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1. General information

"H NMR spectra were recorded on 400 MHz spectrophotometers. Chemical shifts are reported in
delta (6 (ppm) =) units in parts per million (ppm) relative to the singlet (O ppm) for tetramethylsilane
(TMS). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, dd =
doublet of doublets, m = multiplet), coupling constants (Hz) and integration. °C NMR were recorded on
Varian Mercury 400 (100 MHz) with complete proton decoupling spectrophotometers (CDCl;: 77.0 ppm,
DMSO-d¢: 39.5 ppm, (CD;)CO: 2.05 ). HRMS was recorded on Bruker ultrafleXtreme MALDI-
TOF/TOF mass spectrometer. UV-vis absorption spectrum was taken wusing a U-3310
spectrophotometer. Unless otherwise noted, materials were purchased from commercial suppliers and
used without further purification. All the solvents were treated according to general methods. Flash
column chromatography was performed using 200-300 mesh silica gel.

2. General synthetic procedure and spectral data of substrates 1

2.1 General procedure of preparation for acyloyl ester 1a-1j

Step 1: To a stirring solution of salicylaldehyde (10 mmol, 1.0 equiv) in 15 mL of a mixture solvent of
MeOH/Et,O (1:1), benzoyl hydrazine (11 mmol, 1.1 equiv) was added. Then this mixture solution was
stirred at room temperature for overnight. And then the formed white solid was filtered, washed with a
mixture solution (PE/EA = 10:1), dried to afford phenol as a white solid in a quantitative yield.

Step 2: To a stirring solution of phenol (10 mmol, 1.0 equiv) in anhydrous dichloromethane (70 mL), was
added triethylamine (15 mmol, 1.5 eauiv) in an ice-water bath under Ar atmosphere. And then acryloyl
chloride (15 mmol, 1.5 equiv) was added dropwise at the same tempeture. Before the reaction completion,
the reaction was monitored by TLC. Solvent was removed by vacuum. The resulting residue was
extracted with ethyl acetate (70 mLX3 times) and water (70 mL), washed with brine (100 mL). The
organic phase was dried with anhydrous Na,SO4 and concentrated. The crude product was purified by
column chromatography (PE/ EA (3:1) to EA), followed by recrystallization to give the desired products
as a white solid.

2.2 General procedure of preparation for acyloyl amide 1k

This substrate was synthetized in accordance with the known literatures.'
y-NHCOPh

@iioi’@q; ©\)J\/ ©\)J\/ @5)1\/

Scheme 1. Reagents and condition: (a) LiAlH4, THF, 91% yield; (b) acyloyl chloride, CH2C12, NaHCO:;,
83% yield; (c) IBX, DMSO, 90% yield; (d) benzoyl hydrazine , MeOH/ Et,O (1: 1), overnight, 89% yield.
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NHcoPh White solid, 1.94 g, 66% yield, M.P: 152.8-154.0.

'H NMR (400 MHz, CDCls) & (ppm) = 9.66 (s, 1H), 8.34 (s, 1H), 8.09 — 8.08 (m, 1H),
©\) M 7.88-7.81 (m, 2H), 7.50 (t, J = 7.3 Hz, 1H), 7.42 — 7.35 (m, 3H), 7.25 — 7.21 (m, 1H),
7.09 (d, J = 8.1 Hz, 1H), 6.59 (d, J = 17.2 Hz, 1H), 6.34 — 6.27 (m, 1H), 5.99 (d, J = 10.4 Hz, 1H). °C
NMR (100 MHz, DMSO-dg) & (ppm) = 164.2, 163.2, 149.0, 141.8, 134.4, 133.3, 131.9, 131.2, 128.5,
127.7, 127.2, 126.8, 126.6, 126.2, 123.2. HRMS (ESI): m/z [M — H] calcd for Ci7H4sN,Os: 293.0932;
found: 293.0934.

