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1. General Experimental Details

All reactions were maintained under a nitrogen atmosphere unless otherwise stated. Commercially
available reagents were used without further purification. 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, 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 (CDCls: & 77.16). ®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.

2. General procedures for synthesis of starting materials

The starting materials 1a-1h, 1o-1ad were prepared according to General Procedure B.
The starting materials 1i-1n were prepared according to General Procedure A.

General Procedure A
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Step 1: To a dry round bottom flask was added malononitrile (30 mmol, 3.0 equiv.), cuprous
iodide (1 mmol, 10 mol %), L-proline (2 mmol, 20 mol %), potassium carbonate (40 mmol, 4.0
equiv.), iodobenzene (10 mmol, 1.0 equiv.), and DMSO (40 mL) at rt. The reaction mixture was
stirred at 90 °C overnight under N2 and quenched with HCI (2 M, 20 mL). The reaction was
extracted with ethyl acetate, and the combined organic layer was washed with brine, dried over
MgSOs., filtered, concentrated in vacuum, and purified by flash column chromatography on silica
gel (ethyl acetate/ petroleum ether) to give S1.

Step 2: To a dry round bottom flask was sequentially added sodium hydride (6 mmol, 1.2
equiv.), DMF (20 mL), and then S1 (5 mmol, 1.0 equiv.) at 0 °C. The reaction mixture was stirred
at rt for 1 h under N2 and then 4-bromo-1-butene (6 mmol, 1.2 equiv.) was added dropwise at rt.
The reaction mixture was stirred at 60 °C overnight and quenched with sat. NH4CI (20 mL). The
reaction was extracted with ethyl acetate, concentrated in vacuum, and purified by flash column
chromatography on silica gel (ethyl acetate/ petroleum ether) to give S2.

General Procedure B
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Step 1: To a dry round bottom flask was added sodium hydride (10 mmol, 1.0 equiv.),
malononitrile (20 mmol, 2.0 equiv.), and DMF (30 mL) at 0 °C. The reaction mixture was stirred
at 0 °C for 2 h under Nz and then phenethyl bromide (10 mmol, 1.0 equiv.) was added dropwise.
The reaction mixture was stirred at rt overnight. After the reaction was complete, the mixture was
quenched with sat. NH4Cl (20 mL). The reaction was extracted with ethyl acetate, and the
combined organic layer was washed with brine, dried over MgSQsa, filtered, concentrated in
vacuum, and purified by flash column chromatography on silica gel (ethyl acetate/ petroleum ether)
to give S3.

Step 2: To a dry round bottom flask was sequentially added sodium hydride (6 mmol, 1.2
equiv.), DMF (20 mL), and then S3 (5 mmol, 1.0 equiv.) at 0 °C. The reaction mixture was stirred
at rt for 1 h under N2 and then 4-bromo-1-butene (6 mmol, 1.2 equiv.) was added dropwise at rt.
The reaction mixture was stirred at 60 °C overnight and quenched with sat. NH4Cl (20 mL). The
reaction was extracted with ethyl acetate, concentrated in vacuum, and purified by flash column
chromatography on silica gel (ethyl acetate/ petroleum ether) to give S4.

3. General procedure for radical trifunctionalization of hexenenitriles

Hexenenitrile 1 (0.2 mmol, 1.0 equiv.) and PIFA (0.4 mmol, 2.0 equiv.) were loaded in a
flame-dried glass reaction vial which was subjected to evacuation/ flushing with N for three times.
DCM (2.0 mL) was added to the mixture via syringe and then TMSN3 (0.8 mmol, 4.0 equiv.) was
added. The mixture was then stirred at rt until the starting material had been consumed as
determined by TLC. The mixture was extracted with ethyl acetate (3 % 10 mL). The combined
organic extracts were washed by brine, dried over MgSQ., filtered, concentrated, and purified by
flash column chromatography on silica gel (ethyl acetate/ petroleum ether) to give the product 2.

4. Characterization of starting materials

la: 80% vyield, yellow oil. Purification by flash column

chromatography on silica gel (eluent: EtOAc/Petroleum ether =
"X 1/15). 'H NMR (400 MHz, CDCls) § 7.38-7.32 (m, 2H), 7.31-7.26

(m, 1H), 7.26-7.22 (m, 2H), 5.89-5.78 (m, 1H), 5.24-5.12 (m, 2H),
3.05-2.97 (m, 2H), 2.52-2.44 (m, 2H), 2.28-2.20 (m, 2H), 2.11-2.04 (m, 2H); 3C NMR (100 MHz,
CDCls) 6 138.4, 134.5, 128.9, 128.4, 127.0, 117.5, 115.3, 39.7, 37.2, 37.0, 31.9, 29.7. FT-IR: v
(cm1) 3029, 2932, 2863, 2359, 1644, 1455. HRMS [ESI] m/z: [M+Na]* calcd for CisHisNaN;
247.1206; found 247.1203.

NC CN

F 1b: 70% vyield, yellow oil. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether =

X 1/15). 'H NMR (400 MHz, CDCls) & 7.22-7.15 (m, 2H),
NC CN 3



7.06-6.98 (m, 2H), 5.88-5.76 (m, 1H), 5.21-5.10 (m, 2H), 3.01-2.94 (m, 2H), 2.51-2.42 (m, 2H),
2.24-2.16 (m, 2H), 2.10-2.03 (m, 2H); 13C NMR (100 MHz, CDCl3) § 161.9 (d, Jc.r = 244.1 Hz),
134.4, 134.0 (d, Jc.r = 3.2 Hz), 129.9 (d, Jcr = 7.9 Hz), 117.5, 115.7 (d, Jc.r = 21.2 Hz), 115.2,
39.8, 37.1, 37.1, 31.2, 29.7; %F NMR (376 MHz, CDCls) & -115.6 (s). FT-IR: v (cm'®) 3079, 2934,
2863, 1603, 1510, 1455, 1222. HRMS [ESI] m/z: [M+Na]* calcd for CisHisNaFN, 265.1111;
found 265.1115.

0 1c: 36% vyield, yellow oil. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether

©\/§(\/\ = 1/15). 'H NMR (400 MHz, CDCl3) § 7.16-7.11 (m, 2H),
NC CN 6.88-6.84 (m, 2H), 5.88-5.76 (m, 1H), 5.20-5.10 (m, 2H), 3.80

(s, 3H), 2.97-2.91 (m, 2H), 2.50-2.42 (m, 2H), 2.22-2.16 (m, 2H), 2.09-2.03 (m, 2H); *C NMR
(100 MHz, CDCls) 8 158.6, 134.5, 130.4, 129.4, 117.5, 115.3, 114.3, 55.3, 40.0, 37.1, 37.1, 31.1,
29.7. FT-IR: v (cm™) 2959, 2933, 2838, 2359, 2335, 1612, 1513, 1247. HRMS [ESI] m/z:

[M+Na]* calcd for C16H1sONaN, 277.1311; found 277.13009.

Cl 1d: 76% yield, yellow oil. Purification by flash column
@\/}(\/\ chromatography on silica gel (eluent: EtOAc/Petroleum ether =
X 1/5). 'H NMR (400 MHz, CDCl3) & 7.33-7.27 (m, 2H),

NC CN 7.19-7.13 (m, 2H), 5.87-5.76 (m, 1H), 5.21-5.10 (m, 2H),

3.00-2.94 (m, 2H), 2.51-2.43 (m, 2H), 2.23-2.16 (m, 2H), 2.09-2.03 (m, 2H); *C NMR (100 MHz,
CDCls) 6 136.8, 134.4, 132.9, 129.8, 129.1, 117.6, 115.1, 39.6, 37.2, 37.1, 31.3, 29.7. FT-IR: v
(cm™) 3082, 2932, 2858, 1734, 1644, 1493, 1454. HRMS [ESI] m/z: [M+Na]* calcd for

C15H15CINaN2 281.0816; found 281.0825.

O,N le: 54% vyield, yellow oil. Purification by flash column
OW chromatography on silica gel (eluent: EtOAc/Petroleum ether

X = 1/15). *H NMR (400 MHz, CDCls) 5 8.23-8.18 (m, 2H),

NC CN 7.43-7.39 (m, 2H), 5.88-5.76 (m, 1H), 5.22-5.11 (m, 2H),

3.16-3.09 (M, 2H), 2.52-2.44 (m, 2H), 2.29-2.23 (m, 2H), 2.12-2.06 (m, 2H); 13C NMR (100 MHz,
CDCl3) 6 147.2, 145.8, 134.2, 129.4, 124.2, 117.7, 114.9, 39.0, 37.2, 31.8, 29.7. FT-IR: v (cm™)

2962, 2952, 2159, 2027, 1976, 1518, 1345. HRMS [ESI] m/z: [M+Na]* calcd for CisH1sN3sNaO;
292.1056; found 292.1060.

NC CN 1f: 31% vyield, yellow oil. Purification by flash column

_~ chromatography on silica gel (eluent: EtOAc/Petroleum ether =
/@M/\/ 1/15). 'H NMR (400 MHz, CDCls) & 7.17-7.09 (m, 4H),
5.88-5.77 (m, 1H), 5.22-5.10 (m, 2H), 3.00-2.92 (m, 2H),

2.51-2.43 (m, 2H), 2.34 (s, 3H), 2.24-2.17 (m, 2H), 2.10-2.03 (m, 2H); *C NMR (100 MHz,
CDCl3) 6 136.6, 135.3, 134.5, 129.5, 128.3, 117.4, 115.3, 39.8, 37.2, 37.1, 31.5, 29.7, 21.0. FT-IR:

v (enrl) 3385, 2977, 2928, 2360, 2341, 1644, 1516, 1455. HRMS [ESI] m/z: [M+Na]* calcd for
CisH1sNaN, 261.1362; found 261.1359.



1g: 62% vyield, yellow oil. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether =
1/15). 'H NMR (400 MHz, CDCls) 6 7.33-7.25 (m, 2H), 7.18-7.06

NC CN (m, 2H), 5.92-5.81 (m, 1H), 5.25-5.14 (m, 2H), 3.09-3.03 (m, 2H),
2.54-2.46 (m, 2H), 2.31-2.25 (m, 2H), 2.14-2.08 (m, 2H); 3C NMR (100 MHz, CDCl3) 6 161.1 (d,
Jo.r = 244.1 Hz), 134.5, 130.7 (d, Jc-r = 4.5 Hz), 129.0 (d, Jc-r = 8.2 Hz), 125.3 (d, Jc-r = 15.6 Hz),
124.5 (d, Jcr = 3.6 Hz), 117.5, 115.6 (d, Jc-r = 21.6 Hz), 115.1, 37.8 (d, Jc-r = 1.3 Hz), 37.1, 36.9,
29.7, 25.8 (d, Jcr = 2.6 Hz); *F NMR (376 MHz, CDCls) & -118.4 (s). FT-IR: v (cm™) 3406,
2977, 2935, 2159, 2030, 1976, 1454. HRMS [ESI] m/z: [M+Na]* calcd for CisHisFNaN:
265.1111; found 265.1113.

)

1h: 33% vyield, yellow oil. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether =
1/15). 'H NMR (400 MHz, CDCls) 6 7.34-7.26 (m, 1H), 7.04-6.90
(m, 3H), 5.88-5.77 (m, 1H), 5.22-5.11 (m, 2H), 3.03-2.97 (m, 2H),
2.51-2.43 (m, 2H), 2.25-2.19 (m, 2H), 2.10-2.04 (m, 2H); 1*C NMR
(100 MHz, CDCls) 8 163.0 (d, Jc-r = 245.2 Hz), 140.8 (d, Jc-r = 7.2 Hz), 134.4, 130.5 (d, Jcr =
8.4 Hz), 124.1 (d, Jc-r = 2.9 Hz), 117.5, 115.4 (d, Jcr = 21.4 HZ), 115.1, 114.0 (d, Jcr = 20.7 Hz),
39.3, 37.1, 37.1, 31.6, 29.7; F NMR (376 MHz, CDCl3) 6 -112.6 (s). FT-IR: v (cm™) 3083, 2935,
2864, 2359, 2249, 1590, 1489, 1252. HRMS [ESI] m/z: [M+Na]* calcd for CisHisNaFN:
265.1111; found 265.1118.

-

NC CN

NC CN 1i: 75% yield, yellow oil. Purification by flash column chromatography on

= silica gel (eluent: EtOAc/Petroleum ether = 1/5). *H NMR (400 MHz,
CDCl3) & 7.60-7.55 (m, 2H), 7.53-7.44 (m, 3H), 5.83-5.71 (m, 1H),
5.15-5.06 (m, 2H), 2.42-2.34 (m, 2H), 2.34-2.28 (m, 2H); 3C NMR (100
MHz, CDCls) & 134.3, 132.0, 130.0, 129.8, 125.8, 117.3, 114.9, 42.0, 41.7, 29.7. FT-IR: v (cm™)
2979, 2936, 2361, 2159, 1559, 1541. HRMS [ESI] m/z: [M+Na]* calcd for C13Hi2NaN2 219.0893;
found 219.0898.

¢

NC CN 1j: 90% vyield, vyellow oil. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/5).
!H NMR (400 MHz, CDCls) & 7.50-7.44 (m, 2H), 7.01-6.96 (m, 2H),
0 5.82-5.70 (m, 1H), 5.14-5.05 (m, 2H), 3.84 (s, 3H), 2.40-2.32 (m,
2H), 2.31-2.25 (m, 2H); ¥C NMR (100 MHz, CDCls) 6 160.6, 134.4, 127.1, 123.6, 117.2, 115.1,
115.0, 55.5, 41.7, 41.3, 29.6. FT-IR: v (cm™) 2976, 2936, 2842, 2159, 2029, 1609, 1511, 1257.
HRMS [ESI] m/z: [M+H]* calcd for C14H15sN20 227.1179; found 227.1184.

