N/ OH isomers), 8.06-8.02 (m, 2H, two isomers), 7.76-7.70 (m, 2H, two
isomers), 7.61-7.55 (m, 2H, two isomers), 7.43 (s, 1H, one

isomer), 7.41 (s, 1H, one isomer), 3.54-3.44 (m, 2H, two isomers), 3.44-3.36 (m, 2H, two isomers),
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3.34-3.24 (m, 1H, one isomer), 3.24-3.15 (m, 1H, one isomer), 2.89 (br, 1H, one isomer), 2.62 (br,
1H, one isomer), 2.21-2.13 (m, 1H, one isomer), 1.78-1.64 (m, 3H, two isomers), 1.56-1.47 (m,
1H, one isomer), 1.46-1.38 (m, 1H, one isomer), 1.36 (d, J = 6.8 Hz, 3H, one isomer), 1.36 (d, J =
7.2 Hz, 3H, one isomer), 0.97 (d, J = 6.4 Hz, 3H, one isomer), 0.89 (d, J = 6.8 Hz, 3H, one
isomer); 3C NMR (100 MHz, CDCl3) & 166.9 & 166.5 (two isomers), 148.4 & 148.2 (two
isomers), 143.1 & 142.9 (two isomers), 130.4 & 130.4 (two isomers), 129.1 (overlap, two
isomers), 126.8 & 126.8 (two isomers), 125.1 & 125.1 (two isomers), 123.9 (overlap, two
isomers), 120.3 & 119.6 (two isomers), 68.2 & 67.8 (two isomers), 40.8 & 40.3 (two isomers),
39.6 & 39.5 (two isomers), 34.3 & 33.5 (two isomers), 22.4 & 20.8 (two isomers), 17.3 & 17.2
(two isomers). FT-IR: v (cm™) & 2926, 2871, 1588, 1495, 1377, 1223, 1150, 1031. HRMS [ESI]
calcd for C15H19CINO [M+H]* 264.1150, found 264.1155.

3t: 404 mg, 70% vyield, yellow oil. Purification by flash column

Cl

chromatography (eluent: EtOAc/Petroleum ether = 1/9-1/3). 'H NMR
A (400 MHz, CDCls) 6 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.03 (d, J = 8.4 Hz,
NT 1H), 7.75-7.69 (m, 1H), 7.60-7.55 (m, 1H), 7.40 (s, 1H), 3.56-3.49 (m,

2H), 2.75-2.63 (m, 2H), 2.12-2.01 (m, 1H), 2.01-1.91 (m, 2H), 1.88-1.78

(m, 2H), 1.58-1.14 (m, 6H); 3C NMR (100 MHz, CDCls) 5 166.0, 148.3,
143.0, 130.4, 129.0, 126.8, 125.1, 123.9, 120.8, 60.4, 52.7, 37.6, 37.5, 34.6, 32.5, 26.4, 26.2.
FT-IR: v (cm™) & 2925, 2853, 1733, 1699, 1588, 1494, 1373, 1223, 1083. HRMS [ESI] calcd for
C17H20CINNaO [M+Na]* 312.1126, found 312.1118.

HO

Cl 3u: 33.7 mg, 53% vyield, yellow oil. Purification by flash column
SN chromatography (eluent: EtOAc/Petroleum ether = 1/6-1/1). H

_ NMR (400 MHz, CDCl3) 6 8.18 (dd, J = 8.4, 1.2 Hz, 1H), 8.05 (d,
N OH " j =84 Hz 1H), 7.75-7.69 (m, 1H), 7.61-7.54 (m, 1H), 7.36 (s,

X 1H), 5.79-5.67 (m, 1H), 4.97-4.85 (m, 2H), 3.65-3.53 (m 2H),
3.00-2.91 (m, 1H), 2.23 (br, 1H), 2.01-1.93 (m, 2H), 1.88-1.69 (m, 4H), 1.60-1.49 (m, 1H),
1.45-1.25 (m, 4H), 1.21-1.11 (m, 1H); *°C NMR (100 MHz, CDCl3) & 165.7, 148.5, 142.8, 138.8,
130.2, 129.2, 126.7, 125.1, 123.9, 120.2, 114.3, 62.6, 48.2, 35.5, 33.5, 31.6, 30.6, 28.9, 27.0.
FT-IR: v (cm™) & 2928, 2856, 1638, 1588, 1494, 1375, 1220, 1150, 1057. HRMS [ESI] calcd for
C1oH2sCINO [M+H]* 318.1619, found 318.1627.

3v: 35.0 mg, 51% yield, yellow oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/5-2/3). 'H

o NMR (400 MHz, CDCls) 6 8.17 (dd, J = 8.4, 1.2 Hz, 1H), 8.07 (d,

NT OH J=8.4Hz 1H), 7.76-7.71 (m, 1H), 7.61-7.56 (m, 1H), 7.27 (s,

1H), 7.23-7.17 (m, 2H), 7.17-7.08 (m, 3H), 3.60-3.49 (m, 2H),

3.31-3.23 (m, 1H), 3.20-3.12 (m, 1H), 3.03-2.96 (m, 1H),

2.02-1.91 (m, 2H), 1.90-1.80 (m, 1H), 1.58-1.46 (m, 1H), 1.46-1.35 (m, 1H); *3C NMR (100 MHz,

CDCl3) 6 164.6, 148.6, 142.5, 139.8, 130.3, 129.3, 129.1, 128.2, 126.8, 126.1, 125.1, 123.9, 121.0,

62.6, 49.9, 42.0, 30.5, 30.5. FT-IR: v (cm™) § 2931, 2858, 1616, 1587, 1474, 1374, 1221, 1151,
1057. HRMS [ESI] calcd for C20H21CINO [M+H]* 326.1306, found 326.1311.

Cl

Ph



cl 3w: 23.2 mg, 46% vyield, yellow oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/3-1/1). H

NMR (400 MHz, CDCls) 6 8.21 (dd, J = 8.4, 0.8 Hz, 1H), 8.08 (d,
N O\/\OH J = 8.4 Hz, 1H), 7.79-7.73 (m, 1H), 7.65-7.59 (m, 2H), 4.74 (q, J

= 6.8 Hz, 1H), 3.84-3.77 (m, 1H), 3.77-3.65 (m, 2H), 3.55-3.49
(m, 1H), 2.92 (br, 1H), 1.57 (d, J = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCls) & 163.4, 148.2,
143.7, 130.6, 129.3, 127.4, 125.7, 124.0, 118.2, 79.3, 70.8, 61.9, 22.3. FT-IR: v (cm™) & 2927,
2867, 1616, 1589, 1457, 1342, 1258, 1175, 1110, 1059. HRMS [ESI] calcd for C13H14CINNaO-
[M+Na]* 274.0605, found 274.0601.

cl 3x: 39.5 mg, 71% yield, yellow oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/10-1/6). *H

NMR (400 MHz, CDCls) 6 8.17 (dd, J = 8.0, 0.8 Hz, 1H), 8.06 (d,

N7 OH J = 84 Hz, 1H), 7.75-7.69 (m, 1H), 7.60-7.55 (m, 2H),

3.77-3.68 (m, 1H), 2.68 (br, 1H), 2.07-1.99 (m, 1H), 1.96-1.87 (m,

1H), 1.42 (s, 3H), 1.42 (s, 3H), 1.40-1.27 (m, 2H), 1.13 (d, J = 6.0 Hz, 3H); *C NMR (100 MHz,

CDCl3) 6 168.2, 148.0, 142.7, 130.2, 129.4, 126.8, 124.6, 123.7, 119.1, 68.1, 41.1, 37.6, 34.5, 28.4,

28.2, 23.4. FT-IR: v (cm™) § 2964, 2929, 1616, 1588, 1473, 1366, 1209, 1103. HRMS [ESI] calcd
for C16H21CINO [M+H]* 278.1306, found 278.1297.