1b N NHCOPh White solid, 1.82 g, 55% yield, M.P: 181.4-183.5.
Me\d o 'H NMR (600 MHz, CDCl3) & (ppm) = 9.62 (s, 1H), 8.29 (s, 1H), 7.95 (s, 1H), 7.85
o (s, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 7.19 (d, J = 8.3 Hz, 1H),

6.99 (d, J = 8.3 Hz, 1H), 6.61 (d, J = 17.3 Hz, 1H), 6.30 (d, J = 15.5 Hz, 1H), 6.01 (d, J = 10.5 Hz, 1H),
2.33 (s, 3H). *C NMR (100 MHz, DMSO-dg) & (ppm) = 164.7, 163.6, 147.4, 142.2, 136.3, 134.6, 133.7,
132.3, 132.2, 128.9, 128.1, 127.7, 126.7, 126.5, 123.3, 20.9. HRMS (ESI): m/z [M + H]" caled for
CisH1sN,O3:  331.1053; found: 331.1046.
1c N NHCOPh White solid, 1.62 g, 52% yield, M.P: 158.7-161.2.
F@% o 'H NMR (600 MHz, DMSO-dg) & (ppm) = 12.02 (s, 1H), 8.46 (s, 1H), 7.89 (d, J=7.0
o~ Hz, 2H), 7.68 (d, J = 8.8 Hz, 1H), 7.60 (t, J = 7.0 Hz, 1H), 7.52 (t, J = 6.6 Hz, 2H),
7.36 (s, 2H), 6.62 (d, J = 17.0 Hz, 1H), 6.49 (dd, J = 16.7, 10.6 Hz, 1H), 6.25 (d, J = 9.8 Hz, 1H). "*C
NMR (100 MHz, DMSO-d¢) & (ppm) = 163.7, 162.8, 160.5, 158.1, 144.6, 140.1, 134.1, 132.6, 131.5,
128.2, 128.2, 128.0, 127.2, 126.5, 124.9, 124.9, 117.6, 117.3, 111.2, 111.0. HRMS (ESI): m/z [M + H]"
calcd for C17H3N,O3F: 313.0983; found: 313.1002.
1d n-NHCOPh  White solid, 2.39 g, 73% yield, M.P: 174.4-176.1.
C'd 0 "H NMR (600 MHz, DMSO-ds) & (ppm) = 12.05 (s, 1H), 8.46 (s, 1H), 7.97 (s, 1H),
0 791 (d, J = 6.8 Hz, 2H), 7.64 — 7.54 (m, 5H), 7.36 (d, J = 8.4 Hz, 1H), 6.64 (d, J =
17.2 Hz, 1H), 6.50 (dd, J = 17.0, 10.5 Hz, 1H), 6.27 (d, J = 10.2 Hz, 1H). *C NMR (100 MHz, DMSO-
de) & (ppm) = 163.4, 162.8, 147.0, 139.7, 134.2, 132.6, 131.5, 130.4, 130.1, 128.1, 128.0, 127.2, 126.4,
124.9, 124.7. HRMS (ESI): m/z [M + K] caled for C7H;90,Cl: 329.0705; found: 329.0702.
\-NHCOPh White solid, 1.68 g, 45% yield, M.P: 178.1-180.7.
\©\) "H NMR (600 MHz, CDCls) & (ppm) = 10.33 (s, 1H), 8.43 (s, 1H), 8.16 (s, 1H), 7.86
A~ (d,3=17.5Hz, 2H), 7.49 — 7.48 (m, 4H), 6.98 (d, J = 8.7 Hz, 1H), 6.56 (d, J = 17.3
Hz, 1H), 6.29 — 6.15 (m, 1H), 5.94 (d, J = 10.5 Hz, 1H). *C NMR (100 MHz, DMSO-d¢) & (ppm) =
164.3, 163.7, 148.4, 140.5, 135.2, 133.9, 133.5, 132.4, 129.4, 129.0, 128.6, 128.1, 127.4, 126.1, 119.5.
HRMS (ESI): m/z [M + H]" caled for C;7H;3N,05Br: 373.0182; found: 373.0208.