/

j

NC CN 1k: 60% vyield, yellow oil. Purification by flash column

~~ chromatography on silica gel (eluent: EtOAc/Petroleum ether =
1/5). 'H NMR (400 MHz, CDCls) & 7.65-7.60 (m, 2H), 7.38-7.33
F3CO (m, 2H), 5.82-5.70 (m, 1H), 5.16-5.08 (m, 2H), 2.44-2.36 (m, 2H),

2.34-2.27 (m, 2H); ®C NMR (100 MHz, CDCls) & 150.2 (q, J = 1.8 Hz), 134.0, 130.6, 127.6,
122.0,120.3 (g, J = 257.1 Hz), 117.5, 114.5, 41.7, 41.4, 29.7; **F NMR (376 MHz, CDCls) § -57.9
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(s). FT-IR: v (cml) 2976, 2935, 2361, 2159, 1734, 1509, 1212. HRMS [ESI] m/z: [M+H]* calcd
for C14H12F3N,O 281.0896; found 281.0887.

NC CN 11I: 69% vyield, yellow oil. Purification by flash column chromatography on

~ silica gel (eluent: EtOAc/Petroleum ether = 1/5). 'H NMR (400 MHz,

P CDCls) 6 7.55 (dd, 8.0, 1.6 Hz, 1H), 7.48-7.42 (m, 1H), 7.08-7.00 (m, 2H),

0 5.84-5.73 (m, 1H), 5.14-5.04 (m, 2H), 3.96 (s, 3H), 2.48-2.41 (m, 2H),
2.41-2.33 (m, 2H); *C NMR (100 MHz, CDCls) § 156.4, 134.9, 131.7, 127.6, 121.3, 119.1, 116.9,

114.8, 112.6, 56.0, 39.6, 36.6, 29.8. FT-IR: v (cm™*) 3082, 2978, 2940, 2159, 2029, 1976, 1599,
1494, 1464, 1257. HRMS [ESI] m/z: [M+Na]* calcd for C14H14NaN,O 249.0998; found 249.0991.

NC CN Im: 44% vyield, yellow oil. Purification by flash column

_0O _~ chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/5).
'H NMR (400 MHz, CDCl3) 6 7.43-7.37 (m, 1H), 7.17-7.12 (m, 1H),

7.11-7.06 (m, 1H), 7.00-6.96 (m, 1H), 5.82-5.71 (m, 1H), 5.15-5.06

(m, 2H), 3.86 (s, 3H), 2.42-2.34 (m, 2H), 2.33-2.27 (m, 2H); 3C NMR (100 MHz, CDCls) § 160.5,
134.3,133.3, 130.9, 117.8, 117.3, 115.2, 114.8, 111.8, 55.5, 41.9, 41.6, 29.7. FT-IR: v (cm™) 3082,

2973, 2938, 2359, 2341, 1588, 1492, 1295, 1259. HRMS [ESI] m/z: [M+Na]* calcd for
C14H14NaN,O 249.0998; found 249.0989.

NC CN 1n: 86% vyield, vyellow oil. Purification by flash column

_ chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/5). H
NMR (400 MHz, CDCls) & 7.15 (s, 2H), 7.07 (s, 1H), 5.83-5.71 (m,
1H), 5.15-5.06 (m, 2H), 2.42-2.34 (m, 2H), 2.37 (s, 6H), 2.32-2.24 (m,

2H); 3C NMR (100 MHz, CDCls) 3 139.7, 134.4, 131.7, 131.5, 123 .4,
117.2, 115.1, 41.8, 41.7, 29.7, 21.3. FT-IR: v (cm™) 2954, 2923, 2854, 2362, 2330, 1721, 1605,
1456, 1378, 1215. HRMS [ESI] m/z: [M+Na]* calcd for CisH1sNaN> 247.1206; found 247.1196.

I lo: 10% vyield, yellow oil. Purification by flash column
@M chromatography on silica gel (eluent; EtOAc/Petroleum ether = 1/15).
NG N IH NMR (400 MHz, CDCls) & 7.93 (dd, J = 8.0, 1.2 Hz, 1H), 7.57 (dd,
J=17.6, 1.6 Hz, 1H), 7.44-7.39 (m, 1H), 7.10-7.04 (m, 1H), 5.89-5.78

(m, 1H), 5.22-5.10 (m, 2H), 3.51 (s, 2H), 2.54-2.46 (m, 2H), 2.19-2.12 (m, 2H); 3C NMR (100
MHz, CDCls) 6 140.5, 135.4, 134.5, 130.8, 130.5, 129.0, 117.4, 114.9, 102.4, 46.2, 38.5, 36.8,

29.9. FT-IR: v (cm™) 2973, 2928, 2884, 2360, 2342, 1380. HRMS [ESI] m/z: [M+Na]* calcd for
C14H13NalN2 359.0016; found 359.0008.

NC_CN 1p: 83% yield, yellow oil. Purification by flash column chromatography on
O)W silica gel (eluent: EtOAc/Petroleum ether = 1/15). 'H NMR (400 MHz,
CDCls) § 5.87-5.76 (m, 1H), 5.19-5.08 (m, 2H), 2.48-2.41 (m, 2H),

2.39-2.29 (m, 1H), 2.05-1.95 (m, 4H), 1.87-1.75 (m, 2H), 1.69-1.59 (m, 3H), 1.57-1.53 (m, 1H);
13C NMR (100 MHz, CDClg) 6 134.8, 117.2, 115.3, 46.6, 41.9, 36.3, 30.0, 29.2, 25.2. FT-IR: v

(cm) 2961, 2927, 2872, 2159, 2031, 1976, 1453. HRMS [ESI] m/z: [M+Na]* calcd for
Ci12H1sNaN2 211.1206; found 211.1199.



NC CN 1gq: 73% yield, yellow oil. Purification by flash column

= chromatography on silica gel (eluent; EtOAc/Petroleum ether = 1/15).

'H NMR (400 MHz, CDCls) 6 5.87-5.75 (m, 1H), 5.19-5.08 (m, 2H), 2.47-2.39 (m, 2H), 2.04-1.97

(m, 2H), 1.96-1.90 (m, 2H), 1.70-1.62 (m, 2H), 1.49-1.38 (m, 2H), 0.97 (t, J = 7.2 Hz, 3H); 1*C

NMR (100 MHz, CDCls) 6 134.7, 117.3, 115.6, 37.6, 37.4, 37.0, 29.7, 27.6, 22.0, 13.6. FT-IR: v

(cmt) 2963, 2933, 2874, 2159, 2029, 1976, 1645, 1454. HRMS [ESI] m/z: [M+Na]* calcd for
C11Hi6NaN2 199.1206; found 199.1213.

NC CN 1r: 52% vyield, yellow oil. Purification by flash column

0 /\)W chromatography on silica gel (eluent: EtOAc/Petroleum ether =

1/15). *H NMR (400 MHz, CDCls) & 5.86-5.75 (m, 1H), 5.18-5.07

(m, 2H), 3.72 (t, J = 6.0 Hz, 2H), 3.53 (g, J = 7.2 Hz, 2H), 2.47-2.39 (m, 2H), 2.21 (t, J = 6.0 Hz,

2H), 2.10-2.04 (m, 2H), 1.21 (t, J = 7.2 Hz, 3H); **C NMR (100 MHz, CDCl3) & 134.7, 117.2,

115.3, 66.9, 65.9, 37.3, 37.1, 35.1, 29.6, 14.9. FT-IR: v (cm) 2978, 2935, 2873, 2359, 2342, 1644,
1380. HRMS [ESI] m/z: [M+Na]* calcd for C11H1sNaON2 215.1155; found 215.1155.

NC CN 1s: 94% vyield, yellow oil. Purification by flash column

_~ chromatography on silica gel (eluent: EtOAc/Petroleum ether =

1/15). *H NMR (400 MHz, CDCl3) & 5.87-5.75 (m, 1H), 5.19-5.09

(m, 2H), 2.47-2.40 (m, 2H), 2.04-1.98 (m, 2H), 1.98-1.92 (m, 2H),

1.76-1.62 (m, 5H), 1.60-1.52 (m, 2H), 1.28-1.14 (m, 4H), 1.02-0.90 (m, 2H); 3C NMR (100 MHz,

CDCl3) 6 134.7,117.3, 115.6, 37.5, 37.2, 36.9, 35.7, 33.0, 32.8, 29.7, 26.4, 26.1. FT-IR: v (cm™)

3083, 2923, 2853, 2159, 2029, 1976, 1644, 1453. HRMS [ESI] m/z: [M+Na]* calcd for
C15H22Na|\|2 253.1675; found 253.1679.

o) N 1t: 48% vyield, yellow oil. Purification by flash column
©/ NC CN chromatography on silica gel (eluent: EtOAc/Petroleum ether =

1/15). 'H NMR (400 MHz, CDCls) & 7.35-7.29 (m, 2H),
7.04-6.99 (m, 1H), 6.97-6.92 (m, 2H), 5.87-5.75 (m, 1H), 5.22-5.11 (m, 2H), 4.31 (t, J = 6.0 Hz,
2H), 2.54-2.44 (m, 4H), 2.18-2.12 (m, 2H); 13C NMR (100 MHz, CDCls) § 157.8, 134.5, 129.7,
121.7, 117.5, 115.0, 114.5, 63.3, 37.3, 36.8, 35.1, 29.6. FT-IR: v (cm™) 2977, 2935, 2159, 2029,
1588, 1497, 1239. HRMS [ESI] m/z: [M+Na]* calcd for C15H1sNaN2O 263.1155; found 263.1145.

NC CN lu: 41% vyield, vyellow oil. Purification by flash column
CI\/\)W chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/15).
'H NMR (400 MHz, CDCl3) 6 5.86-5.75 (m, 1H), 5.20-5.08 (m, 2H), 3.65-3.61 (m, 1H), 3.50-3.45
(m, 1H), 2.47-2.39 (m, 2H), 2.27-2.16 (m, 1H), 2.16-2.08 (m, 3H), 2.07-2.00 (M, 2H); 3C NMR
(100 MHz, CDCl3) 6 134.4, 117.5, 115.1, 43.2, 37.0, 36.9, 35.4, 29.7, 28.4. FT-IR: v (cm™!) 3082,
2966, 2937, 2857, 1644, 1452, 1296. HRMS [ESI] m/z: [M+Na]* calcd for CioH13CINaN;
219.0659; found 219.0663.

NC CN 1v: 85% vyield, white solid. Purification by flash column
N ~ chromatography on silica gel (eluent: EtOAc/Petroleum
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ether = 1/5). 'H NMR (400 MHz, CDCls) & 7.88-7.82 (m, 2H), 7.75-7.69 (m, 2H), 5.86-5.75 (m,
1H), 5.20-5.08 (m, 2H), 3.74 (t, J = 6.8 Hz, 2H), 2.48-2.40 (m, 2H), 2.06-1.99 (m, 4H), 1.86-1.68
(m, 4H); 3C NMR (100 MHz, CDCl3) & 168.3, 134.5, 134.1, 132.0, 123.4, 117.4, 115.3, 37.2,
37.2, 36.9, 29.7, 27.7, 22.6. FT-IR: v (cm™) 3420, 2975, 2938, 2359, 2342, 1773, 1713, 1439.
HRMS [ESI] m/z: [M+Na]* calcd for C1gH19NaO2N3 344.1369; found 344.1368.

1w: 73% vyield, yellow oil. Purification by flash column chromatography
O on silica gel (eluent: EtOAc/Petroleum ether = 1/20). 'H NMR (400 MHz,
CDCl3) & 7.42-7.33 (m, 8H), 7.33-7.27 (m, 2H), 5.87-5.76 (m, 1H),
=~ 5.08-4.98 (m, 2H), 2.50-2.44 (m, 2H), 2.22-2.14 (m, 2H); 3C NMR (100
O CN MHz, CDCl3) § 140.0, 136.7, 128.9, 127.9, 126.9, 122.2, 115.7, 51.5, 38.9,
29.9. FT-IR: v (cm™) 3063, 3028, 2935, 2236, 1493, 1449. HRMS [ESI]

m/z: [M+Na]* calcd for C1gH17NNa 270.1253; found 270.1242.

Ph CN 1x: 73% vyield, yellow oil. Purification by flash column

= chromatography on silica gel (eluent: EtOAc/Petroleum ether =

1/20). *H NMR (400 MHz, CDCl3) & 7.40-7.35 (m, 2H), 7.35-7.29 (m, 2H), 7.27-7.21 (m, 1H),

5.73-5.62 (m, 1H), 4.96-4.86 (m, 2H), 2.23-2.12 (m, 1H), 2.10-2.00 (m, 1H), 2.00-1.76 (m, 4H),

1.51-1.39 (m, 1H), 1.27-1.02 (m, 5H), 0.83-0.74 (m, 3H); 3C NMR (100 MHz, CDCls) & 138.4,

136.9, 128.9, 127.7, 125.9, 122.3, 115.4, 48.1, 41.1, 40.3, 31.6, 29.6, 24.9, 22.3, 13.9. FT-IR: v

(cmt) 3064, 2930, 2862, 2361, 2343, 1642, 1449. HRMS [ESI] m/z: [M+Na]* calcd for
Ci7H2sNaN 264.1723; found 264.1717.

EtO,C_CN ly: 84% yield, yellow oil. Purification by flash column

= chromatography on silica gel (eluent: EtOAc/Petroleum ether =

1/10). *H NMR (400 MHz, CDCls)  5.81-5.69 (m, 1H), 5.10-4.98 (m, 2H), 4.26 (q, J = 6.8 Hz,

2H), 2.37-2.26 (m, 1H), 2.15-1.95 (m, 2H), 1.94-1.71 (m, 3H), 1.63-1.50 (m, 1H), 1.37-1.23 (m,

8H), 0.88 (t, J = 6.4 Hz, 3H);*C NMR (100 MHz, CDCl3) & 169.1, 136.0, 119.2, 116.2, 62.6,

49.6, 37.6, 36.6, 31.3, 29.7, 25.0, 22.3, 14.1, 13.9. FT-IR: v (cm™) 2959, 2931, 2864, 2359, 2342,

1739, 1643, 1451, 1218. HRMS [ESI] m/z: [M+Na]* calcd for C14H23NaO2-N 260.1621; found
260.1612.