X

Cl 3y: (d.r. = 1:1): 37.4 mg, 67% vyield, yellow oil. Purification by
N flash column chromatography (eluent: EtOAc/Petroleum ether =
_ 1/8-1/2). *H NMR (400 MHz, CDCls) 5 8.18 (d, J = 8.4 Hz, 2H,

N OH  two isomers), 8.06 (d, J = 8.4 Hz, 2H, two isomers), 7.77-7.70 (m,

2H, two isomers), 7.62-7.55 (m, 2H, two isomers), 7.37 (s, 1H,
one isomer), 7.37 (s, 1H, one isomer), 3.83-3.75 (m, 1H, one isomer), 3.73-3.65 (m, 1H, one
isomer), 2.91-2.82 (m, 2H, two isomers), 2.19 (br, 1H, one isomer), 1.95-1.74 (m, 9H, two
isomers), 1.51-1.40 (m, 2H, two isomers), 1.33-1.20 (m, 2H, two isomers), 1.13 (d, J = 5.6 Hz, 3H,
one isomer), 1.11 (d, J = 6.0 Hz, 3H, one isomer), 0.84 (t, J = 7.2 Hz, 6H, two isomers); *C NMR
(100 MHz, CDCl3) 8 165.7 & 165.6 (two isomers), 148.5 & 148.4 (two isomers), 142.7 & 142.7
(two isomers), 130.2 & 130.2 (two isomers), 129.3 & 129.2 (two isomers), 126.7 & 126.7 (two
isomers), 125.1 (overlap, two isomers), 123.9 (overlap, two isomers), 120.3 (overlap, two isomers),
67.9 & 67.8 (two isomers), 50.0 & 50.0 (two isomers), 37.1 & 37.0 (two isomers), 30.9 & 30.8
(two isomers), 28.7 (overlap, two isomers), 23.5 & 23.4 (two isomers), 12.0 & 12.0 (two isomers).
FT-IR: v (cm™) § 2962, 2929, 1616, 1588, 1457, 1373, 1219, 1122, 1028. HRMS [ESI] calcd for
C16H21CINO [M+H]* 278.1306, found 278.1310.

cl 3z: 36.5 mg, 66% yield, yellow oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether = 1/9-1/3). 'H

NMR (400 MHz, CDCl3) & 8.17 (dd, J = 8.4, 0.8 Hz, 1H),

NT OH 8.07-8.03 (m, 1H), 7.75-7.69 (m, 1H), 7.60-7.55 (m, 1H), 7.40 (s,

1H), 3.11-3.01 (m, 1H), 1.99-1.88 (m, 2H), 1.83-1.73 (m, 1H),

1.61-1.52 (m, 1H), 1.37 (d, J = 7.2 Hz, 3H), 1.36-1.28 (m, 1H), 1.18 (s, 3H), 1.18 (s, 3H); *C
NMR (100 MHz, CDCl3) 8 166.6, 148.5, 142.8, 130.2, 129.2, 126.7, 125.1, 123.9, 119.9, 70.7,

X
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42.7, 41.4, 31.0, 29.3, 29.2, 21.0. FT-IR: v (cm?) & 2966, 2931, 1589, 1494, 1375, 1281, 1220,
1053. HRMS [ESI] calcd for C16H21CINO [M+H]* 278.1306, found 278.1310.

cl 3aa: 32.8 mg, 56% vyield, yellow oil. Purification by flash column
N chromatography (eluent: EtOAc/Petroleum ether = 1/20-1/10). 'H
NMR (400 MHz, CDCls) 6 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.06 (d,

—

N OH J=8.4 Hz, 1H), 7.75-7.70 (m, 1H), 7.61-7.55 (m, 2H), 2.80 (br,

1H), 2.02-1.96 (m, 2H), 1.42 (s, 6H), 1.41-1.35 (m, 2H), 1.19 (s,

6H); 1°C NMR (100 MHz, CDCls) 5 168.1, 148.0, 142.7, 130.2, 129.3, 126.8, 124.6, 123.7, 119.2,

70.7, 41.1, 38.6, 35.9, 29.3, 28.4. FT-IR: v (cm™)) & 2966, 2930, 1617, 1589, 1458, 1365, 1268,
1192, 1091. HRMS [ESI] calcd for C17H2,CINNaO [M+Na]* 314.1282, found 314.1284.

3ab: (d.r. = 1:1): 41.8 mg, 72% vyield, yellow oil. Purification by

flash column chromatography (eluent: EtOAc/Petroleum ether =

o 1/2-1/1). 'H NMR (400 MHz, CDCls3) & 8.17 (dd, J = 8.0, 0.8 Hz,

N/ OH 2H, two isomers), 8.04 (d, J = 8.4 Hz, 2H, two isomers), 7.76-7.70

(m, 2H, two isomers), 7.60-7.54 (m, 2H, two isomers), 7.40 (s, 1H,

one isomer), 7.37 (s, 1H, one isomer), 4.06-3.95 (m, 2H, two

isomers), 3.16-3.03 (m, 2H, two isomers), 2.17-1.55 (m, 26H, two isomers); *C NMR (100 MHz,

CDCl3z) 6 168.0 & 167.8 (two isomers), 148.4 & 148.4 (two isomers), 142.7 & 142.6 (two

isomers), 130.2 & 130.2 (two isomers), 129.3 & 129.3 (two isomers), 126.7 (overlap, two

isomers), 125.0 & 125.0 (two isomers), 123.9 & 123.9 (two isomers), 120.2 & 120.0 (two

isomers), 72.2 & 71.3 (two isomers), 48.1 & 47.8 (two isomers), 34.7 & 34.2 (two isomers), 33.9

& 33.2 (two isomers), 31.6 & 31.4 (two isomers), 29.2 & 28.3 (two isomers), 26.5 & 26.4 (two

isomers), 22.9 & 22.3 (two isomers). FT-IR: v (cm™) & 2924, 2855, 1616, 1588, 1494, 1375, 1218,
1150, 1044. HRMS [ESI] calcd for C17H2:CINO [M+H]* 290.1306, found 290.1301.

Cl

cl 5a: 30.9 mg, 75% vyield, yellow oil. Purification by flash column
N chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400

MHz, CDCls) 6 8.17 (dd, J = 8.4, 1.2 Hz, 1H), 8.08-8.04 (m, 1H), 7.75-7.69
—

N (m, 1H), 7.59-7.54 (m, 1H), 7.43 (s, 1H), 3.29-3.17 (m, 1H), 1.39 (d, J = 6.8

Hz, 6H); 13C NMR (100 MHz, CDCl3) & 167.6, 148.6, 142.6, 130.1, 129.3,
126.6, 125.1, 123.9, 119.4, 37.2, 22.3. FT-IR: v (cml) & 2963, 1615, 1553, 1409, 1328, 1253,
1217, 1148, 1024. HRMS [ESI] calcd for C1,H13CIN [M+H]* 206.0731, found 206.0739.

5b: 28.5 mg, 77% vyield, colorless oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/60). 'H NMR

(400 MHz, CDCls) & 8.05 (dd, J = 8.4, 0.4 Hz, 1H), 7.94 (dd, J = 8.0, 0.8 Hz,

N 1H), 7.69-7.64 (m, 1H), 7.52-7.46 (m, 1H), 7.19-7.16 (m, 1H), 3.28-3.16 (m,

1H), 2.68 (d, J = 0.8 Hz, 3H), 1.39 (d, J = 7.2 Hz, 6H); *C NMR (100 MHz,

CDCls) 6 167.3, 147.6, 144.3, 129.5, 128.9, 127.0, 125.4, 123.5, 119.7, 37.2, 22.5, 18.8. FT-IR: v

(cm™) § 2962, 1603, 1561, 1471, 1412, 1341, 1261, 1188, 1152, 1089, 1033. HRMS [ESI] calcd
for C13H1eN [M+H]* 186.1277, found 186.1270.
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Cl 5c: 35.1 mg, 73% yield, yellow oil. Purification by flash column
X chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR
_ (400 MHz, CDCls) 6 8.08 (d, J = 9.2 Hz, 1H), 8.05 (d, J = 2.0 Hz, 1H),

7.50 (dd, J=9.2, 2.4 Hz, 1H), 7.40 (s, 1H), 3.25-3.14 (m, 1H), 1.37 (d, J

= 6.8 Hz, 6H); 3C NMR (100 MHz, CDCls) & 168.9, 149.0, 142.5,
136.2, 128.3, 127.5, 125.2, 123.5, 119.7, 37.1, 22.2. FT-IR: v (cm™) & 2964, 1607, 1547, 1458,
1386, 1302, 1265, 1146, 1091, 1048. HRMS [ESI] calcd for C12H12CIoN [M+H]* 240.0341, found
240.0344.

Cl N

cl 5d: 26.9 mg, 60% vyield, yellow oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400

MHz, CDCls) 6 8.05 (dd, J = 9.2, 5.2 Hz, 1H), 7.78 (dd, J = 9.2, 2.8 Hz,
N 1H), 7.51-7.45 (m, 1H), 7.44 (s, 1H), 3.27-3.15 (m, 1H), 1.38 (d, J = 6.8

Hz, 6H); 3C NMR (100 MHz, CDCls) 8 166.9 (d, Jcr = 2.5 Hz), 160.7 (d,
Jcr = 246.5 Hz), 145.6, 141.8 (d, Jc-r = 5.6 Hz), 131.9 (d, Jc-r = 9.1 Hz), 125.9 (d, Jc-r = 10.0 Hz),
120.3 (d, Jcr = 25.5 Hz), 120.1, 107.7 (d, Jc-r = 24.3 Hz), 37.0, 22.3; **F NMR (376 MHz, CDCls)
8 -112.5 (s). FT-IR: v (em™) § 2965, 1626, 1560, 1459, 1386, 1313, 1224, 1146, 1088, 1046.
HRMS [ESI] calcd for C12H12CIFN [M+H]* 224.0637, found 224.0632.

n

\

5e: 33.6 mg, 68% vyield, colorless oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/80). *H NMR

(400 MHz, CDCls3) 5 8.25-8.20 (m, 1H), 8.20-8.15 (m, 2H), 8.13-8.09 (m,

1H), 7.80 (s, 1H), 7.75-7.69 (m, 1H), 7.58-7.52 (m, 3H), 7.51-7.45 (m,
O 1H), 3.86-3.75 (m, 1H), 1.48 (d, J = 6.8 Hz, 6H); *C NMR (100 MHz,

CDCls) 6 157.3, 154.9, 148.5, 140.2, 130.7, 129.1, 129.0, 128.7, 127.6,
125.9, 125.8, 122.9, 114.9, 28.5, 23.0. FT-IR: v (cm™) § 2902, 1615, 1550, 1508, 1458, 1364,
1292, 1181, 1058. HRMS [ESI] calcd for C1gH1sN [M+H]* 248.1434, found 248.1432.