i NHCOPh White solid, 1.98 g, 61% yield, M.P: 169.9-171.8.

|
jo g
MeO O)v
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"H NMR (600 MHz, DMSO-ds) & (ppm) = 11.79 (s, 1H), 8.41 (s, 1H), 7.92 (d, J = 8.6 Hz, 1H), 7.88 (d, J
=7.1 Hz, 2H), 7.59 (t, J = 6.6 Hz, 1H), 7.52 (t, J = 7.0 Hz, 2H), 7.00 (d, J = 8.4 Hz, 1H), 6.88 (s, 1H),
6.61 (d, J=17.2 Hz, 1H), 6.49 (dd, J = 17.4, 10.2 Hz, 1H), 6.24 (d, J = 10.4 Hz, 1H), 3.82 (s, 3H).
NMR (100 MHz, DMSO-d¢) 6 (ppm) = 163.5, 162.5, 161.0, 149.8, 141.4, 133.8, 133.0, 131.2, 128.0,
127.1, 126.8, 118.8, 112.8, 107.8, 55.3. HRMS (ESI): m/z [M + H]" caled for CgHsN2O4: 325.1183;
found: 325.1196.
\-NHCOPh White solid, 1.94 g, 53% yield, M.P: 183.4-185.4.
'H NMR (600 MHz, DMSO-dq) & (ppm) = 11.59 (s, 1H), 8.30 (s, 1H), 7.86 (d, J =
/©\) A~ 7.3 Hz, 2H), 7.77 (d, J = 9.1 Hz, 1H), 7.56 (t, J = 6.8 Hz, 1H), 7.50 (t, J = 7.2 Hz,
2H), 6.69 (d, J = 8.6 Hz, 1H), 6.58 (d, J = 16.9 Hz, 1H), 6.47 (dd, J = 16.8, 10.4
Hz, 1H), 6.40 (s, 1H), 6.19 (d, J = 10.4 Hz, 1H), 3.38 (d, J = 6.7 Hz, 4H), 1.10 (t, J = 6.4 Hz, 6H). °C
NMR (100 MHz, DMSO-d¢) 6 (ppm) = 163.7, 162.2, 150.4, 149.2, 142.2, 133.2, 131.0, 127.9, 127.1,
127.0, 126.7, 112.2, 109.2, 103.7, 59.3, 43.4, 20.3, 13.6, 11.9. HRMS (ESI): m/z [M + Na]" calcd for
C21H23N3035: 388.1632; found: 388.1625.
th | -NHCOPh White solid, 1.85 g, 60% yield, M.P: 166.0-167.3.
I o 'H NMR (400 MHz, CDCl5) & (ppm) = 10.63 (s, 1H), 8.37 (s, 1H), 7.83 (d, J = 7.5 Hz,
Q\)J\/ 3H), 7.43 — 7.29 (m, 3H), 7.12 — 6.99 (m, 2H), 6.50 (d, J = 17.1 Hz, 1H), 6.21 (dd, J =
17.2, 10.4 Hz, 1H), 5.87 (d, J = 10.5 Hz, 1H), 2.05 (s, 3H). C NMR (100 MHz,
DMSO-d¢) 6 (ppm) = 163.4, 162.8, 147.4, 141.8, 134.3, 133.1, 132.2, 131.5, 130.6, 128.2, 127.4, 126.6,
126.1, 123.7, 15.6. HRMS (ESI): m/z [M + Na]+ calcd for CigH¢N»O5: 331.1053, found: 331.1050.
1 -NHCOPh White solid, 1.66 g, 54% yield, M.P: 136.3-137.8.
©\)\ 1H NMR (600 MHz, DMSO-dg) & (ppm) = 10.71 (s, 1H), 7.86 (s, 2H), 7.57 (s, 2H), 7.49
AF (q,3=8.4Hz 3H), 7.36 (d, J = 8.3 Hz, 1H), 7.24 (d, I = 8.1 Hz, 1H), 6.52 (d, ] = 17.2
Hz, 1H), 6.40 (s, 1H), 6.14 (d, J = 10.4 Hz, 1H), 2.27 (s, 3H). *C NMR (100 MHz, DMSO-ds) & (ppm) =
164.0, 147.7, 134.2, 134.0, 133.8, 132.8, 131.6, 130.9, 130.0, 129.5, 128.9, 128.3, 128.0, 127.5, 127.1,
126.0, 123.3, 24.4, 17.6. HRMS (ESI): m/z [M + H]+ calcd for CigH;¢N,O5: 309.1234; found: 309.1253.
- NHCOPh White solid, 1.45 g, 46% yield, M.P: 185.6-188.0.
©\) 'H NMR (400 MHz, CDCl3) & (ppm) = 12.07 (s, 1H), 10.18 (s, 1H), 8.74 (d, J = 8.3 Hz,
N~ 1H), 8.24 (s, 1H), 7.88 (d, J = 7.4 Hz, 2H), 7.51 (t, J = 7.3 Hz, 1H), 7.42 (t, J = 7.5 Hz,
2H), 7.28 (t, J = 7.8 Hz, 1H), 7.14 (d, J= 7.4 Hz, 1H), 7.01 (t, J = 7.4 Hz, 1H), 6.72 (dd,
J=16.8, 10.2 Hz, 1H), 6.47 (d, J = 16.8 Hz, 1H), 5.79 (d, J = 10.1 Hz, 1H). >C NMR (100 MHz,
DMSO-d¢) 6 (ppm) = 163.2, 162.8, 148.4, 137.5, 132.1, 131.9, 131.7, 131.6, 130.1, 128.1, 127.4, 127.3,
122.9, 120.1, 119.3. HRMS (ESI): m/z [M + H]" calcd for C;7H;5sN30,: 316.1056; found: 316.1056.
\-NHCOPh White solid, M.P: 176.7-178.0.