EtO,C CN 1z: 52% vyield, yellow oil. Purification by flash column chromatography

_~ onsilica gel (eluent: EtOAc/Petroleum ether = 1/5). 'H NMR (400 MHz,

CDCls) & 7.57-7.53 (m, 2H), 7.44-7.35 (m, 3H), 5.83-5.73 (m, 1H),

5.11-4.98 (m, 2H), 4.30-4.16 (m, 2H), 2.52-2.42 (m, 1H), 2.30-2.12 (m,

3H), 1.25 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) & 167.5, 136.0, 134.5, 129.2, 128.9,

126.0, 118.3, 116.1, 63.2, 53.8, 37.3, 29.7, 13.8. FT-IR: v (cm™) 3068, 2982, 2936, 2247, 1741,
1449, 1223. HRMS [ESI] m/z: [M+Na]* calcd for C1sH17NaO2N 266.1151; found 266.1140.

CN laa: 43% yield, yellow oil. Purification by flash column chromatography
_—onsilica gel (eluent: EtOAc/Petroleum ether = 1/20). *H NMR (400 MHz,
©M CDCl3) 6 7.42-7.36 (m, 2H), 7.36-7.30 (m, 3H), 5.84-5.73 (m, 1H),
5.15-5.05 (m, 2H), 3.81 (dd, J = 8.8, 6.4 Hz, 1H), 2.29-2.21 (m, 2H),
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2.10-2.00 (m, 1H), 2.00-1.89 (m, 1H); 3C NMR (100 MHz, CDCls) § 136.2, 135.8, 129.1, 128.1,
127.3, 120.7, 116.6, 36.5, 34.9, 31.0. FT-IR: v (cml) 3067, 3032, 2980, 2931, 2862, 2241, 1736,
1642, 1494, 1454, 1242. HRMS [ESI] m/z: [M+Na]* calcd for Ci,HisNaN 194.0940; found
194.0942.

CN lab: 47% vyield, colorless oil. Purification by flash column

~ chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/20).

'H NMR (400 MHz, CDCls) & 7.53-7.49 (m, 2H), 7.23-7.18 (m, 2H),

Br 5.82-5.71 (m, 1H), 5.14-5.05 (m, 2H), 3.77 (dd, J = 8.8, 6.4 Hz, 1H),
2.27-2.19 (m, 2H), 2.08-1.97 (m, 1H), 1.96-1.86 (m, 1H); 3C NMR (100 MHz, CDCl3) & 135.8,
134.8, 132.3, 129.0, 122.2, 120.2, 116.9, 36.0, 34.8, 30.8. FT-IR: v (cm™) 3079, 3019, 2979, 2931,

2862, 2242, 1641, 1488, 1439. HRMS [ESI] m/z: [M+Na]* calcd for C12H12NaNBr 272.0045;
found 272.0050.

CN lac: 42% vyield, colorless oil. Purification by flash column
)\/\/ chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/10). *H
EtO.C NMR (400 MHz, CDCls) & 5.79-5.68 (m, 1H), 5.15-5.04 (m, 2H), 4.24 (q,
J =7.2 Hz, 2H), 3.50 (dd, J = 8.0, 6.4 Hz, 1H), 2.35-2.18 (m, 2H), 2.10-1.96 (m, 2H), 1.30 (t, J =
7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) & 166.1, 135.3, 117.3, 116.3, 62.8, 36.7, 30.6, 28.9,
14.0. FT-IR: v (cm™) 3082, 2980, 2939, 2159, 2018, 1976, 1742, 1453, 1255. HRMS [ESI] m/z:
[M+Na]* calcd for CoH1sNNaO-S 190.0838; found 190.0834.

CN lad: 36% vyield, colorless oil. Purification by flash column chromatography

_on silica gel (eluent: EtOAc/Petroleum ether = 1/5). 'H NMR (400 MHz,

CDCl3) & 5.78-5.66 (m, 1H), 5.20-5.11 (m, 2H), 3.76 (t, J = 7.2 Hz, 1H),

2.38-2.30 (m, 2H), 2.13-2.06 (m, 2H); 3C NMR (100 MHz, CDCls) & 134.0, 118.5, 112.8, 30.2,

29.7, 21.7. FT-IR: v (cm™) 2974, 2935, 2102, 1243. HRMS [ESI] m/z: [M+Na]* calcd for
C7HsNaN; 143.0580; found 143.0572.

NC

NC CN 3. 28% vyield, yellow oil. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether =
1/15). 'H NMR (400 MHz, CDCls) & 7.41-7.33 (m, 2H),
7.32-7.28 (m, 1H), 7.27-7.23 (m, 2H), 5.87-5.75 (m, 1H),
5.14-5.06 (m, 2H), 3.05-2.98 (m, 2H), 2.27-2.18 (m, 4H), 2.03-1.97 (m, 2H), 1.89-1.79 (m, 2H);
13C NMR (100 MHz, CDCl3) & 138.5, 136.6, 128.9, 128.4, 127.0, 116.4, 115.4, 39.6, 37.5, 37.2,
32.6, 31.9, 24.6. FT-IR: v (cm™) 2977, 2932, 2866, 2159, 2028, 1643, 1455. HRMS [ESI] m/z:
[M+Na]* calcd for C1sH1sN2Na 261.1362; found 261.1364.

NC CN 5: 45% yield, yellow oil. Purification by flash column chromatography
on silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400
MHz, CDCls) & 7.40-7.34 (m, 2H), 7.32-7.27 (m, 1H), 7.27-7.23 (m,
2H), 6.00-5.88 (m, 1H), 5.49-5.40 (m, 2H), 3.05-2.98 (m, 2H), 2.75 (d,

X



J = 7.2 Hz, 2H), 2.26-2.19 (m, 2H); 3C NMR (100 MHz, CDClz) § 138.5, 128.9, 128.5, 128.5,
127.0, 123.4, 115.1, 41.6, 38.8, 37.3, 31.9. FT-IR: v (cm™) 2975, 2933, 2159, 2029, 1976, 1455.
HRMS [ESI] m/z: [M+Na]* calcd for C14H1sNaN, 233.1049; found 233.1046.

5. Characterization of products

NC N
3 2a: d.r. = 1:1, 49.2 mg, 80%, yellow oil, Purification by flash

column chromatography on silica gel (eluent: EtOAc/Petroleum
ether = 1/5). *H NMR (400 MHz, CDCls) & 7.38-7.29 (m, 2H,
two isomers), 7.29-7.18 (m, 3H, two isomers), 3.65-3.45 (m, 2H, two isomers), 3.96-2.76 (m, 3H,
two isomers), 2.22-2.12 (m, 2H, two isomers), 2.10-1.81 (m, 4H, two isomers); **C NMR (100
MHz, CDCl3) 6 139.0 & 139.0 (overlap, two isomers), 128.9 & 128.9 (overlap, two isomers),
128.3 & 128.3 (overlap, two isomers), 126.8 & 126.8 (overlap, two isomers), 118.7 & 118.7 (two
isomers), 116.9 & 116.8 (two isomers), 62.4 & 62.2 (two isomers), 51.7 & 51.6 (two isomers),
40.2 & 40.2 (two isomers), 35.4 & 35.3 (two isomers), 31.8 & 31.7 (two isomers), 30.7 & 30.7
(two isomers), 24.8 & 24.7 (two isomers). FT-IR: v (cm™) 2974, 2930, 2102, 1732, 1455, 1242.
HRMS [ESI] m/z: [M+Na]* calcd for C1sHisNaNg 331.1390; found 331.1388.

N3
CN

NC Nj 2b: d.r. = 1:1, 39.8 mg, 61%, yellow oil, Purification by

Ns flash column chromatography on silica gel (eluent:

CN EtOAc/Petroleum ether = 1/5). 'H NMR (400 MHz, CDCls)

F § 7.20-7.14 (m, 2H, two isomers), 7.05-6.97 (m, 2H, two

isomers), 3.65-3.54 (m, 2H, two isomers), 2.92-2.78 (m, 3H, two isomers), 2.20-2.08 (m, 2H, two

isomers), 2.07-1.82 (m, 4H, two isomers); $3C NMR (100 MHz, CDCl3) & 161.2 (d, Jc.r = 243.5

Hz) (overlap, two isomers), 134.6 (d, Jc.r = 3.1 Hz, one isomer) & 134.6 (d, Jcr = 3.2 Hz, one

isomer), 129.8 (d, Jcr = 7.9 Hz) (overlap, two isomers), 118.6 & 118.6 (two isomers), 116.8 &

116.7 (two isomers), 115.7 (d, Jc-r = 21.2 Hz) (overlap, two isomers), 62.3 & 62.1 (two isomers),

51.7 & 51.6 (two isomers), 40.4 & 40.3 (two isomers), 35.5 & 35.4 (two isomers), 31.8 & 31.7

(two isomers), 30.0 & 29.9 (two isomers), 24.9 & 24.6 (two isomers); 1°F NMR (376 MHz, CDCls)

& -116.0 (s, one isomer), -116.0 (s, one isomer). FT-IR: v (cm™) 2936, 2103, 1732, 1510, 1241,
1222. HRMS [ESI] m/z: [M+Na]* calcd for CisH1sFNaNg 349.1296; found 349.1313.

NC Nj 2c: d.r. = 1:1, 35.2 mg, 52%, yellow oil, Purification by

Ns flash column chromatography on silica gel (eluent:

- CN EtOAc/Petroleum ether = 1/5). 'H NMR (400 MHz,
O CDCl3) & 7.15-7.09 (m, 2H, two isomers), 6.89-6.83 (m,
2H, two isomers), 3.79 (s, 3H, two isomers), 3.61-3.53 (m, 2H, two isomers), 2.88-2.74 (m, 3H,
two isomers), 2.15-2.09 (m, 2H, two isomers), 2.03-1.80 (m, 4H, two isomers); *C NMR (100
MHz, CDCl3) & 158.5 & 158.5 (overlap, two isomers), 131.0 & 131.0 (overlap, two isomers),
129.3 & 129.3 (overlap, two isomers), 118.7 & 118.7 (two isomers), 117.0 & 116.8 (two isomers),
114.3 & 114.3 (overlap, two isomers), 62.4 & 62.2 (two isomers), 55.3 & 55.3 (overlap, two
isomers), 51.7 & 51.7 (two isomers), 40.5 & 40.4 (two isomers), 35.4 & 35.3 (two isomers), 31.8
& 31.7 (two isomers), 29.9 & 29.8 (two isomers), 24.9 & 24.7 (two isomers). FT-IR: v (cm™)
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3020, 2932, 2103, 1612, 1513, 1246. HRMS [ESI] m/z: [M+Na]* calcd for CisHisNsNaO
361.1496; found 361.1476.

NC Ns 2d: d.r. = 1:1, 44.7 mg, 65%, yellow oil, Purification by

flash column chromatography on silica gel (eluent:

CN ®  EtOAc/Petroleum ether = 1/5). 'H NMR (400 MHz, CDCls)

Cl § 7.32-7.27 (m, 2H, two isomers), 7.16-7.12 (m, 2H, two

isomers), 3.64-3.54 (m, 2H, two isomers), 2.89-2.80 (m, 3H, two isomers), 2.16-2.07 (m, 2H, two

isomers), 2.06-1.82 (m, 4H, two isomers); :3C NMR (100 MHz, CDCls) § 137.4 & 137.4 (overlap,

two isomers), 132.6 & 132.6 (overlap, two isomers), 129.7 & 129.7 (overlap, two isomers), 129.0

& 129.0 (overlap, two isomers), 118.6 & 118.6 (two isomers), 116.8 & 116.6 (two isomers), 62.3

& 62.1 (two isomers), 51.7 & 51.6 (two isomers), 40.2 & 40.1 (two isomers), 35.5 & 35.4 (two

isomers), 31.8 & 31.7 (two isomers), 30.1 & 30.0 (two isomers), 24.9 & 24.6 (two isomers). FT-IR:

v (cm) 2924, 2853, 2246, 2103, 1735, 1493, 1248. HRMS [ESI] m/z: [M+Na]* calcd for
C15H15CINgNa 365.1000; found 365.1001.

NC N3 2e: d.r. = 1:1, 32.7 mg, 46%, yellow oil. Purification by

N flash column chromatography on silica gel (eluent:

CN EtOAc/Petroleum ether = 1/5). 'H NMR (400 MHz,

CDCls) 6 8.21-8.16 (m, 2H, two isomers), 7.41-7.36 (m,

2H, two isomers), 3.66-3.57 (m, 2H, two isomers), 3.06-2.93 (m, 2H, two isomers), 2.90-2.82 (m,

1H, two isomers) , 2.24-2.06 (m, 3H, two isomers), 2.06-1.87 (m, 3H, two isomers); 13C NMR

(100 MHz, CDCl3) 6 147.0 & 147.0 (overlap, two isomers), 146.6 & 146.6 (overlap, two isomers),

129.3 & 129.3 (overlap, two isomers), 124.1 & 124.1 (overlap, two isomers), 118.6 & 118.6 (two

isomers), 116.5 & 116.4 (two isomers), 62.2 & 62.1 (two isomers), 51.7 & 51.6 (two isomers),

39.6 & 39.6 (two isomers), 35.7 & 35.6 (two isomers), 31.8 & 31.7 (two isomers), 30.6 & 30.6

(two isomers), 24.9 & 24.6 (two isomers). FT-IR: v (cm™) 2924, 2853, 2103, 1601, 1518, 1456,
1346, 1246. HRMS [ESI] m/z: [M+Na]* calcd for C15sH1sNgNaO; 376.1241; found 376.1221.