W,
A/

Br 5f: 29.8 mg, 60% vyield, yellow oil. Purification by flash column chromatography
(eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400 MHz, CDCls) & 8.67 (s,
1H), 8.23-8.17 (m, 2H), 7.79-7.73 (m, 1H), 7.67-7.61 (m, 1H), 3.97-3.85 (M, 1H),
1.43 (d, J = 6.8 Hz, 6H); 3C NMR (100 MHz, CDCl3) & 165.9, 143.6, 134.9,
130.8, 127.7, 127.5, 126.8, 125.1, 117.6, 31.0, 22.1. FT-IR: v (cm™) § 2964, 1616,
1563, 1467, 1387, 1285, 1189, 1124, 1065, 1008. HRMS [ESI] calcd for C12H1BrN [M+H]*
250.0226, found 250.0217.

\,_/

5¢9: 352 mg, 80% yield, colorless oil. Purification by flash column
O chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400 MHz,
CDCls) 6 8.68-8.63 (m, 1H), 8.54 (dd, J = 8.4, 1.2 Hz, 1H), 8.35-8.30 (m, 1H),
8.17 (dd, J = 8.4, 1.2 Hz, 1H), 7.85-7.78 (m, 1H), 7.75-7.66 (m, 2H), 7.65-7.58
(m, 1H), 4.07-3.95 (m, 1H), 1.54 (d, J = 6.8 Hz, 6H); *C NMR (100 MHz,
CDCl3) 6 165.8, 143.8, 133.0, 129.9, 129.9, 128.3, 127.0, 126.1, 125.6, 124.7,

\
z
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123.4,122.5,121.8, 31.4,21.9. FT-IR: v (cm™) § 2964, 1611, 1526, 1486, 1382, 1289, 1211, 1162,
1110, 1006. HRMS [ESI] calcd for C16H1sN [M+H]* 222.1277, found 222.1286.

5h: 19.0 mg, 43% yield, yellow oil. Purification by flash column

N chromatography (eluent: EtOAc/Petroleum ether = 1/50-1/10). *H NMR (400

O / MHz, CDCls) 6 8.44 (d, J = 9.2 Hz, 2H), 8.24 (dd, J = 8.8, 0.4 Hz, 2H),

N 7.77-7.71 (m, 2H), 7.55-7.49 (m, 2H), 4.60-4.47 (m, 1H), 1.76 (d, J = 7.6 Hz,

6H); 13C NMR (100 MHz, CDCls) 6 152.0, 149.0, 130.8, 129.4, 125.0, 124.5, 28.4, 22.8. FT-IR: v

(cm™) & 2929, 1626, 1590, 1458, 1384, 1274, 1158, 1026. HRMS [ESI] caled for CigHiN
[M+H]* 222.1277, found 222.1285.

cl N 5i: 12.7 mg, 30% vyield, yellow oil. Purification by flash column

\©: \>—< chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400

S MHz, CDCl3) & 7.95 (d, J = 2.0 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.31

(dd, J = 8.8, 2.0 Hz, 1H), 3.47-3.35 (m, 1H), 1.47 (d, J = 6.8 Hz, 6H); 3C NMR (100 MHz,

CDCls) 6 180.6, 154.0, 133.0, 131.8, 125.0, 122.5, 122.2, 34.2, 22.8. FT-IR: v (cm™) & 2967, 1589,

1510, 1462, 1384, 1247, 1144, 1095, 1004. HRMS [ESI] calcd for CioH10CINNaS [M+Na]*
234.0115, found 234.0106.

N. _Cl  5j: 25.2 mg, 61% vyield, white solid, m.p. 61-62 °C. Purification by flash

@ A column chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR

N (400 MHz, CDCl3) 6 8.07-8.03 (m, 1H), 7.98-7.94 (m, 1H), 7.75-7.66 (m,

2H), 3.76-3.64 (m, 1H), 1.41 (d, J = 6.8 Hz, 6H); 3C NMR (100 MHz,

CDCls) 6 159.8, 147.3, 141.1, 140.7, 129.9, 129.8, 128.8, 128.0, 32.6, 21.0. FT-IR: v (cm™) &

2967, 1610, 1562, 1467, 1443, 1359, 1311, 1266, 1159, 1020. HRMS [ESI] calcd for C11H12CIN;
[M+H]* 207.0684, found 207.0691.

0 5k: 15.3 mg, 40% vyield, colorless oil. Purification by flash column
N chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/80). 'H NMR
éi/ | (400 MHz, CDCls) 4 8.33 (s, 1H), 3.19-3.07 (m, 3H), 2.68 (s, 3H), 1.34 (d, J
SN = 6.8 Hz, 6H), 1.27 (t, J = 7.6 Hz, 3H); 3C NMR (100 MHz, CDCls)  201.3,

163.9, 157.9, 144.3, 138.4, 34.3, 28.9, 28.1, 21.9, 13.2. FT-IR: v (cm™?) §
2968, 1698, 1552, 1459, 1386, 1281, 1147, 1100, 1017. HRMS [ESI] calcd for Ci11H17N20
[M+H]* 193.1335, found 193.1337.

CN 51: 16.3 mg, 36% yield, white solid, m.p. 57-58 °C. Purification by flash column
)\ chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/60). *H NMR (400
N™ >N
| P MHz, CDCls) & 8.79 (s, 1H), 3.56-3.45 (m, 1H), 1.30 (d, J = 6.8 Hz, 6H); 3C

NMR (100 MHz, CDCls) & 175.3, 159.4, 143.1, 123.8, 115.4, 34.2, 20.4. FT-IR: v
Br (cm™) § 2929, 1590, 1470, 1430, 1382, 1330, 1219, 1095, 1007. HRMS [EI] calcd
for CgHgBrNs [M]* 224.9896, found 224.9899.

5m: 15.4 mg, 36% yield, yellow oil. Purification by flash column
N\\H\ chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/80). 'H NMR

_N
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(400 MHz, CDCl3) 6 8.11 (d, J = 8.4 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.81-7.76 (m, 1H),
7.55-7.50 (m, 1H), 3.94-3.82 (m, 1H), 3.37-3.26 (m, 1H), 1.42 (d, J = 6.8 Hz, 12H); *C NMR
(100 MHz, CDClz) 6 175.3,170.9, 150.4, 132.7, 128.9, 126.1, 123.9, 121.3, 38.0, 30.9, 21.8, 21.7.
FT-IR: v (cm™) § 2965, 1616, 1558, 1456, 1391, 1240, 1163, 1131, 1094, 1009. HRMS [ESI]
calcd for C14H19N2 [M+H]* 215.1543, found 215.1534.

0 5n: 11.3 mg, 30% yield, yellow oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/30-1/15). *H NMR (400

| MHz, CDCls) 6 8.18 (dd, J = 8.0, 1.6 Hz, 1H), 7.67-7.61 (m, 1H), 7.45-7.42

(6] (m, 1H), 7.40-7.34 (m, 1H), 6.19 (s, 1H), 2.92-2.81 (m, 1H), 1.32 (d, J = 6.8

Hz, 6H); 3C NMR (100 MHz, CDCls) § 178.7, 174.2, 156.5, 133.4, 125.6,

124.8, 123.7, 117.8, 107.6, 33.2, 20.1. FT-IR: v (cm™) & 2970, 1633, 1569, 1464, 1395, 1247,
1210, 1123, 1037. HRMS [ESI] calcd for C12H130, [M+H]* 189.0910, found 189.0916.

50: 37.5 mg, 54% yield, yellow solid, m.p. 49-50 °C. Purification by
flash column chromatography (eluent: EtOAc/Petroleum ether =
1/100-1/80). *H NMR (400 MHz, CDCls) § 7.97 (d, J = 2.0 Hz, 1H),
7.51 (d, J = 2.0 Hz, 1H), 7.18-7.08 (m, 4H), 6.54 (s, 1H), 3.09-2.97
(m, 1H), 1.25 (d, J = 7.2 Hz, 6H); 3C NMR (100 MHz, CDCls) &
170.4, 162.4, 159.8 (d, Jc-r = 242.6 Hz), 151.4, 150.3 (d, Jc.r = 2.8
Hz), 134.8, 129.9, 128.6, 127.5, 121.9 (d, Jcr = 8.3 Hz), 117.0 (d,
Jcr = 23.5 Hz), 117.0, 105.3, 37.0, 22.0; F NMR (376 MHz, CDCl3) 5 -117.4 (s). FT-IR: v (cm™)
& 2966, 1599, 1502, 1426, 1342, 1318, 1235, 1142, 1091, 1012. HRMS [ESI] calcd for
C1gH15CI.FNO [M+H]* 350.0509, found 350.0508.