@@
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"H NMR (400 MHz, CDCl3) & (ppm) = 11.42 (s, 1H), 8.50 (s, 1H), 8.32 (s, 1H), 7.93 (d, J = 7.9 Hz, 2H),
7.50 =7.36 (m, SH), 7.13 = 7.11 (m, 1H), 6.18 (d, J = 16.7 Hz, 1H), 5.89 (dd, J = 16.7, 10.3 Hz, 1H), 5.43
(d, 3 =10.0 Hz, 1H), 3.24 (s, 3H). °C NMR (150 MHz, CDCl3) & (ppm) = 166.0, 164.4, 143.1, 141.5,
132.8, 131.7, 131.2, 128.9, 128.6, 128.2, 127.9, 127.6, 127.4, 127.3, 37.5. HRMS (ESI): m/z [M + H]"
calcd for C1gH7N30,: 308.1394; found: 308.1406.

3. Condition optimization®

N/NHCOPh photocatalyst HN,NHCOPh
d o + MesSi~__NPh; % ©\)I\\/Nph2
OJ\/ 3 W white LEDs o X
1a 2a 3aa

entry photocatalyst 1a/2a solvent yieldb (%)
1 Ir(ppy)a(dtbbpy)PFs 1/1.2 DMF 63
2 Ru(bpy);Cl,-6H,0 1/1.2 DMF 58
3 fac-Ir(ppy)s 1/1.2 DMF 0
4 Ir[dF(CF3)ppy].(dtbbpy)PFg 1/1.2 DMF 55
5 RB /1.2 DMF 0
6 Ir(ppy)2(dtbbpy)PFs 1/1.5 DMF 7
7 Ir(ppy)2(dtbbpy)PFg 1/1.5 DMSO 76
8 Ir(ppy)2(dtbbpy)PFs 1/1.5 MeCN 40
9 Ir(ppy).(dtbbpy)PF 1/1.5 DMA 68
10 Ir(ppy)2(dtbbpy)PFs 1/1.5 THF 44
11 Ir(ppy),(dtbbpy)PF 1/1.5 CH,Cl, 13
12° Ir(ppy)2(dtbbpy)PFs 1/1.5 DMSO 67
13¢ - 1/1.5 DMSO 0
14° Ir(ppy).(dtbbpy)PF 1/1.5 DMSO 0