O,N

NC Nj 2f: d.r. = 1:1, 39.3 mg, 61%, yellow oil. Purification by flash
column  chromatography on silica gel (eluent:
EtOAc/Petroleum ether = 1/5). 'TH NMR (400 MHz, CDCl3)
d 7.19-7.05 (m, 4H, two isomers), 3.63-3.53 (m, 2H, two
isomers), 2.90-2.77 (m, 3H, two isomers), 2.34 (s, 3H, two isomers), 2.18-2.09 (m, 2H, two
isomers), 2.05-1.82 (m, 4H, two isomers); *C NMR (100 MHz, CDCl3) 6 136.4 & 136.4 (overlap,
two isomers), 135.9 & 135.9 (overlap, two isomers), 129.5 & 129.5 (overlap, two isomers), 128.2
& 128.2 (overlap, two isomers), 118.7 & 118.6 (two isomers), 116.9 & 116.8 (two isomers), 62.4
& 62.2 (two isomers), 51.7 & 51.7 (overlap, two isomers), 40.4 & 40.3 (two isomers), 35.4 & 35.3
(two isomers), 31.8 & 31.7 (two isomers), 30.3 & 30.2 (two isomers), 24.9 & 24.7 (two isomers),
21.0 & 21.0 (overlap, two isomers). FT-IR: v (cm™) 3021, 2925, 2867, 2246, 2103, 1515, 1455,
1247. HRMS [ESI] m/z: [M+Na]* calcd for Ci6H1sNsNa 345.1547; found 345.1552.

N3
CN

NC Nj 2g: d.r. = 1:1, 30.6 mg, 47%, yellow oil. Purification by flash

column chromatography on silica gel (eluent: EtOAc/Petroleum
3

- CN "



ether = 1/5). 'H NMR (400 MHz, CDCls) § 7.28-7.19 (m, 2H, two isomers), 7.13-7.02 (m, 2H,
two isomers), 3.65-3.55 (m, 2H, two isomers), 2.93-2.87 (m, 2H, two isomers), 2.87-2.79 (m, 1H,
two isomers), 2.20-2.11 (m, 2H, two isomers), 2.08-1.87 (m, 4H, two isomers); **C NMR (100
MHz, CDCls) 6 161.1 (d, Jc-r = 243.8 Hz) (overlap, two isomers), 130.6 (d, Jc-r = 4.8 Hz)
(overlap, two isomers), 128.8 (d, Jc.r = 8.1 Hz) (overlap, two isomers), 125.9 (d, Jcr = 15.5 Hz)
(overlap, two isomers), 124.5 (d, Jcr = 3.6 Hz) (overlap, two isomers), 118.6 & 118.6 (two
isomers), 116.8 & 116.7 (two isomers), 115.6 (d, Jc-r = 21.4 Hz) (overlap, two isomers), 62.3 &
62.1 (two isomers), 51.7 & 51.7 (two isomers), 38.4 (d, Jc.e = 5.1 Hz, one isomer) & 38.4 (d, Jc-r
= 4.8 Hz, one isomer), 35.2 & 35.1 (two isomers), 31.8 & 31.7 (two isomers), 24.8 & 24.6 (two
isomers), 24.5 (d, Jc.r = 7.6 Hz, one isomer) & 24.5 (d, Jc-r = 7.6 Hz, one isomer)); °F NMR (376
MHz, CDCls) 6 -118.5 & -118.5 (overlap, two isomers). FT-IR: v (cm™) 2983, 2934, 2104, 1732,
1493, 1373, 1239. HRMS [ESI] m/z: [M+Na]* calcd for C1sH1isFNaNg 349.1296; found 349.1284.

NC N 2h: d.r. = 1:1, 31.1 mg, 48%, yellow oil. Purification by
F N flash column chromatography on silica gel (eluent:
M ®  EtOAc/Petroleum ether = 1/5). 'H NMR (400 MHz, CDCls)
& 7.33-7.26 (m, 1H, two isomers), 7.01-6.89 (m, 3H, two
isomers), 3.65-3.55 (m, 2H, two isomers), 2.94-2.79 (m, 3H, two isomers), 2.20-2.10 (m, 2H, two
isomers), 2.00-1.83 (m, 4H, two isomers); $3C NMR (100 MHz, CDCl3) & 163.0 (d, Jc.r = 244.9
Hz) (overlap, two isomers), 141.5 (d, Jc.r = 7.2 Hz) (overlap, two isomers), 130.4 (d, Jc-r = 8.5 Hz)
(overlap, two isomers), 124.0 (d, Jc-r = 2.8 HZz) (two isomers), 118.6 & 118.6 (two isomers), 116.7
& 116.6 (two isomers), 115.3 (d, Jc.r = 21.1 Hz) (overlap, two isomers), 113.8 (d, Jcr = 20.8 Hz)
(overlap, two isomers), 62.3 & 62.1 (two isomers), 51.7 & 51.6 (two isomers), 40.0 & 39.9 (two
isomers), 35.5 & 35.4 (two isomers), 31.8 & 31.7 (two isomers), 30.5 (d, Jc-r = 7.8 Hz, one isomer)
& 30.4 (d, Jc.r = 7.9 Hz, one isomer), 24.9 & 24.7 (two isomers); 1°F NMR (376 MHz, CDCls3) §
-112.7 (s, one isomer), -112.7 (s, one isomer). FT-IR: v (cm™) 3021, 2932, 2245, 2102, 1589, 1453,
1248. HRMS [ESI] m/z: [M+Na]* calcd for CisH1sFNaNg 349.1296; found 349.1307.

NC Ns 2i: d.r. = 1:1, 42.6 mg, 76%, yellow oil. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/5).
'H NMR (400 MHz, CDCl3) & 7.59-7.45 (m, 5H, two isomers),
3.58-3.48 (m, 2H, two isomers), 2.87-2.70 (m, 1H, two isomers),
2.35-2.02 (m, 2H, two isomers), 2.00-1.89 (m, 1H, two isomers), 1.84-1.69 (m, 1H, two isomers);
13C NMR (100 MHz, CDCl3) & 134.8 & 134.7 (two isomers), 130.4 & 130.3 (two isomers), 129.7
& 129.7 (overlap, two isomers), 125.5 & 125.5 (overlap, two isomers), 118.7 & 118.7 (two
isomers), 117.0 & 116.9 (two isomers), 66.4 & 66.3 (two isomers), 51.7 & 51.6 (two isomers),
39.0 & 38.9 (two isomers), 31.7 & 31.5 (two isomers), 25.1 & 25.0 (two isomers). FT-IR: v (cm™)
3021, 2932, 2245, 2099, 1492, 1224. HRMS [ESI] m/z: [M+Na]* calcd for C13H12NgNa 303.1077;
found 303.1079.

N3
CN

NC N 2j: d.r. = 1:1, 45,5 mg, 73%, yellow oil. Purification by flash
column chromatography on silica gel (eluent: EtOAc/Petroleum
ether = 1/5). *H NMR (400 MHz, CDCls) § 7.50-7.44 (m, 2H,
0o two isomers), 7.02-6.97 (m, 2H, two isomers), 3.85 (s, 3H, two

N3
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isomers), 3.58-3.48 (m, 2H, two isomers), 2.87-2.69 (m, 1H, two isomers), 2.34-2.00 (m, 2H, two
isomers), 1.99-1.86 (m, 1H, one isomer), 1.80-1.65 (m, 1H, one isomer); 3C NMR (100 MHz,
CDCl3) 6 160.9 & 160.9 (two isomers), 127.1 & 127.0 (two isomers), 126.5 & 126.3 (two
isomers), 118.7 & 118.7 (two isomers), 117.2 & 117.2 (two isomers), 114.9 & 114.9 (two isomers),
66.1 & 65.9 (two isomers), 55.5 & 55.5 (overlap, two isomers), 51.7 & 51.6 (two isomers), 38.8 &
38.7 (two isomers), 31.7 & 31.5 (two isomers), 25.2 & 25.0 (two isomers). FT-IR: v (cm) 2932,
2362, 2331, 2102, 1512, 1256. HRMS [ESI] m/z: [M+Na]* calcd for C14H14NsNaO 333.1183;
found 333.1196.

NC N, 2k: d.r. = 1:1, 44.0 mg, 60%, yellow oil. Purification by flash

N column  chromatography on  silica gel  (eluent:

CN EtOAc/Petroleum ether = 1/5). *H NMR (400 MHz, CDCls) &

7.64-7.59 (m, 2H, two isomers), 7.38-7.33 (m, 2H, two

isomers), 3.61-3.50 (m, 2H, two isomers), 2.88-2.73 (m, 1H, one isomer), 2.33-2.19 (m, 1H, one

isomer), 2.18-2.06 (m, 1H, one isomer), 2.06-1.91 (m, 1H, one isomer), 1.86-1.71 (m, 1H, one

isomer); 13C NMR (100 MHz, CDCl3) § 150.4 (q, Jcr = 1.9 Hz) (overlap, two isomers), 133.6 &

133.4 (two isomers), 127.4 & 127.4 (overlap, two isomers), 121.9 & 121.9 (overlap, two isomers),

120.3 & 120.3 (q, J = 257.2 Hz) (overlap, two isomers), 118.6 &.118.5 (two isomers), 116.5 &

116.5 (two isomers), 65.8 & 65.6 (two isomers), 51.6 & 51.6 (two isomers), 39.2 & 39.0 (two

isomers), 31.7 & 31.5 (two isomers), 25.1 & 25.0 (two isomers); °F NMR (376 MHz, CDCls) &

-57.8 (s, one isomer), -57.8 (s, one isomer). FT-IR: v (cm™) 2933, 2246, 2103, 1734, 1509, 1254,
1211. HRMS [ESI] m/z: [M+Na]* calcd for C14H1:F3NsgNaO 387.0900; found 387.0902.

F4CO

NC Ns 2l: d.r. = 1:1, 43.9 mg, 71%, yellow oil. Purification by flash column
N; chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/5).

_CN H NMR (400 MHz, CDCls) & 7.51-7.41 (m, 2H, two isomers),

o 7.09-7.01 (m, 2H, two isomers), 3.95 (s, 3H, two isomers), 3.56-3.47

(m, 2H, two isomers), 2.82-2.71 (m, 1H, two isomers), 2.56-2.20 (m, 2H, two isomers), 1.88-1.72
(m, 2H, two isomers); *C NMR (100 MHz, CDCl3) 6 156.4 & 156.3 (two isomers), 131.6 & 131.6
(two isomers), 127.1 & 126.9 (two isomers), 122.2 & 122.0 (two isomers), 121.3 & 121.3 (two
isomers), 118.9 & 118.8 (two isomers), 116.9 &.116.9 (overlap, two isomers), 112.5 & 112.5
(overlap, two isomers), 64.0 & 63.7 (two isomers), 55.9 & 55.9 (overlap, two isomers), 51.7 &
51.7 (two isomers), 35.3 & 35.2 (two isomers), 31.8 & 31.6 (two isomers), 24.9 & 24.7 (two
isomers). FT-IR: v (cm™) 2926, 2846, 2360, 2244, 2103, 1490, 1252. HRMS [ESI] m/z: [M+Na]*
calcd for C14H14NsNaO 333.1183; found 333.1200.

NC Ns 2m: d.r. = 1:1, 46.1 mg, 74%, yellow solid. Purification by

_0O N, flash column chromatography on silica gel (eluent:
CN EtOAc/Petroleum ether = 1/5). 'H NMR (400 MHz, CDCls3) &

7.44-7.38 (m, 1H, two isomers), 7.15-7.11 (m, 1H, two isomers),

7.07-7.04 (m, 1H, two isomers), 7.01-6.97 (m, 1H, two isomers), 3.86 (s, 3H, two isomers),
3.58-3.48 (m, 2H, two isomers), 2.85-2.69 (m, 1H, two isomers), 2.33-2.02 (m, 2H, two isomers),
1.99-1.87 (m, 1H, two isomer), 1.83-1.67 (m, 1H, two isomer); 3C NMR (100 MHz, CDCls) &
160.4 & 160.4 (two isomers), 136.2 & 136.1 (two isomers), 130.8 & 130.8 (two isomers), 118.7 &
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118.7 (two isomers), 117.6 & 117.6 (two isomers), 116.9 & 116.9 (two isomers), 115.5 & 115.4
(two isomers), 111.5 & 111.5 (two isomers), 66.3 & 66.2 (two isomers), 55.5 & 55.5 (overlap, two
isomers), 51.7 & 51.6 (two isomers), 38.9 & 38.8 (two isomers), 31.7 & 31.5 (two isomers), 25.1
& 24.9 (two isomers). FT-IR: v (cm™) 3021, 2939, 2245, 2104, 1735, 1261, 1225. HRMS [ESI]
m/z: [M+Na]* calcd for C14H14NgNaO 333.1183; found 333.1197.

2n: d.r. = 1:1, 35.8 mg, 58%, yellow oil. Purification by flash
column chromatography on silica gel (eluent: EtOAc/Petroleum
ether = 1/5). 'H NMR (400 MHz, CDCl3) & 7.14 (s, 2H, two
isomers), 7.09 (s, 1H, two isomers), 3.58-3.49 (m, 2H, two
isomers), 2.86-2.68 (m, 1H, two isomers), 2.38 (s, 6H, two
isomers), 2.32-2.00 (m, 2H, two isomers), 2.00-1.88 (m, 1H, one isomer), 1.83-1.69 (m, 1H, one
isomer); 13C NMR (100 MHz, CDCl3) & 139.5 & 139.5 (overlap, two isomers), 134.6 & 134.5
(two isomers), 132.0 & 131.9 (two isomers), 123.2 & 123.2 (overlap, two isomers), 118.7 & 118.7
(two isomers), 117.2 & 117.1 (two isomers), 66.4 & 66.3 (two isomers), 51.7 & 51.6 (two
isomers), 38.9 & 38.8 (two isomers), 31.7 & 31.6 (two isomers), 25.2 & 25.0 (two isomers), 21.4
& 21.4 (overlap, two isomers). FT-IR: v (cm™) 3020, 2924, 2247, 2104, 1609, 1455, 1219. HRMS
[ESI] m/z: [M+Na]* calcd for CisH16NgNa 331.1390; found 331.1405.