F

Cl O
X
Pz

N

Cl

5p: 24.5 mg, 31% vyield, colorless oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether = 1/2-1/1). 'H NMR
(400 MHz, CDz0D) 6 8.87 (d, J = 1.6 Hz, 1H), 8.29 (s, 1H), 7.57-7.49
(m, 2H), 7.01-6.93 (m, 1H), 6.90-6.83 (m, 1H), 4.81 (d, J = 14.4 Hz,
1H), 4.38 (d, J = 14.0 Hz, 1H), 4.19-4.12 (m, 1H), 3.51-3.39 (m, 1H),
F 1.34 (d, J = 6.8 Hz, 3H), 1.32 (d, J = 6.8 Hz, 3H), 1.11 (d, J = 7.2 Hz,
(J;N 3H); 13C NMR (100 MHz, CD30D) & 164.7 (d, J = 14.1 Hz), 164.2 (dd,
N J =246.8, 12.6 Hz), 160.4 (dd, J = 245.1, 11.8 Hz), 158.8 (d, J = 14.5
Hz), 155.0 (d, J = 260.5 Hz), 154.2 (d, J = 9.7 Hz), 150.9, 145.8, 131.7 (dd, J = 9.4, 5.7 Hz), 125.4
(dd, J = 12.0, 3.7 Hz), 112.1 (dd, J = 20.7, 3.3 Hz), 105.0 (dd, J = 27.9, 26.0 Hz), 78.5 (d, J = 5.0
Hz), 58.1 (d, J = 5.0 Hz), 38.4 (d, J = 5.4 Hz), 30.4, 20.9 (d, J = 6.3 Hz), 15.9; *°F NMR (376
MHz, CDs0D) 6 -109.5 (d, J = 8.6 Hz, 1F), -112.8 (d, J = 8.6 Hz, 1F), -140.7 (s, 1F). FT-IR: v
(cm?) & 2974, 1618, 1591, 1500, 1408, 1337, 1205, 1137, 1054. HRMS [EI] calcd for
C19H20F3N50 [|\/|]Jr 391.1620, found 391.1618.

cl 5q: 24.3 mg, 55% vyield, yellow oil. Purification by flash column
chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400
MHz, CDCl3) 6 8.17 (dd, J = 8.0, 0.8 Hz, 1H), 8.09-8.04 (m, 1H),
N 7.75-7.69 (m, 1H), 7.59-7.54 (m, 1H), 7.39 (s, 1H), 3.03-2.93 (m, 1H),

X

\
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1.91-1.79 (m, 1H), 1.77-1.65 (m, 1H), 1.36 (d, J = 6.8 Hz, 3H), 0.90 (t, J = 7.2 Hz, 3H); °C NMR
(100 MHz, CDCl3) & 167.0, 148.6, 142.6, 130.1, 129.3, 126.6, 125.1, 123.9, 119.7, 44.5, 29.8,
20.2,12.1. FT-IR: v (cm™) 8 2962, 1615, 1589, 1456, 1376, 1283, 1148, 1084, 1025. HRMS [ESI]
calcd for C13H1sCIN [M+H]* 220.0888, found 220.0889.

Cl 5r: 26.3 mg, 56% yield, colorless oil. Purification by flash column
N chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400
_ MHz, CDCls) 6 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.10-8.06 (m, 1H), 7.74-7.68
N (m, 1H), 7.58-7.52 (m, 1H), 7.35 (s, 1H), 2.80-2.70 (m, 1H), 1.83-1.73 (m,

4H), 0.83 (t, J = 7.6 Hz, 6H); *C NMR (100 MHz, CDCls) & 166.0, 148.7,
142.4, 130.0, 129.4, 126.5, 125.1, 123.8, 120.2, 52.1, 28.1, 12.1. FT-IR: v (cm™) § 2961, 1615,
1553, 1458, 1410, 1372, 1286, 1169, 1104, 1057. HRMS [EI] calcd for C14H16CIN [M]* 233.0966,
found 233.0965.

5s: 43.6 mg, 67% vyield, colorless oil. Purification by flash
column chromatography (eluent: EtOAc/Petroleum ether = 1/100).
'H NMR (400 MHz, CDCls) 6 8.19 (dd, J = 8.4, 0.8 Hz, 1H),
8.13-8.09 (m, 1H), 7.78-7.72 (m, 1H), 7.62-7.56 (m, 1H), 7.35 (s,
O 1H), 7.14-7.08 (m, 4H), 3.42-3.32 (m, 1H), 3.22 (dd, J = 13.6, 6.4

zZ (@)
N /=

Hz, 1H), 2.93-2.83 (m, 2H), 1.37 (d, J = 7.2 Hz, 3H), 1.24 (d, J =

6.8 Hz, 6H); 3C NMR (100 MHz, CDCls) & 166.3, 148.7, 146.5,

142.4, 137.4, 130.1, 129.4, 129.0, 126.6, 126.3, 125.1, 123.9,
120.4, 44.4, 42.4, 33.6, 24.0, 24.0, 19.9. FT-IR: v (cm') & 2960, 1615, 1553, 1493, 1363, 1220,
1162, 1094. HRMS [ESI] calcd for Co1Ha3CIN [M+H]* 324.1514, found 324.1510.

cl 5t: 39.7 mg, 90% vyield, colorless oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400

MHz, CDCl3) 6 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.07 (d, J = 8.4 Hz, 1H),

N 7.75-7.69 (m, 1H), 7.60 (s, 1H), 7.60-7.54 (m, 1H), 1.46 (s, 9H); *C NMR

(100 MHz, CDCl3) & 169.4, 148.3, 142.3, 129.9, 129.7, 126.6, 124.7, 123.7,

118.5, 38.3, 30.0. FT-IR: v (cm™) & 2957, 1617, 1551, 1461, 1364, 1302, 1245, 1148, 1024.
HRMS [ESI] calcd for C13H1sCIN [M+H]* 220.0888, found 220.0884.

X

Cl 5u: 49.7 mg, 80% vyield, colorless oil. Purification by flash

column chromatography (eluent: EtOAc/Petroleum ether =

1/100). *H NMR (400 MHz, CDCl3) & 8.20 (dd, J = 8.4, 0.8 Hz,
O 1H), 8.16-8.10 (m, 1H), 7.79-7.73 (m, 1H), 7.64-7.57 (m, 1H),

7.46 (s, 1H), 7.08-7.01 (m, 1H), 7.00-6.95 (m, 1H), 6.76 (s, 1H),
6.73-6.68 (m, 1H), 3.10 (s, 2H), 2.23 (s, 3H), 1.47 (s, 6H); 1*C NMR (100 MHz, CDCls) & 168.1,
148.3, 142.0, 138.6, 137.0, 131.4, 129.9, 129.8, 127.5, 127.4, 126.7, 126.7, 124.6, 123.7, 119.2,
48.9, 42.4, 27.3, 21.3. FT-IR: v (cm™) & 2921, 1607, 1586, 1492, 1406, 1386, 1290, 1221, 1141,
1101, 1050. HRMS [EI] calcd for C20H20CIN [M]* 309.1279, found 309.1277.

W,
A/
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cl 5v. 18.6 mg, 40% vyield, yellow oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/30-1/15). 'H NMR

(400 MHz, CDCls) 6 8.22-8.18 (m, 1H), 8.07-8.03 (m, 1H), 7.76-7.71 (m,

N 1H), 7.71 (s, 1H), 7.61-7.56 (m, 1H), 5.17-5.12 (m, 1H), 4.20-4.13 (m, 1H),

O 4.07-4.00 (m, 1H), 2.56-2.46 (m, 1H), 2.13-1.97 (m, 3H); 3C NMR (100

MHz, CDClz) & 163.8, 148.4, 143.2, 130.3, 129.3, 127.0, 125.5, 124.0, 118.2, 81.5, 69.3, 33.3,

25.9. FT-IR: v (em™) § 2872, 1615, 1553, 1461, 1363, 1262, 1201, 1107. HRMS [ESI] calcd for
C13H13CINO [M+H]* 234.0680, found 234.0674.

\

cl 5w: 30.0 mg, 65% vyield, colorless oil. Purification by flash column
N chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400
_ MHz, CDCl3) & 8.17 (dd, J = 8.0, 0.8 Hz, 1H), 8.07-8.02 (m, 1H),

N 7.75-7.69 (m, 1H), 7.59-7.54 (m, 1H), 7.43 (s, 1H), 3.40-3.30 (m, 1H),

2.24-2.12 (m, 2H), 1.94-1.83 (m, 4H), 1.80-1.68 (m, 2H); 3C NMR (100

MHz, CDCls) 5 166.3, 148.5, 142.4, 130.1, 129.3, 126.5, 125.0, 123.8, 120.2, 48.6, 33.5, 25.9.