@ Reaction conditions: 1a (0.20 mmol), 2a (0.24 or 0.30 mmol), photocatalyst (1 mol %), 2.0 mL of solvent, 20 h, 3 W white LEDs and rt. b
Isolated yield. © 10 equiv of H,O was added. 4 Without photocatalyst. ® Without visible light irradiation.

4. Photocatalytic radical cascade reaction

4.1 General procedure and spectral data of the synthesis of 3aa-3kg

N,NHCOPh NHCOPhHh
| Ir(ppy)2(dtbbpy)PFe HN R2 RS
oyR o (ma% LN
R n \\\\ ~
T « TMS\/N\R4 DMSO, rt, 20h 41 X S Noge
3 W white LEDs N~
P X0
A
X =0, NMe

To a dried schlenk tube was treated with 1 (0.20 mmol, 1.0 equiv), 2 (0.30 mmol, 1.5 equiv),
photocatalyst (0.002 mmol, 1 mol% ) and DMSO (2.0 mL). And then this mixture solution was degassed
for 3 times via ‘freeze-pump-thaw’ procedure. After that, this resulting solution was stirred at a distance
of ~5 cm under irradiation by 3 W white LEDs at room temperature for 20 h. The mixture was diluted
with ethyl acetate (4 mL), and added saturated NaHCO3 aquous (8 mL), followed by extration with ethyl

acetate (10 mLX3 times). The combined organic phase was washed with brine (10 mL), dried with
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anhydrous Na,SO,; and the solvent was evaporated. The crude product was purified by column

chromatography using petroleum ether/ethyl acetate as eluent (5:1 to 3:1), affording the desired product.