NC Nj

CN

| CN 20: d.r. = 1:1, 55.6 mg, 66%, yellow solid. Purification by flash
N3 column chromatography on silica gel (eluent: EtOAc/Petroleum

ether = 1/5). 'H NMR (400 MHz, CDCl3) 4 7.93 (dd, J = 7.6, 0.4

Hz, 1H, two isomers), 7.49 (dd, J = 7.6, 0.4 Hz, 1H, two isomers),
7.39 (ddd, J=7.6, 7.6, 0.8 Hz, 1H, two isomers), 7.05 (ddd, J = 7.6, 7.6, 1.2 Hz, 1H, two isomers),
3.62-3.53 (m, 2H, two isomers), 3.42 (s, 2H, two isomers), 2.90-2.78 (m, 1H, two isomers),
2.21-1.86 (m, 4H, two isomers); *C NMR (100 MHz, CDCl3) & 140.5 & 140.5 (overlap, two
isomers), 135.7 & 135.6 (two isomers), 131.3 & 131.3 (two isomers), 130.2 & 130.2 (overlap, two
isomers), 128.9 & 128.9 (overlap, two isomers), 118.7 & 118.6 (two isomers), 116.4 & 116.2 (two
isomers), 102.6 & 102.6 (overlap, two isomers), 63.4 & 63.3 (two isomers), 51.7 & 51.7 (overlap,
two isomers), 48.1 & 48.0 (two isomers), 35.7 & 35.6 (two isomers), 31.8 & 31.7 (two isomers),
25.1 & 25.0 (two isomers). FT-IR: v (cml) 2977, 2935, 2361, 2106, 1732, 1243. HRMS [ESI] m/z:
[M+Na]* calcd for C14H13NgNal 443.0200; found 443.0202.

NC Nj

{

2p: d.r. = 1:1, 34.2 mg, 63%, yellow oil. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/5).
'H NMR (400 MHz, CDCl3) & 3.64-3.54 (m, 2H, two isomers),
2.92-2.76 (m, 1H, two isomers), 2.76-2.54 (m, 1H, two isomers),
2.34-2.22 (m, 1H, two isomers), 2.15-1.85 (m, 5H, two isomers), 1.85-1.68 (m, 3H, two isomers),
1.68-1.55 (m, 3H, two isomers); 3C NMR (100 MHz, CDCls) & 118.7 & 118.7 (two isomers),
116.5 & 116.4 (two isomers), 66.5 & 66.5 (overlap, two isomers), 51.7 & 51.7 (two isomers), 48.4
& 48.4 (overlap, two isomers), 35.1 & 34.9 (two isomers), 31.9 &.31.9 (two isomers), 28.8 & 28.8
(two isomers), 28.1 & 27.9 (two isomers), 25.4 & 25.3 (two isomers), 25.2 & 25.2 (two isomers),
25.0 & 24.8 (two isomers). FT-IR: v (cm™) 3649, 2972, 2253, 2109, 1717, 1259. HRMS [ESI] m/z:
[M+Na]* calcd for C12H16NgNa 295.1390; found 295.1390.

NC Nj

N3
CN

14



2q: d.r. = 1:1, 33.1 mg, 64%, yellow oil. Purification by flash
N3 column chromatography on silica gel (eluent: EtOAc/Petroleum

ether = 1/5). 'H NMR (400 MHz, CDCls) & 3.64-3.53 (m, 2H, two

isomers), 2.91-2.75 (m, 1H, two isomers), 2.12-1.70 (m, 6H, two
isomers), 1.60-1.47 (m, 2H, two isomers), 1.47-1.35 (m, 2H, two isomers), 0.96 (t, J = 7.2 Hz, 3H,
two isomers); 33C NMR (100 MHz, CDCl3) & 118.7 & 118.7 (two isomers), 117.2 & 117.1 (two
isomers), 62.6 & 62.4 (two isomers), 51.7 & 51.7 (two isomers), 38.2 & 38.2 (overlap, two
isomers), 35.2 & 35.1 (two isomers), 31.8 &.31.8 (two isomers), 26.4 & 26.3 (two isomers), 24.9
& 24.7 (two isomers), 22.3 & 22.3 (overlap, two isomers), 13.8 & 13.8 (overlap, two isomers).
FT-IR: v (cm™) 2969, 2922, 2361, 2104, 1497, 1259. HRMS [ESI] m/z: [M+Na]* calcd for
C11H16NgNa 283.1390; found 283.1389.

CN

NC Nj

2r: d.r. = 1:1, 24.3 mg, 44%, yellow oil. Purification by flash
column chromatography on silica gel (eluent: EtOAc/Petroleum
ether = 1/5). 'H NMR (400 MHz, CDCls) & 3.66 (t, J = 6.0 Hz,
2H, two isomers), 3.63-3.54 (m, 2H, two isomers), 3.51 (q, J =
7.2 Hz, 2H, two isomers), 2.87-2.77 (m, 1H, two isomers), 2.23-1.80 (m, 6H, two isomers), 1.22 (t,
J = 7.2 Hz, 3H, two isomers); 3C NMR (100 MHz, CDCls) & 118.7 & 118.7 (two isomers), 117.0
& 116.9 (two isomers), 66.8 & 66.8 (overlap, two isomers), 65.4 & 65.4 (two isomers), 61.5 &
61.3 (two isomers), 51.8 & 51.8 (two isomers), 38.0 & 38.0 (overlap, two isomers), 35.9 & 35.8
(two isomers), 31.8 & 31.8 (two isomers), 24.8 & 24.6 (two isomers), 15.0 & 15.0 (overlap, two
isomers). FT-IR: v (cm®) 2923, 2851, 2358, 2148, 1459, 1261. HRMS [ESI] m/z: [M+Na]* calcd
for C11H1NgNaO 299.1339; found 299.1349.

CN
\/OWN3
NC Nj

2s: d.r. = 1:1, 45.9 mg, 73%, yellow oil. Purification by flash
column chromatography on silica gel (eluent: EtOAc/Petroleum
ether = 1/5). 'TH NMR (400 MHz, CDCl3) 6 3.64-3.54 (m, 2H,
two isomers), 2.90-2.70 (m, 1H, two isomers), 2.00-1.84 (m, 5H,
two isomers), 1.83-1.62 (m, 6H, two isomers), 1.50-1.35 (m, 2H, two isomers), 1.33-1.09 (m, 5H,
two isomers), 1.02-0.85 (m, 1H, two isomers); 13C NMR (100 MHz, CDCl3) 6 118.7 & 118.7 (two
isomers), 117.2 & 117.1 (two isomers), 62.8 & 62.6 (two isomers), 51.7 & 51.7 (two isomers),
37.4 & 37.4 (overlap, two isomers), 36.0 & 36.0 (overlap, two isomers), 35.1 &.35.0 (two
isomers), 33.1 & 33.1 (two isomers), 31.8 & 31.8 (two isomers), 31.6 & 31.5 (two isomers), 26.4
& 26.4 (overlap, two isomers), 26.1 & 26.1 (overlap, two isomers), 24.9 & 24.6 (two isomers).
FT-IR: v (cm™) 2975, 2925, 2362, 2103, 1734, 1489, 1245. HRMS [ESI] m/z: [M+Na]* calcd for
CisH22NgNa 337.1860; found 337.1852.

CN
NE

NC Nj

CN 2t: d.r. = 1:1, 44.7 mg, 70%, yellow oil. Purification by flash

o) N, column  chromatography on silica gel (eluent:
©/ NG N, EtOAc/Petroleum ether = 1/5). 'H NMR (400 MHz, CDCls)
8 7.35-7.28 (m, 2H, two isomers), 7.03-6.98 (m, 1H, two

isomers), 6.95-6.90 (m, 2H, two isomers), 4.29-4.19 (m, 2H, two isomers), 3.64-3.54 (m, 2H, two
isomers), 2.88-2.79 (m, 1H, two isomers), 2.46-2.30 (m, 2H, two isomers), 2.30-2.10 (m, 1H, two
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isomers), 2.04-1.91 (m, 3H, two isomers); *3C NMR (100 MHz, CDCls) § 157.8 & 157.8 (overlap,
two isomers), 129.7 & 129.7 (overlap, two isomers), 121.6 & 121.6 (overlap, two isomers), 118.7
& 118.7 (overlap, two isomers), 116.8 & 116.7 (two isomers), 114.5 & 114.5 (overlap, two
isomers), 62.7 & 62.7 (two isomers), 61.2 & 61.0 (two isomers), 51.7 & 51.7 (overlap, two
isomers), 37.5 & 37.4 (two isomers), 35.9 & 35.8 (two isomers), 31.8 & 31.8 (two isomers), 24.8
& 24.7 (two isomers). FT-IR: v (cm™) 2979, 2937, 2341, 2104, 1732, 1239. HRMS [ESI] m/z:
[M+Na]* calcd for C1sH1sNsNaO 347.1339; found 347.1322.

2u: d.r. = 1:1, 48.1 mg, 86%, yellow oil. Purification by flash
N3 column chromatography on silica gel (eluent: EtOAc/Petroleum

ether = 1/5). 'H NMR (400 MHz, CDCl3) & 3.66-3.55 (m, 3H,

two isomers), 3.51-3.44 (m, 1H, two isomers), 2.88-2.80 (m, 1H,
two isomers), 2.20-1.99 (m, 5H, two isomers), 1.99-1.81 (m, 3H, two isomers); 3C NMR (100
MHz, CDCls) 6 118.6 & 118.6 (two isomers), 116.7 & 116.6 (two isomers), 62.1 & 61.9 (two
isomers), 51.7 & 51.6 (two isomers), 43.6 & 43.6 (overlap, two isomers), 35.8 & 35.8 (two
isomers), 35.5 & 35.3 (two isomers), 31.8 & 31.7 (two isomers), 27.3 & 27.2 (two isomers), 24.8
& 24.6 (two isomers). FT-IR: v (cm™) 2983, 2938, 2106, 1733, 1240. HRMS [ESI] m/z: [M+Na]*
calcd for C10H14CINg 281.1024; found 281.1015.

CN

cl
NC Nj

o) 2v: d.r. = 1:1, 72.8 mg, 90%, yellow oil. Purification

CN by flash column chromatography on silica gel (eluent:
N3V\/§(\/VN EtOAc/Petroleum ether = 1/5). *H NMR (400 MHz,
NC N3 O CDCls) § 7.86-7.83 (m, 2H), 7.73-7.71 (m, 2H), 3.72

(t, J = 6.8 Hz, 2H), 3.59 (dd, J = 6.4, 2.8 Hz, 2H), 2.86-2.82 (m, 1H), 1.98-1.89 (m, 5H), 1.81-1.75
(m, 3H), 1.63-1.56 (m, 2H); 3C NMR (100 MHz, CDCl3) & 168.4 & 168.4 (overlap, two isomers),
134.1 & 134.1 (overlap, two isomers), 132.0 & 132.0 (overlap, two isomers), 123.4 & 123.4
(overlap, two isomers), 118.7 & 118.6 (two isomers), 117.0 & 116.9 (two isomers), 62.4 & 62.3
(two isomers), 51.7 & 51.7 (overlap, two isomers), 37.7 & 37.6 (two isomers), 37.0 & 37.0
(overlap, two isomers), 35.2 & 35.0 (two isomers), 31.8 & 31.8 (two isomers), 28.0 & 28.0
(overlap, two isomers), 24.8 & 24.6 (two isomers), 21.4 & 21.3 (two isomers). FT-IR: v (cm™)
3021, 2939, 2869, 2104, 1771, 1706, 1438. HRMS [ESI] m/z: [M+Na]* calcd for CigH19NgNaO;
428.1554; found 428.1571.

2w: 415 mg, 63%, yellow oil. Purification by flash column

O chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/5).

'H NMR (400 MHz, CDCl3) & 7.40-7.34 (m, 4H), 7.34-7.28 (m, 6H),

Ny ! O 3.50-3.39 (M, 2H), 2.74-2.62 (m, 2H), 2.53-2.44 (m, 1H), 1.61-1.50 (m,

CN 3 2H); *°C NMR (100 MHz, CDCls) §142.0, 141.8, 128.7, 128.0, 128.0,

127.0, 126.9, 119.4, 72.0, 51.9, 36.3, 32.3, 24.7. FT-IR: v (cm™) 3060,

2933, 2244, 2097, 1773, 1493, 1447, 1252. HRMS [ESI] m/z: [M+Na]* calcd for CigH17N7Na
354.1438; found 354.1441.

CN 2x: d.r. = 1:1, 36.4 mg, 56%, yellow solid. Purification by flash

WM column chromatography on silica gel (eluent: EtOAc/Petroleum
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ether = 1/5). 'H NMR (400 MHz, CDCls) & 7.44-7.26 (m, 5H, two isomers), 3.50-3.36 (m, 2H,
two isomers), 2.78-2.48 (m, 1H, two isomers), 2.26-2.12 (m, 1H, two isomers), 2.06-1.88 (m, 2H,
two isomers), 1.74-1.56 (m, 1H, two isomers), 1.44-1.20 (m, 7H, two isomers), 1.14-1.00 (m, 1H,
two isomers), 0.84 (t, J = 6.8 Hz, 3H, two isomers); 3C NMR (100 MHz, CDCls) § 140.5 & 140.5
(overlap, two isomers), 128.7 & 128.7 (overlap, two isomers), 127.5 & 127.4 (two isomers), 125.7
& 125.7 (overlap, two isomers), 119.3 & 119.3 (overlap, two isomers), 69.6 & 69.4 (two isomers),
51.9 & 51.7 (two isomers), 40.3 & 40.0 (two isomers), 37.5 & 37.3 (two isomers), 32.3 & 32.1
(two isomers), 31.8 & 31.8 (overlap, two isomers), 24.4 & 24.3 (two isomers), 23.4 & 23.4
(overlap, two isomers), 22.4 & 22.4 (overlap, two isomers), 13.9 & 13.9 (overlap, two isomers).
FT-IR: v (cm™) 2932, 2872, 2099, 1976, 1375, 1259. HRMS [ESI] m/z: [M+Na]* calcd for
Ci17H23N7Na 348.1907; found 348.1898.