FT-IR: v (cm) & 2950, 1696, 1588, 1493, 1364, 1277, 1149, 1043. HRMS [ESI] calcd for
C4H1sCIN [M+H]* 232.0888, found 232.0880.

Cl 5x: 31.5 mg, 64% vyield, colorless oil. Purification by flash column
SN chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400
_ MHz, CDCl3) 6 8.17 (dd, J = 8.4, 1.2 Hz, 1H), 8.08-8.03 (m, 1H),
N 7.74-7.69 (m, 1H), 7.58-7.53 (m, 1H), 7.42 (s, 1H), 2.93-2.84 (m, 1H),

2.06-1.98 (m, 2H), 1.94-1.85 (m, 2H), 1.83-1.74 (m, 1H), 1.67-1.55 (m,
2H), 1.52-1.40 (m, 2H), 1.38-1.26 (m, 1H); *C NMR (100 MHz, CDCls) § 166.8, 148.7, 142.6,
130.1, 129.3, 126.5, 125.1, 123.8, 119.8, 47.4, 32.7, 26.4, 26.0. FT-IR: v (cm™) § 2925, 1598,
1493, 1410, 1372, 1214, 1149, 1119, 1039. HRMS [ESI] calcd for C15sH17CIN [M+H]* 246.1044,
found 246.1037.

Cl 5y: 21.4 mg, 41% vyield, colorless oil. Purification by flash column
N chromatography (eluent: EtOAc/Petroleum ether = 1/100). *H NMR (400
_ MHz, CDClz) & 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.07-8.02 (m, 1H),
N

7.75-7.69 (m, 1H), 7.59-7.53 (m, 1H), 7.39 (s, 1H), 3.09-3.01 (m, 1H),
2.08-2.00 (m, 2H), 1.92-1.60 (M, 10H); 3C NMR (100 MHz, CDCls) &
168.3, 148.4, 142.6, 130.1, 129.2, 126.5, 125.0, 123.9, 119.8, 49.4, 34.9, 27.9, 27.3. FT-IR: v
(cm) & 2920, 1588, 1492, 1409, 1375, 1303, 1282, 1216, 1116, 1025. HRMS [ESI] calcd for
C1sH1sCIN [M+H]* 260.1201, found 260.12086.

5z: 21.3 mg, 41% vyield, white solid, m.p. 66-67 °C. Purification by
flash column chromatography (eluent: EtOAc/Petroleum ether = 1/100).
'H NMR (400 MHz, CDCls) & 8.20-8.16 (m, 1H), 8.08-8.03 (m, 1H),
‘ 7.76-7.70 (m, 1H), 7.60-7.55 (m, 1H), 7.43 (s, 1H), 5.54-5.49 (m, 1H),
3.14-3.04 (m, 1H), 2.42-2.35 (m, 2H), 2.28-2.15 (m, 1H), 2.14-2.02 (m,
2H), 1.98-1.86 (m, 1H), 1.73 (s, 3H); *3C NMR (100 MHz, CDCls) § 166.3, 148.6, 142.6, 134.0,
130.2, 129.3, 126.6, 125.1, 123.9, 120.1, 119.9, 42.9, 31.4, 30.3, 28.8, 23.6. FT-IR: v (cm™) §

zZ (@)
N /=
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2927, 1590, 1493, 1436, 1375, 1312, 1273, 1215, 1163, 1120, 1017. HRMS [ESI] calcd for
C16H17CIN [M+H]* 258.1044, found 258.1050.

Cl 5aa: 35.5 mg, 62% vyield, colorless oil. Purification by flash column
% chromatography (eluent: EtOAc/Petroleum ether = 1/100). 'H NMR
S | (400 MHz, CDCl3) 6 8.16 (dd, J = 8.4, 0.8 Hz, 1H), 8.06 (d, J = 8.4 Hz,

N 1H), 7.75-7.68 (m, 1H), 7.59-7.53 (m, 1H), 7.42 (s, 1H), 3.58-3.51 (m,

1H), 2.29-2.16 (m, 3H), 2.05-1.91 (m, 4H), 1.86-1.82 (m, 1H), 1.29 (s,
3H), 1.02 (s, 3H); 13C NMR (100 MHz, CDCls) § 166.7, 148.5, 142.5, 130.0, 129.4, 126.5, 125.1,
123.8, 120.2, 45.9, 43.9, 40.0, 39.8, 26.7, 24.5, 24.0, 20.8, 20.3. FT-IR: v (cm) & 2909, 1726,
1615, 1553, 1460, 1302, 1260, 1165, 1117, 1025. HRMS [ESI] calcd for CisHaCIN [M+H]*
286.1357, found 286.1352.

Cl 5ab: 27.5 mg, 53% yield, yellow oil. Purification by flash column

chromatography (eluent: EtOAc/Petroleum ether = 1/80-1/15). *H

NMR (400 MHz, CDCls) 6 8.17 (dd, J = 8.4, 0.8 Hz, 1H), 8.03 (d,

J = 8.0 Hz, 1H), 7.76-7.70 (m, 1H), 7.60-7.55 (m, 1H), 7.39 (s,
O 1H), 2.95 (t, J = 7.6 Hz, 2H), 2.49 (t, J = 7.2 Hz, 2H), 2.13 (s,
3H), 1.87-1.78 (m, 2H), 1.73-1.64 (m, 2H); 3C NMR (100 MHz, CDCls) & 208.8, 162.2, 148.7,
142.6, 130.3, 129.1, 126.7, 124.9, 123.9, 121.3, 43.4, 38.7, 29.9, 29.0, 23.4. FT-IR: v (cm™) §
2929, 1713, 1615, 1589, 1459, 1358, 1292, 1164, 1073, 1024. HRMS [ESI] calcd for
C15H16CINNaO [M+Na]* 284.0813, found 284.0806.

X
=
N

cl 5ac: 18.8 mg, 35% vyield, white solid, m.p. 133-134 °C. Purification by

flash column chromatography (eluent: EtOAc/Petroleum ether =

O 1/100-1/50). *H NMR (400 MHz, CDCls) & 8.34-8.30 (m, 1H),

8.27-8.20 (m, 4H), 7.87-7.82 (m, 1H), 7.79-7.74 (m, 1H), 7.67-7.61 (m,

O 1H), 7.55-7.50 (m, 2H); *3C NMR (100 MHz, CDCls) & 192.5, 154.4,

147.6, 143.8, 135.7, 133.3, 131.4, 130.9, 129.4, 128.2, 127.1, 124.1, 121.0. FT-IR: v (cm™) § 2923,

1661, 1514, 1447, 1323, 1263, 1207, 1158, 1077. HRMS [ESI] calcd for C16H10CINNaO [M+Na]*
290.0343, found 290.0340.

W,
A/

Cl 5ad: 12.2 mg, 30% yield, white solid, m.p. 89-90 °C. Purification by flash

N column chromatography (eluent: EtOAc/Petroleum ether = 1/100-1/50). H

_ NMR (400 MHz, CDCls) $ 8.30-8.26 (m, 1H), 8.24-8.21 (m, 1H), 8.20 (s,

N 1H), 7.87-7.82 (m, 1H), 7.78-7.73 (m, 1H), 2.85 (s, 3H); 3C NMR (100 MHz,

O CDCl3) 6 199.5, 152.9, 148.0, 143.7, 130.9, 130.8, 129.6, 127.6, 124.2, 118.2,

25.4. FT-IR: v (em™) & 2921, 1654, 1577, 1496, 1406, 1306, 1242, 1155, 1086. HRMS [ESI] calcd
for C11HoeCINO [M+H]* 206.0367, found 206.0366.

5ae: (d.r. > 20:1): 19.7 mg, 31% yield, colorless oil. Purification by

N flash column chromatography (eluent: EtOAc/Petroleum ether =

o) 1/80-1/40). 'H NMR (400 MHz, CDCls) & 8.08 (d, J = 8.0 Hz, 1H),

| O\ 7.96 (dd, J = 8.4, 0.8 Hz, 1H), 7.71-7.65 (m, 1H), 7.56-7.49 (m, 2H),
0)(

\

o
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5.76 (dd, J = 6.0, 1.2 Hz, 1H), 5.42 (brs, 1H), 5.16 (brs, 1H), 4.64 (d, J = 6.0 Hz, 1H), 3.29 (s, 3H),
2.71 (d, J = 0.8 Hz, 3H), 1.60 (s, 3H), 1.42 (s, 3H); *C NMR (100 MHz, CDCls) & 159.5, 147.1,
144.2, 130.1, 129.0, 127.3, 126.1, 123.5, 119.6, 112.5, 110.5, 88.8, 85.3, 83.6, 55.4, 26.7, 25.3,
18.8.