22 wHopn  VVhitesolid, 72mg, 76% yield, M.P: 185.3-187.1.
~_NPh, 'HNMR (600 MHz, CDCl3) & (ppm) = 7.93 (s, 1H), 7.73 (d, J = 7.7 Hz, 2H), 7.54 (¢,
[IOLO J=17.7 Hz, 1H), 7.43 (t, J = 7.7 Hz, 2H), 7.37 (t, = 9.2 Hz, 2H), 7.16 (d, J = 15.2
Hz, 5H), 7.08 (d, J = 8.0 Hz, 1H), 6.89 (t, J = 7.5 Hz, 2H), 6.84 (d, J = 8.1 Hz, 4H), 4.88 (br, 1H), 4.28 (s,
1H), 3.79 (t, J = 7.6 Hz, 2H), 3.19 (t, J = 7.7 Hz, 1H), 1.73 (q, J = 7.8 Hz, 2H). *C NMR (100 MHz,
CDCls) & (ppm) = 169.5, 168.3, 151.4, 147.3, 132.2, 132.0, 130.6, 130.2, 129.3, 128.7, 127.0, 124.8,
121.6, 120.8, 119.7, 116.7, 60.0, 49.4, 42.2, 25.8. HRMS (ESI): m/z [M — H] calcd for C3oH,7N30;:
476.1980; found: 476.2017.
\-NHCOPh White solid, 70 mg, 71% yield, M.P:184.0-186.0.
mvwhz '"H NMR (600 MHz, CDCl3) § (ppm) = 7.72 (t, J = 7.6 Hz, 3H), 7.56 (t, J = 7.3
Hz, 1H), 7.46 (t, J = 7.5 Hz, 2H), 7.17 (t, J = 7.2 Hz, 6H), 6.99 (d, J = 8.2 Hz,
1H), 6.90 (t, J = 7.2 Hz, 2H), 6.85 (d, J = 8.0 Hz, 4H), 4.83 (d, J = 4.2 Hz, 1H), 4.23 (s, 1H), 3.80 (t, J =
7.1 Hz, 2H), 3.15 (t, J = 6.4 Hz, 1H), 2.33 (s, 3H), 1.73 (g, J = 7.4 Hz, 2H). >*C NMR (100 MHz, CDCls)
& (ppm) = 170.0, 168.4, 149.3, 147.4, 134.6, 132.2, 132.1, 131.1, 130.6, 129.4, 128.8, 127.2, 121.6, 120.9,
119.4, 116.4, 60.3, 49.4, 42.3, 25.8, 20.7. HRMS (ESI): m/z [M + Na]" caled for C3;H0N30;3: 514.2101;
found: 514.2106.
y-NHCOPh White solid, 61 mg, 62% yield, M.P: 169.9-171.4.
mvwhz '"H NMR (600 MHz, CDCls) & (ppm) = 7.88 (s, 1H), 7.73 (d, J = 7.4 Hz, 2H),
7.55 (t, = 7.2 Hz, 1H), 7.44 (t, J = 7.4 Hz, 2H), 7.18 (t, J = 7.5 Hz, 4H), 7.10 —
7.05 (m, 3H), 6.91 (t, J = 7.2 Hz, 2H), 6.86 (d, J = 7.8 Hz, 4H), 4.87 (br, 1H), 4.24 (s, 1H), 3.80 (t, J = 7.2
Hz, 2H), 3.18 (t, J = 6.5 Hz, 1H), 1.72 (g, J = 6.9 Hz, 2H). "*C NMR (100 MHz, CDCl5) & (ppm) = 169.2,
168.5, 160.2, 157.8, 147.4 (d, J = 2.7 Hz), 147.3, 132.4, 131.9, 129.4, 128.8, 127.1, 121.8, 121.4 (d, J =
7.8 Hz), 121.0, 118.1 (d, J = 8.2 Hz), 117.03 (dd, J = 44.8, 23.6 Hz), 60.0, 49.4, 41.9, 25.8. HRMS (ESI):
m/z [M + Na]+ calcd for C30HN3O5F: 518.1850; found: 518.1846.
| NHCOPh White solid, 72 mg, 70% yield, M.P: 177.9-179.3.
~_ NPh, 'H NMR (600 MHz, CDCL;) & (ppm) = 7.88 (s, 1H), 7.73 (d, J = 7.6 Hz, 2H),
m 7.55 (t,J=7.5 Hz, 1H), 7.44 (t, J = 7.7 Hz, 2H), 7.18 (t, J = 7.8 Hz, 4H), 7.10 (d,