2y: d.r. = 1:1, 47.8 mg, 75%, yellow oil. Purification by flash
N5 column chromatography on silica gel (eluent: EtOAc/Petroleum

ether = 1/5). *H NMR (400 MHz, CDCls) § 4.26 (q, J = 7.2 Hz,

2H, two isomers), 3.58-3.47 (m, 2H, two isomers), 2.81-2.70 (m,
1H, two isomers), 2.12-1.54 (m, 6H, two isomers), 1.45-1.20 (m, 9H, two isomers), 0.89 (t, J = 6.0
Hz, 3H, two isomers); 3C NMR (100 MHz, CDCl3) § 171.6 & 171.5 (two isomers), 119.2 & 119.2
(two isomers), 69.3 & 69.0 (two isomers), 62.2 & 62.2 (overlap, two isomers), 51.8 & 51.7 (two
isomers), 37.1 & 36.8 (two isomers), 33.4 & 33.2 (two isomers), 32.2 & 32.1 (two isomers), 31.7
& 31.7 (overlap, two isomers), 24.6 & 24.4 (two isomers), 23.5 & 23.5 (two isomers), 22.3 & 22.3
(overlap, two isomers), 14.2 & 14.2 (overlap, two isomers), 13.9 & 13.9 (overlap, two isomers).
FT-IR: v (cm®) 2962, 2935, 2105, 1976, 1733, 1456, 1259. HRMS [ESI] m/z: [M+Na]* calcd for
Cu4H23N7NaO, 344.1805; found 344.1817.

CN

Et0,C Nj

Et0,C Ns 2z: d.r. = 1:1, 57.5 mg, 88%, yellow oil. Purification by flash column

N, chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/5).

CN 'H NMR (400 MHz, CDCl3) & 7.46-7.34 (m, 5H, two isomers),

4.37-4.28 (m, 2H, two isomers), 3.54-3.44 (m, 2H, two isomers),

2.78-2.69 (m, 1H, two isomers), 2.41-2.04 (m, 2H, two isomers), 1.78-1.59 (m, 2H, two isomers),

1.32 (t, J = 7.2 Hz, 3H, one isomer), 1.31 (t, J = 7.2 Hz, 3H, one isomer); 3C NMR (100 MHz,

CDCl3) 6 170.6 & 170.6 (two isomers), 137.4 & 137.3 (two isomers), 129.2 & 129.2 (overlap, two

isomers), 128.9 & 128.9 (two isomers), 125.5 & 125.5 (overlap, two isomers), 119.2 & 119.2 (two

isomers), 72.4 & 72.3 (two isomers), 62.7 & 62.7 (overlap, two isomers), 51.8 & 51.7 (two

isomers), 36.0 & 36.0 (two isomers), 32.1 & 32.1 (two isomers), 24.7 & 24.6 (two isomers), 14.1

& 14.1 (overlap, two isomers). FT-IR: v (cm™) 2983, 2938, 2244, 2106, 1733, 1448, 1241. HRMS
[ESI] m/z: [M+Na]* calcd for C1sH17N702Na 350.1336; found 350.1347.

N; 2aa: d.r. = 1:1, 27.6 mg, 54%, yellow oil. Purification by flash

N column chromatography on silica gel (eluent: EtOAc/Petroleum ether
CN ®  =1/5). 'H NMR (400 MHz, CDCl3) & 7.48-7.35 (m, 3H, two isomers),
7.35-7.29 (m, 2H, two isomers), 4.50 (dt, J = 8.0, 5.6 Hz, 1H, two

isomers), 3.56-3.45 (m, 2H, two isomers), 2.80-2.71 (m, 1H, two isomers), 2.10-1.75 (m, 3H, two
isomers), 1.71-1.60 (m, 1H, two isomers); **C NMR (100 MHz, CDCl3) 6 138.6 & 138.6 (overlap,
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two isomers), 129.1 & 129.1 (overlap, two isomers), 128.8 & 128.7 (two isomers), 126.8 & 126.8
(overlap, two isomers), 119.3 & 119.2 (two isomers), 65.7 & 65.3 (two isomers), 51.9 & 51.8 (two
isomers), 33.6 & 33.4 (two isomers), 32.1 & 31.9 (two isomers), 26.6 & 26.2 (two isomers).
FT-IR: v (cm™) 3024, 2933, 2356, 2245, 2095, 1741, 1454, 1246. HRMS [ESI] m/z: [M+Na]*
calcd for C12H13N7Na 278.1125; found 278.1130.

Ng 2ab: d.r. = 1:1, 28.6 mg, 43%, yellow oil. Purification by flash
WM column chromatography on silica gel (eluent: EtOAc/Petroleum
CN ether = 1/5). 'H NMR (400 MHz, CDCl3) 8 7.56-7.52 (m, 2H),

Br 7.21-7.17 (m, 2H), 4.51-4.44 (m, 1H), 3.54-3.47 (m, 2H),
2.79-2.73 (m, 1H), 2.04-1.76 (m, 3H), 1.69-1.61 (m, 1H); 1*C NMR (100 MHz, CDCls) 6 137.7 &
137.7 (overlap, two isomers), 132.3 & 132.3 (overlap, two isomers), 128.4 & 128.4 (overlap, two
isomers), 122.7 & 122.7 (two isomers), 119.2 & 119.1 (two isomers), 65.1 & 64.7 (two isomers),
51.8 & 51.7 (two isomers), 33.6 & 33.4 (two isomers), 32.1 & 31.8 (two isomers), 26.5 & 26.0

(two isomers). FT-IR: v (cm) 2929, 2095, 1507, 1455, 1245. HRMS [ESI] m/z: [M+Na]"* calcd
for C12H12N7NaBr 356.0230; found 356.0214.

2ac: d.r. = 1:1, 20.8 mg, 41%, yellow oil. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/5). *H
NMR (400 MHz, CDCl3) & 4.28 (q, J = 7.2 Hz, 2H, two isomers),
4.02-3.94 (m, 1H, two isomers), 3.60-3.50 (m, 2H, two isomers),
2.85-2.75 (m, 1H, two isomers), 2.15-1.84 (m, 2H, two isomers), 1.84-1.70 (m, 2H, two isomers),
1.33 (t, J = 7.2 Hz, 3H, two isomers); 13C NMR (100 MHz, CDCl3) & 169.6 & 169.6 (two isomers),
119.1 & 119.0 (two isomers), 62.3 & 62.3 (overlap, two isomers), 61.4 & 61.1 (two isomers), 51.8
& 51.7 (two isomers), 32.0 & 31.8 (two isomers), 28.6 & 28.4 (two isomers), 26.0 & 25.6 (two
isomers), 14.2 & 14.2 (overlap, two isomers). FT-IR: v (cm™) 2920, 2851, 2362, 2335, 2104, 1736,
1647, 1260. HRMS [ESI] m/z: [M+Na]* calcd for CoH13N7NaO, 274.1023; found 274.1037.

CO,Et

N3 N3
CN

2ad: d.r. = 1:1, 22.9 mg, 56%, yellow oil. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/5). 'H

N3WN3 NMR (400 MHz, CDCl3) & 4.41-4.36 (m, 1H, two isomers), 3.64-3.54 (m,
CN 2H, two isomers), 2.88-2.79 (m, 1H, two isomers), 2.18-2.07 (m, 1H, two

isomers), 2.04-1.93 (m, 1H, two isomers), 1.93-1.85 (m, 2H, two isomers); 3C NMR (100 MHz,
CDCl3) 6 118.6 & 118.6 (overlap, two isomers), 115.4 & 115.4 (overlap, two isomers), 51.6 &
51.6 (overlap, two isomers), 50.5 & 50.4 (two isomers), 31.6 & 31.6 (two isomers), 30.1 & 30.0

(two isomers), 25.3 & 25.2 (two isomers). FT-IR: v (cm™) 2974, 2935, 2361, 2102, 1419, 1243.
HRMS [ESI] m/z: [M+Na]* calcd for C;H7NgNa 227.0764; found 227.0772.

4:d.r. = 1:1, 28.0 mg, 44%, yellow oil. Purification by flash
column  chromatography on silica gel (eluent:
N3 EtOAc/Petroleum ether = 1/5). *H NMR (400 MHz, CDCls)
& 7.36-7.29 (m, 2H, two isomers), 7.26-7.17 (m, 3H, two
isomers), 3.61-3.51 (m, 2H, two isomers), 2.93-2.72 (m, 3H, two isomers), 2.18-2.05 (m, 2H, two
isomers), 1.96-1.78 (m, 3H, two isomers), 1.78-1.64 (m, 3H, two isomers); 3C NMR (100 MHz,
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CDCls) 6 139.3 & 139.3 (overlap, two isomers), 128.8 & 128.8 (overlap, two isomers), 128.4 &
128.4 (overlap, two isomers), 126.7 & 126.7 (overlap, two isomers), 119.1 & 119.1 (overlap, two
isomers), 117.3 & 117.3 (overlap, two isomers), 62.6 & 62.6 (two isomers), 51.7 & 51.7 (two
isomers), 40.1 & 40.0 (two isomers), 37.5 & 37.5 (two isomers), 32.1 & 32.1 (two isomers), 30.8
& 30.8 (overlap, two isomers), 29.0 & 29.0 (overlap, two isomers), 22.0 & 21.9 (two isomers).
FT-IR: v (cm™) 2975, 2933, 2361, 2103, 1976, 1497, 1258. HRMS [ESI] m/z: [M+Na]* calcd for
C1sH1sNgNa 345.1547; found 345.1541.

f

1.00+
2.00-
24 2.01=
a7 2,024

™
(=1
[

9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35
£l (ppm)
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9Z0'ET LA,
174871
Lzl
GrSpELY
sepsel/

Value
Bruker BioSpin GubH

€DCl13

13C
MG CM
1a

Parameter
trometer Frequency 100. 62

1 Origin

2 Solvent

3 Temperature

4 Number of Scans
5 Spec

6 Nucleus

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200

0T
950°
£90°C
2Lt
p80°T
8LI'C
061'e
861
00z'e
60T
1zee
8EP'E
1rre
1552
sSPE W
8P

9Pt
9972
1Lre

LLP'T _. [ —

6ire]
9612
9562
8962
8L6T
986°Z
65662
£1Ls
911'g
5LLS
9€L's
sel'sF
Zrl's
Skl's
Lhl's
1s1's ﬂ
psl's

RS
RS
Lal's
PRL'S
BIERS I
LZ8'S i
758's

8660
£00°L
pLOL
510°L
SZ0'L
980°L
1#0°L
69LL
SLLL
Z81L
161°L
661°L
POz'L
092

Value
Bruker BioSpin GmbH

coc13
296.9

1H

NG CN
1b

Parameter

5 Spectrometer Frequency 400. 13

4 Number of Scans
6 Nucleus

1 Origin
2 Solvent
3 Temperature

=007
A00°Z
207

=107

=00°T
=007

4.0 35 30 25 20 15 1.0 0.5 0.0

45

£l (ppm)

60 55 5.0

6.5

9.3 9.0 85 80 15 70

10.0
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Parameter
3 Temperature
4 Number of Scans
5 Spectrometer Frequency
€ Nuelaus
F
O\W
NC CN
1b
I
B 1
1
1
1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 30 40 30 20 10 -10
f1 (ppm)
v
2
0
Parameter Value
1 0rigin Bruker BisSpin GubH
2 Salvent Cncla
3 Temperaturs 297.5
4 Number of Scans 2
5 Spectrometer Frequency 376. 52
6 Nucleus 18F
F.
\©\/Y\/‘-\\
NG CN
1b
0 10 0 -0 20 30 40 50 60 70 B0 90 110 -130 -150 -170 -190 -210

£1 (ppm)
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8L8°0 -
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7.0
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T
7.5
value
Bruker BioSpin GumbH

13
298.2
20

Value
Bruker BioSpin GmbH
13C

H
NC CN
1c

8.0

NC CN

1c

Parameter

Parameter
trometer Fregquency 400.13
T
85

3 Spac
6 Nucleus

-~
5 Spectrometer Frequency 100. 62

4 Number of Scans
€ Nuelaus
0.

Q
1 Origin
2 Solvent
3 Temperature

1 Origin

2 Solvent

3 Temperature

4 Number of Scans
9.5

-10

%0 80 70 60 50 40 30 20 10

100

180 170 160 150 140 130 120 110
£l (ppm)
22

190

210 200




Valug
Bruker BioSpin GmbH

cocl3
298 2

1H

NC CM
1d

Parameter

cl

5 Spactrometer Frequency 400.15

10rigin
2 Solvent

3 Temperature

4 Nuber of Scans
6 Nucleus

=102
e
10T

=o0'g

ooz

=00t

=002
Feastl

0.0

0.5

95 90 &5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
£1 (ppm)

10.0

869'62~
Zlele—
GOL'LE

om:.hmv.
F8S6E""

LEL'9L
omo.hhw
9SE'LL

SZLSIL—
988 Ll —

0S0'6T L
0SL621~
8162E1—
PeEEL

zsroel”

30 20 10

40

Gl
60 50

70

80

23

£l (ppm)