6. H, 13C and *F NMR spectra

Value

Bruker BioSpin GmbH
cnel3

298. 1

2

requency400. 13

1

N OH
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2 Solvent

298.2

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 13

6 Nucleus

OH

Cl
e
P>
N

3ab

0'9¢

FS0'¢

S0

J 10T
10T
A 70°T
10z
w 007

007

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -10
f1 (ppm)

9.5

682'CC
€68'¢C
¥9€°92
691°'9¢
csese
L6162
Goe'Le
L19°'1LE
88l°€€
268'€e V
Leeve
169'7€
1101y
mwo.wv >

v6Z'LL
m?.ﬁ%
£89'9/
ooo.tw
8LEL.

296611
191°0¢h
L.8€cl
L.8°¢€ch
¥86'vel
Lco'seh
969'9¢t
o0lz'62h
Le'ect
802'0¢}
9€C’0el
0c9evl
soLevl >
ocy'evl
hmv.ww_‘ 7

mmw.hov
¢00'891 >

Value

Parameter

Bruker BioSpin Gmbl

CDC13,
298.3

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency100. 61

13C

6 Nucleus

cl

OH

3ab

|

-10

80 70 60 50 40 30 20 10

90

110

130

150

170

190

210

f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin Gmbt
2 Solvent cnels
3 Temperature 298. 2
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus i
Cl
S
P
N
T |
! I ‘H‘
| il |
QDR S <
cocococo - ©
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 6.0 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
f1 (ppm)
- T - LOM®O=®m
o Dt ONDN LW 0o m - -
© 0 © Mo ®OM 589 © 2
~ ® N SHROWOD NN NE ]
© T T ONNNN— NN © ~ o
- - v Tr+vcev-« [N N © ~
I (. ~ ~ I I
Parameter Value
1 0rigin Bruker BioSpin Gubl
2 Solvent coel3

3 Temperature
4 Number of Scans

6 Nucleus

5 Spectrometer Frequency100. 62

298.2
20

13C

Cl
s
>
N

5a

T T T
210 200 190

T
180

T T T
170 160 150

140

130

47
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50
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TOODNTTD-—OFT=NTOON - OT—DNOOTN ONWNOMWSN o =
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Parameter Value
10rigin Bruker BioSpin Gmbt
2 Solvent cDe13
3 Temperature 298.2
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus H
R
P
N
5b
|
i [ |
i “ ‘ Il
‘ | L l
a'dw o & & &
DO R = < <
co+~+~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 5.5 5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.
f1 (ppm)
™ ©ON MO 0w
-~ KO QOXNWON ~Noo - < @
« AN 0O RMWN =5 S Q®©
~ N < O 0 WO WMo Mmoo © N <~
© Y A NANNN— NI~ © ~ o ©
= - ~r v [N N ) N~
I Vol ~ ~ I [
Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent cnel3
3 Temperature 298.2
4 Number of Scans 18
5 Spectrometer Frequencyl00. 62 |
6 Nucleus 13C I
=
P
N
5h 0!
|
|
Yn TR \“‘\‘H‘\M‘\H\H\ 0 U AT ot
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 0 -10
f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin Gmbi
2 Solvent cnei3
3 Temperature 295.8
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus H
Cl
=
=
Cl N
5¢
i
|
I |
‘ i )
| il b 1
0 0 < <
oo oo - ©
T T T T T T T T T T T T T T T T T T T T
100 9.5 9.0 85 80 7.5 7.0 65 6.0 50 45 40 35 30 25 20 1.5 L. 0.5 0.0 0.5
f1 (ppm)
- CTOSTNOWOY
o NNOONT IO © o ® o ©
) S = QOB R TSow 2 S
© O N © WM IO M o M N N
© TITOANA N+ ~N© ~ N
- ARLIBCIRL LN R [N N 1) N
I [N S\ ~ I I
Parameter Value
1 0rigin Bruker BioSpin Gubt
2 Solvent cnei3
3 Temperature 296. 1
4 Number of Scans 22
5 Spectrometer Frequency100. 61
6 Nucleus 13C
cl
S,
- \‘
Cl N
5¢
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 40 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
f1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin Gub
2 Solvent cDel3
3 Temperature 295. 4
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus H
Cl
F =
P
N
Sd

1.387
{1370

S—
S

QRN Q
cococo <
T T T T T T T T T T T T T T T
0.0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 4.0 5 3.0 25
f1 (ppm)
NNOW YO~ ON®Y DD ©
NOO®M DOV ONWONWS® © O™ o <
2EaY ©AN QEBOT AN® TS b >
COe-® Wre —-0ooasN NN N N
COOL TIT OOANNO O NN © ~ N
FrrY s rs+s S ccceev NN ) ~
~ NN S ~ I I
Parameter Value
1 0rigin Bruker BioSpin Gubl
2 Solvent cnel3
3 Temperature 295.5 |
4 Number of Scans 34 !
5 Spectrometer Frequencyl00. 62
6 Nucleus 13¢
Cl
F =
P
N
5d

T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

50



-112.526

Parameter Value
1 0rigin Bruker BioSpin Gmbk
2 Solvent CnCl13
3 Temperature 295.4
4 Number of Scans 2
5 Spectrometer Frequency376. 52
6 Nucleus 19F
Cl
F =
=
N
5d
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 =30 -40 =50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
1 (ppm)
OFTWOOANDANNOTTNOONDIDTO—ONDNONDT RN O MO0~ © —
DO - OONOONNONDOINONNT—ODNOOFTOMDONGHOMNOD DO 0 O N~
NANNNTmmeemm e ONNNNNNONDDWVIOW T T N0 NNN it
00000 WWWILWWWOWOBOMNNNMNNNMNNNNNNNNNNNNNI®G®®®®O® — -
B S S S R [T )
Parameter Value
10rigin Bruker BioSpin Gmbf
2 Solvent CDC13
3 Temperature 298.1
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus H
s
e
e
5e
I
il ) )
& ¥
< <
-~ ©
T T T T T T T T T T T T T T T T T T
9.5 9.0 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)
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Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent cels3
3 Temperature 298. 4
4 Number of Scans 20
5 Spectrometer Frequency100. 62
6 Nucleus 13C
=
>
e
5e
[
|
|
| . !
\ " \ ‘ o " A | ok |
Lt oMY it L L I .
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 10 30 10 0 -10
1 (ppm)
NOOOYT-OMOLNWNNTOO®O O MO N © o
O NONDODOOOFTITOOTITINNO OFTNOODN WO [
QANNTINNNNNNNOCOOQOYOAN 9 0 0 0 @ A
W WOONNNNNNNNNNNNNNN BB BBO OO —
[y e t—— el W
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent €De13
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequency400.15
6 Nucleus 1
Br
S,
=M
5f
|
it I |
it | 1l
il
| 1 I L
L3 ogR T 1
2 @ 9o < <
=] - oo -~ ©
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 0.5 0.0 0.5
£1 (ppm)



130.759
127.548
126.828
125.059
117.562

—165.913

— 143.568
134.850
77.318
77.000
76.683

—30.960
—22.129

/
§
\
<

Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298.2
4 Number of Scans 80
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
Br
=
=N
|
I
5f
, . L " A N " "
Y f , Ll . i , I il P i v
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 0 -10
1 (ppm)
OOULT-—NONONONOOWOONN—DVDOT = O = MO DN ® = - <
DDA DR OO-T PN~ -rODDDDROMM— O F A O K © 0 o
COUVVVIMME TS CQANNNNNNOQOOOOQOOOWOOQRRR ww
WOOWBBOVOBWBWBBONNNNNNNNNNNNNNNNNSTTOO® -
e L

|
§
1
z
\

Parameter Value

1 Origin Bruker BioSpin Gmbl
2 Solvent cnel3

3 Temperature 298.2

4 Number of Scans 2

5 Spectrometer Frequency400. 15

6 Nucleus 1

oy

r
00*
11.007

T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

=Y
w
o
w0
=Y
o
o
o
=Y
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Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent cDe1s
3 Temperature 298.2
4 Number of Scans 10
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
O
59
| N
1 i
‘ ‘ ‘ “‘l m
Il ‘
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
1 (ppm)
STTONT MONTNOONONTOOTDANI N — < 0
LOVLODM®M COIITOANNTONNT—@N IO M= D0 ~ 0
TETANNNN NNENNNENNENODOBIONI0ANNDNILON S S ~N
WBWWOE NNNNNNNNNNNNNNINS SIS ~
e G T - o N
Parameter Value
1 0rigin Bruker BioSpin Gubl|
2 Solvent ek}
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus 11
S
P
N
5Sh
It ‘
I [
il il
il
&3 S ¥ &
e e e e < <
oo o o - ©
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 .5 0.0 0.5
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Parameter Value
1 0rigin Bruker BioSpin Gmbt
2 Solvent cnel3
3 Temperature 298. 1
4 Number of Scans 80 i
5 Spectrometer Frequencyl00. 62
6 Nucleus 13¢
o
P
N
5h
I
I
I |
I
N )‘ i o .
. Wik u y y ¥ f Wy
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 10 30 -10
1 (ppm)
LOYTMO- T DO OM©O©®= T~ o~
LOOLOANO DO OINODRN K ©
FARN OO BN SIYIOan 5 <
NNNNNNNNN R R R R R K] -
Y SNe=—" = N
Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent onel3
3 Temperature 295.8
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus 1
cl N
I
S
5i
Iy
M
1 ﬁ oy |
bbb L
0 < @
co < s
T T T T T T T T T T T T T T T T T T T T
.5 10,0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 50 45 40 35 3.0 25 20 L5 0.5 0.0 -0.5