J=17.6 Hz, 1H), 7.06 (t, J = 5.3 Hz, 2H), 6.91 (t, J = 7.3 Hz, 2H), 6.86 (d, J = 8.0 Hz, 4H), 4.88 (br, 1H),
4.24 (s, 1H), 3.80 (t, J = 7.6 Hz, 2H), 3.18 (t, J = 7.5 Hz, 1H), 1.72 (g, J = 7.7 Hz, 2H). *C NMR (100
MHz, CDCls) & (ppm) = 169.0, 168.5, 150.0, 147.3, 132.4, 131.9, 130.6, 130.1, 129.8, 129.4, 128.8,
127.1, 121.8, 121.5, 121.0, 118.1, 59.8, 49.3, 41.9, 25.8. HRMS (ESI): m/z [M + Na] calcd for
C30H26N305Cl: 534.1555; found: 534.1551.
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| NHCOPh White solid, 67 mg, 60% yield, M.P: 165.4-167.1.
~_NPh, 'H NMR (400 MHz, CDCl3) & (ppm) = 7.72 — 7.68 (m, 3H), 7.55 — 7.40 (m, 5H),
\©\)l 7.17 —7.13 (m, 4H), 6.94 (d, J = 8.5 Hz, 1H), 6.89 (t, J = 7.3 Hz, 2H), 6.83 (d, J
= 8.0 Hz, 4H), 4.83 (br, 1H), 4.23 (d, J = 2.3 Hz, 1H), 3.78 (t, J = 7.5 Hz, 2H), 3.17 (td, J = 7.4, 2.3 Hz,
1H), 1.71 (q, J = 7.4 Hz, 2H)."’C NMR (100 MHz, CDCl;) & (ppm) = 168.9, 168.4, 150.4, 147.2, 133.4,
132.9,132.3, 131.8, 129.3, 128.7, 127.0, 121.8, 121.7, 120.9, 118.4, 117.1, 59.7, 49.2, 41.8, 25.7. HRMS
(ESI): m/z [M + Na]+ calcd for C3oH,N305Br: 578.1050; found: 578.1051.
| NHCOPh White solid, 61 mg, 60% yield, M.P: 177.9-179.2.
~_ NPh, 'H NMR (400 MHz, CDCl3) § (ppm) = 7.71 — 7.68 (m, 3H), 7.52 (t, J = 7.1 Hz,
/©\)l 1H), 7.42 (t, J = 7.4 Hz, 2H), 7.23 (s, 2H), 7.15 (t, J = 7.6 Hz, 4H), 6.90 — 6.82
(m, 7H), 6.67 (d, J = 8.4 Hz, 1H), 6.61 (s, 1H), 4.21 (s, 1H), 3.79 — 3.77 (m, 5H), 3.13 (t, J = 6.8 Hz, 1H),
1.73 (q, J = 7.3 Hz, 2H). *C NMR (100 MHz, CDCl;) & (ppm) = 169.2, 168.0, 161.0, 152.1, 147.1,
132.0, 131.9, 130.6, 129.1, 128.5, 126.9, 121.4, 120.7, 111.6, 110.5, 102.3, 59.7, 55.6, 49.5, 42.5, 26.1.
HRMS (ESI): m/z [M — HJ caled for C3;H9N304: 506.2085; found: 506.2122.
3g  NHCOPH White solid, 62 mg, 57% yield, M.P: 150.1-152.0.
m‘\/whz 'H NMR (400 MHz, CDCl;) & (ppm) = 7.78 (s, 1H), 7.70 (d, J = 7.6 Hz, 2H),
Et<y 0o 7.49 (t, J = 7.3 Hz, 1H), 7.40 (t, J = 7.6 Hz, 2H), 7.16 — 7.12 (m, 4H), 6.88 —
Et 6.82 (m, 5H), 6.39 — 6.36 (m, 1H), 6.31 (d, J = 2.6 Hz, 1H), 4.79 (s, 1H), 4.14
(s, 1H), 3.78 (t, J = 7.7 Hz, 2H), 3.32 (q, J = 7.0 Hz, 4H), 3.10 — 3.07 (m, 1H), 1.79 — 1.71 (m, 2H), 1.16
(t, J = 7.1 Hz, 6H). °C NMR (100 MHz, CDCls) & (ppm) = 170.1, 167.8, 152.5, 149.3, 147.1, 132.1,
131.8, 130.5, 129.1, 128.4, 126.9, 121.3, 120.7, 107.4, 105.4, 98.8, 59.8, 49.5, 44.5, 42.8, 26.2, 12.6.