110 100 90

120

130

Value
Bruker BioSpin GmbH

cocia
13c
140

MNC CN
1d

150

Farameter

trometer Frequency 100. 62
160

4 Number of Scans
cl

1 Origin

2 Solvent

3 Temperature
3 Spec

6 Nucleus

170



0L0°C
80
160°T
oLz
zie
8£2°2
12T
0922
6922
182T
1S+Z
L9v'e
0Ly'e
6LY'T
€812
26T —
805°C

90l'€

BIIEy — Ce——— 107
szle

9eLe L
et
szL's 82L9Ly
8rLs SHOLLF
IsL's cocer/
ssts L
09L's
€9L's
20z's N r
90z's e _ 00t
0LL'S H
L8L'S . N
964G T = 001
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6.0
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70
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618
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€1z
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|
‘
GabH
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Spin

Bruker Bio

CDCl3

ooz ESLSPL~
0oL Lyl

trometer Frequency 400. 13

& Nucleus

298.0
20

‘ Value
Brukey BicSpin GubH
S
T
8.0

13C

Parameter

CDC13
287.3
1

NC CN

1e

Parameter
5 Spectrometer Fregquency 100.62
NC CN
1e

4 Number of Scans
6 Nucleus
O,N
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1 Origin
2 Solvent
3 Temperature

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans
5 Spec

80 70 60 50 40 30 20 10

90
24

160 150 140 130 120 110 100
£1 (ppm)
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Bruker BioSpin GmbH

coc13
298.2

MNC CN
1g
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@
«
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Parameter
F

o
o
™
o

trometer Frequency 400.13

4 Number of Scans
6 Nucleus

-
(=]
]
il
1 Origin
7 Solvent
3 Temperature
5 Spec

0.0

05

20 15 1.0

25

35 30

4.0

45
£1 (ppm)

6.0 55 5.0

6.5

7.0

75

9.0 g5 80

9.5
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Bruker BioSpin GmbH

coc13
298.2
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trometer Frequency 100. 62

€ Nueleus

13C

NC CN
1g

Parameter

1 Origin

2 Solvent

3 Temperature

4 Number of Scans
5 Spec

-10

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
£1 (ppm)

210 200
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Value

Bruker Bio!

€nc13

Parameter

GubH

Spin

10rigin

2 Solvent

2982

3 Texperature

4 Number of Scans

5 Spectromster Fraguency 376. 52

19F

6 ¥ucleus

F

NC CN

1g

-130 -150 -170 -180 -210

20 30 40 50 60 70 80 90 -110
£1 (ppm)
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ETL'S
SPL'S
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FParameter value
1 0rigin Bruker BioSpin GmbH
2 Solvent €DC13
3 Temperature 288.1
4 Number of Scans 80
5 Spectrometer Frequency 100. 62
& Nucleus 13C
F
1
= l
NC CN
1h

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

o
b
o
Parameter value

1 0rigin Bruker BioSpin GmbH

2 Solvent €DCla

3 Temperature 288.2

4 Number of Scans 2

5 Spectrometer Freguency 376.32

6 Nucleus 19F

F
B
NC CN
1h
0 10 0 -0 20 30 40 50 60 -70 -0 90 -110 -130 -150 -170 -180 -210

£l (ppm)
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Parameter value J/ J‘ J il
1 0rigin Bruker BioSpin GubH
2 Solvent €DCl3
3 Temperature 238.2
4 Number of Scans 2z
5 Spectrometer Freguency 400.13
& Nucleus 1H
NC CN
=
. 1
i

gt —_— o i
Lo B=3 = = —
== = <= ==
ci o = i IR
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0
f1 (ppm)
0o Moo m mae
[ap s Bl o L= < 00 o— W o =2
Fndages gl -
—— [ T &
e 4 ~ 5

Parameter Value
10rigin Bruker BioSpin GubH
2 Solvent €nc13
3 Temperature 798 2
4 Number of Scans 4
5 Spectrometer Frequency 100.61
6 Nucleus 13C

NC CN

210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 0 -10
£l (ppm)
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€DC13

1H

NG CN
1k

Parameter
trometer Freguency 400. 1

FiCO

10rigin

2 Solvent

3 Temperature

4 Number of Scans
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& Nucleus
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Bruker BioSpin GmbH
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Bruker BioSpin GubH
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298.1
13C
180 170 160
Value
Bruker BioSpin GmbH
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trometer Freguency 100.61
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6 Nucleus
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Parameter
trometer Frequency 400.1
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3 Temperature
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1 Origin
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Parameter value
1 0rigin Bruker BioSpin GubH
2 Solvent [ Wk}
3 Temperature 288.2
4 Number of Scans 20
5 Spectrometer Freguency 100.62
6 Nucleus 13C
NC CN
/O\Q)W
im
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76.721
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Parameter Value
1 0rigin Bruker BioSpin Gmbi
2 Solvent cel3
3 Temperature 298. 1
4 Number of Scans 2 /
5 Spectrometer Frequency400. 15
6 Nucleus 1
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CN
n
I
! I
| i
£ < i L
=N} (=] =3 =3}
o= — o 6
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 1.6 0.5 0.0 -0.5 -1.(
1 (ppm)
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Bruker BioSpin Gmbl

CDC13
298.1
20

1 Origin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00. 62

13C

6 Nucleus

NG CN

1n
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190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
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Bruker BioSpin GmbH

€nc13
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10rigin

2 Solvent

3 Temperaturs

4 Number of Scans

5 Spectromster Frequency 400. 13

1H
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NC CN
1o
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il
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20 15 1.0
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6.0 55 50
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9.0 85 g0

935
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Value
Bruker BioSpin GmbH

cocl3

1H

297.1
20

¥ 100. 62
13C
)

NG CN
190 180
Parameter
NC, CN
=

Parameter
tromater Fregquency 400.13

Spectrometer Freguenc
6 Nucleus
€ Nuelaus

4 Number of Scans

4 Number of Scans

1 Origin

2 Solvent

3 Temperature
5

1 Origin

2 Solvent

3 Temperature
5 Zpac

210 200

4.0 35 30 25 20 15 10 05 0.0

45
36
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9.0 85 80 15 7.0
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10.0
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Value
Bruker BioSpin GmbH

cocl3

Farameter

1 Origin

2 Solvent

298.2

10

3 Temperaturs

4 Number of Scans

5 Spectrometer Frequency 100. 62

6 Nucleus

13C

NC CN

1p
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190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
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ELL'S
LLL'S
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Farameter

GaubH

Spin

Bruker Bio!

€DCl3

1 0rigin

2 Solvent

3 Temperature
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Number of

1

3 Spectrometer Frequency 400.13

& Nucleus

1H

NC CN

19
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=TT
=00g

oo'g
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Floe

Foo't

0.0

30 25 20 15 1.0 0.5

35
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45
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6.0 55 5.0
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9.0 g5 80
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FParameter value
1 0rigin Bruker BioSpin GambH
2 Solvent €DCl3
3 Temperature 288.2
4 Number of Scans 10
5 Spectrometer Fraquency 10062
6 Nucleus 13C
NC,_ CN
S G
19
1
1
T T T T T T T T T T T T T T T T T T T T T T
210 200 1%0 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£l (ppm)
O T MDD [0S0 D00 D00 S DM D00 M SO0 00—
T MmN OO0 F VOO ENOWNN— S NO O L a0 O T
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Farameter Value ) J‘ | ‘| | |
1 0origin Bruker BioSpin GabH ! o
2 Solvent cDcl3
3 Temperature 287.1
4 Number of Scans 2
3 Spectrometer Frequency 400. 13
& Nucleus 1
NC CN
/\OW
ir
1
!
[
i
]
1 * J -
Hr o [ Wow i
o — (=] coo =]
=1 o S o [=R=R=] S
— =] [ odedoed [
T T T T T T T T T T T T T T T T T T T T T T
0.0 93 9.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 20 1.5 1.0 0.5 0.0 -0.
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120

ﬂ - el 001

130
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140

in GubH
150

i0Spin
GubH

Value
T
160
Value
Spin
T

Bruker Bio!
1

DL
97.5

Bruker B
CDCl3
2971

20

13C

3

P
170

NC. CN
r
180

1s

Parameter
NG CN
T

trometer Frequency 100. 62

190

Parameter
trometer Frequency 400. L

1 0rigin
2 Solvent
3 Temperature
4 Number of Scans
5 Spec
6 Nucleus
Sy

& Nucleus

4 Number of Scans

10rigin

2 Solvent

3 Temperature
5 Spec

210 200

4.0 35 30 25 20 L5 1.0 0.5 0.0

4.5

£l (ppm)
39
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Parameter Valug
1 Origin Bruker BioSpin GmbH
2 Solvent €ocl3
3 Temperature 2982
4 ¥uzber of Scans 20
5 Spactrometer Frequency 100.62
6 Nucleus 13C ,
1
1s
it
] |
‘ ‘
TP o e
sl el Ll L _—'| v
T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 a0 80 70 60 40 30 20
f1 (ppm)
O NO =WV O OOV — 00 O o 0 o =1 XN AT S AD
T OANANORANLY — Wl Al — — \O W oo N — XX-O T T A
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| = T ~\= ~J— | ==
Parameter Value
1 0rigin Bruker BioSpin Gubl
2 Solvent coel3
3 Temperature 296.7
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus 1
o S
MNC CMN
1t
|
|
!
|
‘H“
1L A
I I% £ & & s &
S <SS < < < S <
o — e — o o < o
T T T T T T T T T T T T T T T T T T T
00 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 05
f1 (ppm)
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Valug
Bruker BioSpin GmbH
T
160

ncl3
297.1
20
13C
o =
NC CN
T
190
Value

Bruker BioSpin GmbH
H

170

Farameter
1t
T
180
NC CN
lu

trometer Frequency 100. 62
Parameter

cl
T

5 Spectrometer Frequency 400.13

4 Number of Scans
& ¥ucleus

1 Origin
2 Solvent

3 Temperature

4 Number of Scans
5 Spec

6 ¥ucleus

1 Origin

2 Solvent

3 Temperature

210 200

4.0 35 30 25 2.0 15 1.0 0.5 0.0

4.5
41

£l (ppm)

6.0 5.5 50

6.5

7.0

7.5

9.0 85 8.0

9.5
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T
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Spin GmbH
T T
160 150
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- =00T
B =00

Value

3

Bruker Biof
CoC13
288.4
0
13C
T
Bruker Bi

i3

Parameter
NC, CM
lu
T
180
298.1
H
NC CN
v

trometer Freguency 100. 62
Parameter

5 Spec
& ¥ucleus
Cl
T
200
trometer Freguency 400. 1

6 Nucleus

1 Origin

2 Solvent

3 Temperature

4 Number of Scans

1 Origin

2 Solvent

3 Temperature

4 Number of Scans
3 Spec

T
210

0.0

0.5

4.0 35 30 25 20 15 1.0

45

42

£1 (ppm)
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6.5

9.5 90 85 8.0 7.5 70
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288.1
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13C

NC, CN
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180 170
Parameter
Bruker
cocl3
295. 9
1H
CN
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Parameter
190

10rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spactrometer Frequency 400. 1

6 Nucleus

5 Spectrometer Freguency 100.62

4 Recedver Gain
6 Nucleus

3 Temperature
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2 Solvent

210 200
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0
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|
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Bruker Bi:

€DCls

Value
Bruker BioSpin GmbH

[2 a1k
298.2
0
13C
=
1aa
190 180 170
298.1
H
CN
=
1ab

Parameter
trometer Frequency 100. 62
CN

€ Nueleus
T
Parameter

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans
5 Spec

5 Spectrometer Freguency 400.13

4 Number of Scans
6 Nuelaus
Br

3 Temperature

210 200
10rigin
2 Splvent

4.0 35 30 25 20 L5 1.0 0.5 00 01

45
48

£l (ppm)

6.0 55 5.0

6.5

9.0 85 8.0 15 7.0

935
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Value
Bruker BioSpin GmbH
DCls
93,
182
13C
=
T T
170 160
Value
Bruker BioSpin
5
1H

Parameter
CN
1ab
T
180
CN
1ac

trometer Freguency 100.61
T
190

6 Nuelaus
Parameter

Br
trometer Frequency 400. L

Et0,C

10rigin
2 Solvent
3 Temperature
4 Number of Scans
3 Spec
1 Origin
2 Solvent
3 Temperature
4 Number of Scans
5 Spec
6 Nucleus

210 200

0.0

05

4.0 35 3.0 25 20 15 1.0

45
49

£l (ppm)