£1 (ppm)
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Paraneter Value

1 0rigin Bruker BioSpin Gubl

2 Solvent coel13

3 Temperature 296.3

4 Number of Scans 0

5 Spectrometer Frequency100. 61

6 Nucleus 13¢

131.802
122.213

<

77.318
77.000
76.683
—34.162
—22.789

L
\

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
N OO0 O NN 0O QN © N LD ) 0D ND®O—SNO © o
OITOANNOODNT « OB ) O DM~ O®D© ML -
SO OARADRNNNN O QN NN~ © OO <@
W00 NNNNNNNNNNN R R R R R e — <
NN NN [ )

/I /

Parameter Value

1 0rigin
2 Solvent

3 Temperature

4 Number of Scans

6 Nucleus

5 Spectrometer Frequency400. 15

Bruker BioSpin GmbH
CDC13

298.1

2

1H

2035 [==——
C

T T
7.8 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)
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Parameter Value
1 Origin Bruker BioSpin Gubl!
2 Solvent cDels
3 Temperature 296. 8
4 Number of Scans 28
5 Spectrometer Frequency100. 61
6 Nucleus 13C
N ol
<
L
N
5
n
|
1
| I
|
o] i
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 -10
1 (ppm)
~ o = © 0D OO ® ©ON®
o © OITNT O NN TN O N W
@ R TTT TR o9 MONNA
o ~ BBBBBOoN e
| | —_—— | — =
Parameter Value
1 0rigin Bruker BioSpin Gubl
2 Solvent cDels
3 Temperature 296. 5
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus H
o}
N
g
%
N
5k
I
|
N8 & <%
2 < e
o [se} ©om
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. 0.5 0.0 0.5
f1 (ppm
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Parameter Value
1 0rigin Bruker BioSpin GubH
2 Solvent CDC13
3 Temperature 297.1
4 Number of Scans 80
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C B
(o]
N
=
a,
N
5k
I
I
| ‘ J
AR Y N Ll I O iy
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 50 140 30 20 10 -10
1 (ppm)
I o MO ONWY DN o
< © KM~ O®O W -
~ N WL WL ST DR
o ~ R R R R R ) — -
Parameter Value /
1 0rigin Bruker BioSpin Gmbk
2 Solvent CDC13,
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequencyd00. 15
6 Nucleus 1H
CN
5l
|
|
il
i MJLL 1]
< < <
- - ©
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 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1. 0.5 0.0 0.5
£1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GubH
2 Solvent cDels
3 Temperature 298. 1
4 Number of Scans 80 ,
5 Spectrometer Frequencyl00. 62 Iy
6 Nucleus 13C
CN
Oy
K(I\(
Br
5l
| |
! |
. | , " "
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 0 -10
1 (ppm)
©WOOON®DO TN NOMOONWTNOMODN - <
CONNODOTNOO NCONDYTNOTD=DN© ™=
CoaAQONNNWIOAN D N0 XDWOWOOMOMHONNN A
WO NNNNNNNNN B R R R N R o e R e R o R e ~
e e ey (e )
/1777 v S
Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent cDels
3 Temperature 298.2
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus H
e
~ZN
5m
I b h
1 i _ I
T &
DT OO e}
QR -
So 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 5 1.0 0.5 0.0 0.5
£1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent cDels
3 Temperature 298. 2
4 Number of Scans 80
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
L
=N
I
5m
|
| |
I
[N} | !
l ‘ ‘ . L
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 10 30 20 10 -10
1 (ppm)
OTOT TN OO©LWDDOT 0O MO oW
VOO TITINN®DO G OO Y M ™ =
DD NN T R R Q00w w© @0
WW®WHO NNNNNNNNS SIS NI SV NI ~ <
| g | —— N
Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent CDCl13
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus 1
[o]
O
5n
|
! j ‘ 1
b 1
1 il
°’. Q2R °? < <
=] coo (=} -~ ©
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 4.5 3.5 3.0 2.5 2.0 1.5 .0 0.5
£1 (ppm)
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Parameter Value

1 Origin Bruker BioSpin GubH

2 Solvent cDels

3 Temperature 298. 2

4 Number of Scans 80

5 Spectrometer Frequency100. 62

6 Nucleus 13C

[}
(s}
5n

N\ 123.719
~117.825

—107.564

77.317
77.000
76.682

L
\

—33.242

—20.103

210 200 190 180 170 160 150 140 130 120 110 100 80 20
1 (ppm)
DLTDLTOLNMO DO DOt N~O ~ o
COOOONDLMOMNO®® PO T M= DN~ 0 ®
AR NN Sc9oogoa® NN
NNNNNNNNNNN© HOOmoNN - -
e N E TSR G = ~
Parameter Value
1 0rigin Bruker BioSpin Gnbl{
2 Solvent cnel3
3 Temperature 298.2
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus Ui
<y
(o Ie]
=
P
cl N
50
It
! i
{ L
o b 4 &
S®o e e S
o< - - ©
T T T T T T T T T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3. 1.0 0.0
£1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin GmbH i
2 Solvent D13
3 Temperature 298.1
4 Number of Scans 80
5 Spectrometer Frequency100. 62
6 Nucleus 13C
<0
(o Ie]
=
P
cl N
S0
|
| I
|
| |
by M o b AR e A A P e
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 0 -10
1 (ppm)
-
©
N
N~
-
T
|
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent €De13
3 Temperature 298. 2
4 Number of Scans 2
5 Spectrometer Frequency376. 52
6 Nucleus 19F
ar
Cl O
Ry
P
Cl N
S0
L
T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 10 -20 -30 40 -50 60 -70  -80  -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 190 200 -210 -2
£1 (ppm)
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198'9 1
2889 {
8889 1
6€69 1
S¥6°9 4
19679 1
696°9 |
9269 4
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Value

Parameter

Bruker BioSpin Gmbl

CD30D
296. 2

10rigin

2 Solvent

3 Temperature

Scans

4 Number of

5 Spectrometer Frequency400. 13

6 Nucleus

6T
162
{oe

F.6°0

=o'l
=0’

4.0

4.5

1 (ppm)

7.5 7.0

8.0

9.0

9.5
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—
e
Ju—
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=
&
8
a
& -
Taw B
£E8 5 g _
S8 S
E2E828% —
283822
g —
g =3
1 =
ES —
g
w £
S
g
g .
o3 8
5w B
2% 8
25 %8«
s EE 235
S588 253
222302
22 EE 8
25585
ERE2 A2
S m = oo

150 140 130 120 100 90 80 70 60 50 40 30 20
1 (ppm)

160

210 200 190 180

220
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Parameter Value
10rigin Bruker BioSpin GubH
2 Solvent CD30D
3 Temperature 297.6
4 Number of Scans 2
5 Spectrometer Frequency376. 52
6 Nucleus 19F
.
T T T T T T T T T T T T T T T T T T T T T T T T
10 0 <10 -2 -30 40 -50 60 70 -80 90 -100 -110 -120 -130 110 -150 ~-160 170 -180 190 -200 -210 -2
1 (ppm)
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e e N
Parameter Value
1 0rigin Bruker BioSpin Gmb
2 Solvent CDC13
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus 1H
Cl
=
e
N
5q

11.004
51

o
3.05=

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
£1 (ppm)

0.5 0.0 -0.5

w0
=Y
N
o
o
=Y
o
=Y
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Parameter

Bruker BioSpin Gmbt

CDC13

1 0rigin

2 Solvent

7

296.
80

5 Spectrometer Frequency100. 62

3 Temperature

Scans

4 Number of

13C

6 Nucleus

Cl

5q

30 20

40

130 120 100 90 80 70 60
1 (ppm)

140

200 190 180 170 160

210

018°0
wmw.ow
4870
992
611
161
86,
LgL

7
9LLe
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6v.'C
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260'8
£60'8 |
1918
€91°81
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S

—_—
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Value
Bruker BioSpin Gmbl

CDCl13
296. 0

Parameter

1 Origin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 13

6 Nucleus

=0y

0L

=00'}
=0’}
=0t

+16°0
860

6.0

6.5

8.5 8.0 7.0

9.0

10.0

£1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent K]
3 Temperature 298.2
4 Number of Scans 15
5 Spectrometer Frequency100. 62
6 Nucleus 13C
[
|
| ! 1
[
[
|
i o e e iy AN A "
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 50 140 30 20 10 0 -10
1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent cnei3
3 Temperature 295.7
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus 1
Cl
%
=
N
St
|
o i !
[V | L
2R <
o~-+~oo 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 .0 0.5 0.0 0.5
£1 (ppm)
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—169.386
—148.334

—142.311

Parameter
1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

6 Nucleus

5 Spectrometer Frequencyl00. 62

Value
Bruker BioSpin GmbH
CDC13
298.1
80

13C

129.942

124.682
123.721

118.476

{

77.342
77.024
76.707

L
\

—38.264

—30.003

Cl

o

e
N

5t

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
1 (ppm)

8.216

8.214
+8.195
1 8.193
- 8.144
 8.143
 8.123
8.122

7.781

7.777
7.764
-7.760
- 7.756
- 7.742
\7.739
\ 7.626
L 7.608
L 7.605
L 7.602
| 7,587
| 7.584
| 7.459
| 7.260
1 7.063
L 7.045
| 7.026
1 6.986
| 6.967

6.764

6.719

6.700

[
[

[
r
17623

—3.104
—2.234
—1.466

1

e

Parameter
1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

6 Nucleus

5 Spectrometer Frequency400. 15

Value
Bruker BioSpin GmbE
€DC13
298.2
2

1H

Cl
X
)
N

5u

T T T T T
5.0 4.5
£1 (ppm)
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1 (ppm)
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066'L
G661
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600'C
520'T
820'C
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0 ]
§50°C 1
1502
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1902 1
1202+
18024
6012
6872 |
5052
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800'Y ¢
520 1
8207 1
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2907
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0517
€517
891y
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09Z'27
0252
€167 1
885/ |
165 1
652
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Value
Bruker BioSpin GmbH

CDC13,

Parameter

1 0rigin

2 Solvent

298. 1

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 15

1H

6 Nucleus

Cl

5v

0T

»S0'T
R50°T

=0T

JEOT
0T
0T

00T

10'T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -10
f1 (ppm)

9.5
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Value

Bruker BioSpin GmbH

CDCl3

298.2

Parameter

1 Origin
2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency100. 62

13C

6 Nucleus

Cl

-10

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

190

210 200

8€LL
8vL L
290}
0LL7)L 1
¥8L')
z6.')
98l |
6781 1
£98'1 1
7881 A
6881 4
668°L )W
orL'z
Lz
8912 -f
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————y L =
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Value
Bruker BioSpin Gmbl

CDC13,
295.7
1H

Parameter
5 Spectrometer Frequency400. 13

4 Number of Scans
6 Nucleus

1 0rigin
2 Solvent
3 Temperature

Cl

5w

0T
S0
v10°T

HO'L

=860
Aoy

S00'L
=860

5.0

5.5

6.0

6.5

7.0

10.0

£1 (ppm)
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Value
Bruker BioSpin Gmbl

CDC13
296. 0

Parameter

1 Origin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00. 61

13C

6 Nucleus

Cl

5w

30

40

200 190 180 170 160 150 140 130 120 100 90 80 70 60
1 (ppm)

210

v8z'L 1
S0€°L
9€e’L |
vre'L
198}
60 |
bl
9Vl |
€LV’
855}
595°)
6851

965"} —

619°L
1291
859'L 4
1921
99/°} 1
€101
1821
€6L°)
1081 |
808"} ]
081 ]
8/8'L

0L6'L

816}

€002

8002

980'Z

102

958'Z

118°C

988'Z

v68'C

516C

092°L
Slv'L
GES/ |
866/ 1
€55/
956°/
65G°L
Y161
916~
692
869'2
(AR
gL
61221
28l LA
9e/'L
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———
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18]

Value

Parameter

Bruker BioSpin Gmbll

CDCI3

1 Origin

2 Solvent

298.8

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 15

6 Nucleus

Cl

5x

0’1
W«o.m
1661
0L
20T

g6

660
2oL
00t
»L6'0
960

0.0 -0.5

0.5

5.5 5.0

6.0

10.0

£1 (ppm)
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Value

Parameter

Bruker BioSpin Gmbk

CnCl13
299.1
10

cctrometer Frequencyl00. 62

1 Origin

2 Solvent

3 Temperature

4 Number of Scans

6 Nucleus

13C

Cl

5x

ViR

il

-10

30 20

40

120 110 100 90 80 70 60
1 (ppm)
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190 180 170 160 150
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¥8G°L A
00421
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Value

Parameter

Bruker BioSpin Gmbl

cDCl13
298.1

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 13

6 Nucleus

Cl

Lee6

=86'L

=66'0
0L
01
L00'L
00}

f1 (ppm)
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Value

Parameter

Bruker BioSpin GmbH

CDC13
298.2

1 Origin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency100. 62

13C

6 Nucleus

Cl

10

30 20

40

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

210

szl
206'L
906’}
116°)
126') |
€6°1 1
1961
1G6'L
96| 1
81611
2€0°2
€L0°C
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T A i —
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gLz
0zLz
91z'z
€L€°2
8.£C
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G1G /A
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£€.'2
IVE
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5v0'8
9v0'8 1
990°8 -
1908
691°8
1218
06181
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/
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Value

Bruker BioSpin GmbH

CDC13,
295.5

Parameter

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 15

1H

6 Nucleus

£0°€
0L
50T
Re0')
2£0'C

FHol

=00}

=/6'0
0L
Az0'L
+66°0
/60

5.0

5.5

6.0

10.0

f1 (ppm)
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—166.331

133.979

— 148.646
—142.609
130.176
129.316

—126.645

/
§
<

Parameter
1 0rigin
2 Solvent
3 Temperature
4 Number of Scans
5 Spectrometer Frequency
6 Nucleus

Value
Bruker BioSpin Gmbl
CDC13
296.7
80
100. 62
13C

Cl

125.117
123.882
119.914
77.317
77.000
76.682

—42.904

/- 31.404
30.306
28.833

\.23.570

\

T T T T
210 200 190 180 170

T T T T
160 150 140 130

T T T T T T T T T T T
120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)
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Parameter Value

1 Origin
2 Solvent

3 Temperature

4 Number of Scans

6 Nucleus

5 Spectrometer Frequency400. 13

Bruker BioSpin GmbH
CDC13

298. 1

2

}}
-1296 b

& P
Sooo S] S o =)
-0 -~ < Ie)
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 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 0 0.5 0.0 .5

5
f1 (ppm)
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Value
Bruker BioSpin Gmbt

CnCl3
298.2
80

5 Spectrometer Frequency100. 62

Parameter

1 0rigin
2 Solvent

3 Temperature

4 Number of Scans

13C

6 Nucleus

10
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f1 (ppm)

130

140

200 190 180 170 160

210

059’}
699’1
689')
102}
szLL
€81
508’}
128’
Zvg'L
098'L =
8212~
e
62
257/
626~
8v6z 1
1062

092'27
16€ L
ICER
146G/
21G 11
G1G /A
815
€65/
G65'L
802"/
W22
Szl L
62L L
zeL L
oL L
0522
2208+
Zv0'8-
£91°81
591°8
¥81°84
9818’

TN T

- =
_ =
—_— ————
. .
z
s 2 —
g 3 -
= S
_ == o —
p -
— Eo- 2 -
fzo 2
i85 o
P88 . E=
f88.§=
- : —
:
— g Z
£ -
g
:
5 cE | o &
2 H o 4
g c
L
g E
£ Li%g,
szi.is
fEizii
SEEkcE
EEN RN Y
SZEz i
533532
Sfnzic

200z

0z
20
0T

=0'¢

=001
2901
2501
0L
=201

9.0

9.5

10.0

f1 (ppm)

75



76

o~ ) 0 W NO«— TN
~ < W M =0~ NO®© ©om ©t —on
™~ N © © ao~haaAN 582 Q9 2239F
© o © N SCHOT M Mo e ooY
o © 4 ¥ oNNNNN NN~ © DO DD
Y - - - e ~ N~ <t ® AN
I I b =S\ ~ [ N/
Parameter Value
1 0rigin Bruker BioSpin GmbE
2 Solvent cDel3
3 Temperature 296.8
4 Number of Scans 80
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
Cl
S
P>
N
[s]
5ab
|
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|
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Parameter Value
1 0rigin Bruker BioSpin GubH
2 Solvent cDe13
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus 1H
Cl
S
P
N
o
Sac
|
I
|
i e
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Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 298. 2
4 Number of Scans 80
5 Spectrometer Frequencyl00.62
6 Nucleus 13C
Ccl
(L)
P
N
o]
5ac
I
Il
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TR 1 |
— ‘
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O -10
1 (ppm)
TN ONTETNT MO (50
DONNOM— O NN o v
ANANNNNNNNOWOWWMNSNMNNSMN o]
@ 6B 05 6 B WD B D I I N ®
B i
Parameter Value
1 Origin Bruker BioSpin GubH
2 Solvent CcbC13
3 Temperature 298. 2
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus 1H
Cl
s
P
N
o
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Value

Parameter

Bruker BioSpin GmbF

CnC13
298.5

10rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 15

6 Nucleus
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Parameter Value
1 0rigin Bruker BioSpin GubH
2 Solvent D13
3 Temperature 299.1
4 Number of Scans 256
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
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