6.0 55 5.0

6.5

15 7.0

80

85

9.0
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Farameter value
1 0rigin Bruker BioSpin GubH
2 Solvent cocl3
3 Temperature 298.2
4 Number of Scans 10
5 Spectrometer Freguency 100. 62
6 Nucleus 13C
CN
E,Ozcw
lac
I
! |
1
I I I “
1
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 30 40 30 20 10 0 -10
£l (ppm)
o M TN O = T s — 000 T o o 0o T S TS
oW SN N — D Oy 08 D0 W oF O o N e s E= R
L e e e e e il [ o Rt e — oo
e AR AR AR AR AR R e A R T W] e el ciedcied oded oded
[ (N ) s
( [
| |
Ir' ‘ [ |
|
| [ | |
Parameter Valug | | |
|
1 Origin Bruker BioSpin GubH /.' I ‘l ‘l |
2 Solvent cocls ' ‘
3 Temperature 2982
4 Number of Scans 2
5 Spectrometer Frequency 400.13
6 Nucleus H
CN
W
NC
1ad
i
I
|
I
L J { J J (N VN : A
T T T TT
o — =) — @
=1 = =} o o
— cd — o e
T T T T T T T T T T T T T
9.5 9.0 85 2.0 7.5 T.0 6.3 6.0 2.3 5.0 4.5 4.0 3.5 3.0 2.5 2.0 135 Lo 0.5 0.0 -0.5
£1 (ppm)
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Paramater Value
1 0rigin Bruker BioSpin GubH
2 Solvent €DC13
3 Temperature 298 2
4 Number of Scans 5
5 Spectrometer Frequency 100.61
6 Nucleus 13C
CN
-
NCJ\/\’/
1ad
|
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
210 200 190 180 170 160 150 140 130 120 110 100 90 80 ™ 60 20 40 30 20 10 0 -10
£1 (ppm)
Vi 00 T O D w oo N WD D D000 — O T Gy - W
Ve — D S O e 000> D WED D (MO W TN O
£ 0 0n 0 01 01 6 A 00 KM — — O Oy O Gh Oy Dy Oy O
Lo ol ol ol ol ol o cedeied oo eee = ===
e S A e e e
f
!
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| |
i ¢ |
| f |
[ ‘ |
| |
] | |
Parameter Value I | |
I ~ oy
10rigin Bruker BioSpin GmbH
2 Solvent CDCl3
3 Temperature 287.0
4 Number of Scans z
5 Spectrometer Freguency 400.13
6 Nucleus 1H
NC Ny
N
CN
2a
]
f 1
|
| j'\
b Es —— i
=g o =} o o
==} =1 =} I=3=1
od ed (=] o [
T T T T T T T T T T T T T T T T T T T T T
100 95 9.0 85 g0 75 7.0 65 6.0 55 4.0 35 30 25 20 15 10 05 0.0
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Value
Bruker BioSpin GmbH

cocl3

FParameter

1 Origin

2 Solvent

297.4
20

3 Temperature

4 Number of Scans

5 Spectrometer Frequency 100. 62

13C

& Nucleus

NG N3

N

CN

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

180

0z6'l
Pral
66"l
Fo6'l
896'L
G861
oore
0Lz
e
SZL'T
rl'e
BZB'T
LER'T
08T

LBS'E
SHE'E
£09°E
aLr9e

Ze6'9
FlLOL
SEO'L
151°L
S9L'L
ZLLL
98L'L
092'L

|
+b}{
]

Value |
Bruker BioSpin G

Farameter

10rigin

€Dcl3

2 Solvent

296.5

3 Temperature

4 Number of Scans

trometer Frequency 400. 15

5 Spec

1H

& Nucleus

NG, N;

Na

CHN

2b

Fooe

+00'g

0T
E1oz

£1 (ppm)
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162,939

~~160.504
134.665
134,658
134.634
134.626
129.818
129.739
118,641
118.613
116.796
116,686
115,779
115.567
77.384
77.067
76.749
62.307
62,142
51.657
51.628
40.372
40.325
35.492
35,379
31.791
31.718
29.960
29.875
24.856
24.636

%
|
¢
|

Parameter Value
1 0rigin Bruker BioSpin GubH
2 Solvent €nc13
3 Temperature 798, 1
4 Number of Scans B0
5 Spectrometer Frequency 100.62
6 Nucleus 13C
NG Ny
Ny
CN
F
2b

T
210

T T T T T T T T T T

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 ™ 60 20 40 30 20 10 0 -10

£1 (ppm)
-
=]
==
s
L
Farameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDCl3
3 Temperature 287.8
4 Number of Scans 2
5 Spectrameter Frequency 376,52
6 Nucleus 18F
NG, N X
Ny
F CHN
2b
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
0 10 0 -0 -20 -30 -40 -3 -60 -70 -80 -90 -100 -110 -120 ~-130 -140 ~-150 -160 -170 -180 -190 ~-200 -210 -Z

£1 (ppm)
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Value
Bruker BioSpin GmbH

€nc13

5

1H

NC Ng

Parameter
trometer Frequency 400. 1

10rigin

2 Solvent

3 Temperature

4 Number of Scans
5 Spec

& Nucleus

N

2e

o,N

o

M

A

Fzoe
Fove

w101

Fooz

FZ0e

=00'Z

=002

1 (ppm).

10.0

SEO'PE
ELR'FE
$95°0€
9¥9°0€
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GFY96E
LL9'LS
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LBO'ZY
?m.mmv.

mvn.@h
buo.hhv
SRE'LL

8ZP9LL

065811
Lilwel
mmm.mmﬁ.\‘

Z8EOPL~,
966971+

-10
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40

90 80
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£1 (ppm)
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120

130

140

Valug
Bruker BioSpin GmbH
Ny
160

nCl3

2882

30
170

trometer Frequency 100. 62
13C

NC Nj
2e
180

Parameter
180

4 Number of Scans
200

10rigin

2 Solvent

3 Temperature

5 Spec

& Nucleus
N

210




7.153
7133
7.090
3.594
3.587
3,578
3.573
2.845
2,158
2138
2,125
115
1.977
1.954
1.941
1.905

=]
=

P N
|
|

7.260

f

Paramater Value L ‘l | | |
10rigin Bruker BioSpin GmbH | | ‘ | |
2 Selvent cocl3 | ‘ |
3 Temperature 298.2 I\ ] | | II |
4 Number of Scans z :
5 Spectrometer Frequency 400. 13
& Nucleus 1H
NG Ns
M
CN
2f
|
[
|
|
1 1l
i
i T T Vo
b= = = 585
-t i [ e od <
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 &5 80 753 7.0 65 60 55 50 45 40 3.5 3.0 2.5 2.0 1.5 1.0 05 00 -0.5
£1 (ppm)
AT BRnaT R MK T O YL ne D 00—
o oW1 — 0o o 0 20 o =i} 00 W — [» O N G0 — 1 v
O wio o of od S R T T B St Bt Bt B B el T B B
R s R EEE del SSSw S 2SS
JAA TP S Jham . S - 0- o T T enenmon e ool el
SN N N TR ——
Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent coc13
3 Temperature 298.1
4 Number of Seans 30
5 Spectrometer Freguency 100. 62
& Nucleus 13C
NC N3
M3
CN
2f

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 g0 o 60 50 40 30 20 10 0 -10
£1 (ppm)
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ioSpin

Bruker Bi
€DCl3

5
1H

Ny

CN

Parameter
NC Na
29

trometer Freguency 400. 1!

igin
6 Nucleus

10r

2 Solvent

3 Temperature

4 Number of Scans
5 Spec

1 (ppm)

10.0

SEF'FT
09F'FT
1IS'%T
9ES L
£19'%L
PL8'¥L
£ELLE
SOR'LE
011°sE
£LT'SE
09E8E
GOERE
R0F'RE
0TF'8E
£99°18
969°LS

LOL'EY
me.mmv.

GRL'OL
buo.hhv
PRE'LL

80S°SIL
ZeLsll
9zL91L
PI89LL
Ze98lL
Lr98LL
FLF'FTL
0187zl
IS8'STL
L00°9Z1
95L'8TL
LER'STL
895°0€1
919'0¢l

£E8'AS 1~
1Lzzat—
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30 20 10

40

90 80

120 110 100
£1 (ppm)
58

130

140

Value
Bruker BioSpin GmbH
160

coc13
40
13C
CN
170

trometer Frequency 100. 62

6 Nucleus

Parameter
1 0rigin
2 Solvent
3 Temperature
4 Number of Scans
5 Spec
NC Ns
29
200 180 180

210




9LS'8LL-—

-180 180 -200 210 -Z

70

-850 -100 -110 -120 130 -140 180 180 17
1 (ppm)

-80

Value
Bruker BioSpin GmbH

€DCl3

295.2
19F
N3
CN
-30 40

Parameter
NC, Ny
29
-20

trometer Frequency 376.32
-10

& Nucleus

4 Number of Scans

10rigin

2 Selvent

3 Temperature
3 Spec

LU L

12614
SE6'1
961 {
956'1{
99611
L6
§86'11
Sz

6117
Lzl
6617
Sh1'T
Zs1'T
LS1T
1912~

8912
1S8°C
0982
£LRT
0882

88CE
SHE'E
F0o'e
119€

906'9
016'04
526'94
0E6'9
St6'9
0S6'0
L96'9
£L6'0~]
1869

000°L

092'L7)
592
08z'L}
S8T'L

00£"L4
S0E°LA

Valug

0ze'L’

Parameter

{}Imb}{

Bruker Biopin

10rigin
2 Solvent

A

/

293.1

5

1H

NC, N

trometer Frequency 400.1

3 Temperature
4 Number of Scans
5 Spec

6 Nucleus

CN

2h

Fooe

Fo0g

Fooe

=101

=-0.%

0.0

4.3
£1 (ppm)

59



_~164.242
~161.793

141.485
141,413

|
|

Parameter Value

1 Origin Bruker BioSpin GmbH
2 Solvent coc13
3 Temperature 298.1
4 Number of Scans 80
5 Spectrometer Frequency 100. 62
& Nueleus 13C

NG Ng

[3
N3
CN
2h

130.438
130.353
124.024
123.996
118.608
118.579
116.740
116,633
115.377
115.166
113,913
113,705

77,376
77.058

76741

62.296
62,136
51.680
51.648
39,982
39,930
35.534
35418
31.797
31.724
30.477
30,399
24.868
24.652

T
210

T T T T T T
200 180 180 170 160 150

T
140

T
130

T
120

T
110

T
100

T
-10

90 80 T0 60 30 40 30 20 10
£1 (ppm)
-
=1
o B
o
&
Parameter Value

1 Origin Bruker BioSpin GmbH

2 Solvent coc13

3 Temperature 238.2

4 Number of Scans 2

5 Spectrometer Frequency 376.52

€ Nuelaus 19F

NG N3
F.
Na
CN
2h
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
0 10 0 -0 -20 -30 -40 -3 -60 -70 -80 -90 -100 -110 -120 ~-130 -140 ~-150 -160 -170 -180 -190 ~-200 -210 -Z

1 (

ppm)
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9SL'1q
9L
[AENE
08"
SE6'[
96"
660°T
1T
191°E
Lz
681T
ELTTA
SZT'T
srg!
SkLe

0Z8'T

EERT

LISE
mmm.mv
2233

092'L
lar'L
E6F'L
1se
XAE
9z8'L
0ESL
6S'L
£5S°L
£95°L
698°L
ELS'L

GmbH

Value
Bruker BioSpin
ocl3
298.1
1H
N3
CN

2l

Farameter
NG Ns

5 Spectrometer Frequency 400.13

10rigin
2 Solvent

3 Temperature

4 ¥umber of Scans
6 Nucleus

0.0

f1 (ppm).

1L6PT
6pLSe
9FsLE
90L'1E
POR'BE
SO0'8E

SL9°LS
£69°LS

LOL'9L
mmo.hhw.
£0F°LL

826911
Em.@:k
0997811
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OFS STl
SEUGTL~
gee0eL
09e0eL
mmw.qmﬁ“

SIRPEL

Valug
Bruker BioSpin GmbH

€DCl3

20

trometer Frequency 100. 62
13C

Farameter
NC, N

1 0rigin
2 Solvent

3 Temperature

4 Number of Scans
5 Spec

6 Nucleus

-10

30 20 10

40

90 80

120 110 100
£1 (ppm)
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140

200 180 180 170 160

210
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09z L
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SRP'L

GabH

oSpin

Vdlue

Bruker
cocl3

1H

Farameter
5 Spectrometer Freguency 400.13

4 Number of Scans
6 Nucleus

1 Origin
2 Solvent
3 Temperature

NC, Nz

Foo
ool

[roe

oot

=002

=002

£1 (ppm)

10.0

200°sZ
wwﬁ.mmw
£PslE
FLLLE
EEL'RE
mﬁm.mmw

LI9'LS
60418
10555

ST6H'S9
29099

LOL'9L:
mmo.hﬁwn
CO0F'LL

P06 PLL
nze'rll
S9LLLL
681 LI
LOL'BLL
LEL'BIL
£1e'9z1
16¥9zL
£E0°LTL
£50°LT1

888'091
vom.ogv.

-10

30 20 10

40

60

™

90 80

100
£1 (ppm)

130 120 110
62

140

GubH

Value
Spin

Bruker Biof

€DC13
298.2

2

trometer Frequency 100. 61

& Nucleus

13C

180

Parameter
150

200

4 Number of Scans

10rigin

2 Solvent

3 Temperature
5 Spec

210
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-57.820
-57.827

<

Paramater Value
10rigin Bruker BicSpin GmbH
2 Solvent cocls
3 Temperature 288.2
4 Number of Scans 2
5 Spectrometer Frequency 376.52
6 Nucleus 158

NC Nj
N3
CN
FsCO’
2k

T T T T T T T T T T T T T T T T T T T T T
0 10 0 -0 -20 -30 -40 -3 -60 -70 -80 -90 -100 -110 -120 ~-130 -140 ~-150 -160 -170 -180 -190 ~-200 -210 -Z

£1 (ppm)
— W O NN D~ 0000 o o3 NOOND Oh o O R o o 0
e e L B~ el B = [ =1 L=l s = g = ]
AT sIvassSSe L R e o R
=~ o o oon L0 00 O
e N e e
{
- . ‘ / r
Parameter f.’alue " | / |
f
10rigin Bruker [BioSpin GubH [
2 Solvent ux]al‘ | ‘ I( / |
3 Teaperature 981 | | | [/ |
4 Number of Scans z J / ! L !
3 Spectrometer Frequency 400. 13
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Farameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent cocl3
3 Temperature 298.1
4 Number of Scans 411
5 Spectrometer Fregquency 100. 61
6 Nucleus 13C
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3 Temperature 2881
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Parameter Valug
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Parameter
trometer Frequency 400.13
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trometer Freguency 100.62

6 Nucleus
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5 Spec
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Parameter Value
1 Origin Bruker BioSpin GumbH
2 Solvent cnc13
3 Number of Scans 19
4 Spectrometer Frequency 100. 61
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2 Solvent €13
3 Temperature 238.1
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Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent coc13
3 Temperature 298.2
4 Number of Scans 30
5 Spectrometer Freguency 100. 62
6 Nucleus 13C
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