HRMS (MALD1): m/z [M + H]" calcd for C34H3sN403: 549.2860, found: 549.2886.
ha  NHCOPh White solid, 75 mg, 76% yield, M.P: 154.1-155.8.
~_NPh, 'H NMR (400 MHz, CDCl3) & (ppm) = 8.00 (s, 1H), 7.77 — 7.66 (m, 2H), 7.49 (t,J =
©\/‘l 7.4 Hz, 1H), 7.39 (t, J = 7.6 Hz, 2H), 7.20 — 7.06 (m, 6H), 7.01 (t, J = 7.4 Hz, 1H),
6.91 — 6.74 (m, 6H), 4.85 (s, 1H), 4.25 (d, J = 2.3 Hz, 1H), 3.87 - 3.67 (m, 2H), 3.17
(td, J=7.5,2.3 Hz, 1H), 2.28 (s, 3H), 1.71 (q, J = 7.5 Hz, 2H). °C NMR (100 MHz, CDCl5) & (ppm) =
169.7, 168.2, 149.6, 147.3, 132.2, 132.1, 132.0, 129.3, 128.7, 127.7, 127.0, 126.0, 124.3, 121.6, 120.8,
119.4, 60.2, 49.4, 42.1, 25.7, 15.5. HRMS (ESI): m/z [M + Na]" calcd for C3;H29N303: 514.2101, found:
514.2114.
NHCOPh  3ia White solid, 60 mg, 61% yield, M.P: 155.3-157.1.
N Nen, 'HNMR (600 MHz, CDCL) 3 (ppm) = 7.58 (d, J = 7.4 Hz, 2H), 7.49 (t, = 7.2 Hz,
o o 1H), 7.45 (d, J = 7.3 Hz, 1H), 7.39 — 7.34 (m, 3H), 7.22 — 7.16 (m, 5H), 7.10 (d, J =
7.9 Hz, 1H), 6.98 (d, J=7.7 Hz, 3H), 6.91 (t, J = 7.1 Hz, 2H), 5.35 (br, 1H), 3.95 - 3.91 (m, 1H), 3.80 —
3.74 (m, 1H), 2.96 (d, J = 10.6 Hz, 1H), 2.07 — 2.02 (m, 1H), 1.76 — 1.74 (m, 1H), 1.39 (s, 3H). °C NMR
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(100 MHz, CDCls) 8 (ppm) = 169.9, 167.6, 150.7, 147.5, 132.1, 131.9, 130.0, 129.3, 128.6, 126.9, 126.1,
125.3, 124.8, 121.5, 121.1, 121.0, 116.9, 61.7, 50.4, 46.4, 23.7, 20.0. HRMS (ESI): m/z [M + H]" calcd
for C31H9N305: 492.2282; found: 492.2282.
3a |, NHCOPh White solid, 81 mg, 83% yield, M.P: 174.3-175.9.
w~_NPh, 'H NMR (400 MHz, CDCl3) & (ppm) = 8.07 (s, 1H), 7.73 — 7.71 (m, 2H), 7.51 —
(:d.‘lo 7.47 (m, 1H), 7.41 — 7.32 (m, 4H), 7.14 — 7.09 (m, 4H), 7.08 — 7.04 (m, 1H), 7.01 —
Me 6.98 (m, 1H), 6.86 — 6.82 (m, 2H), 6.81 — 6.78 (m, 4H), 4.14 (d, J = 2.0 Hz, 1H),
3.77 (td, J = 7.1, 1.9 Hz, 2H), 3.37 (s, 3H), 2.98 (td, J = 7.4, 2.1 Hz, 1H), 1.67 (q, J = 7.6 Hz, 2H). "*C
NMR (100 MHz, CDCls) 8 (ppm) = 171.1, 167.5, 147.1, 139.4, 132.1, 131.8, 130.3, 129.6, 129.0, 128.4,
126.9, 123.1, 122.2, 121.1, 120.6, 114.6, 61.0, 49.6, 43.5, 29.5, 26.5. HRMS (ESI): m/z [M + H]" caled
for C31H39N403: 491.2442; found: 491.2458.
3ab . NHCOPh White solid, 75 mg, 76% yield, M.P.: 146.0-147.7.
N 'H NMR (600 MHz, CDCl3) & (ppm) = 8.07 (s, 1H), 7.74 (d, J = 7.4 Hz, 2H),
0" o \©\Me 7.52 (t,J=7.2 Hz, 1H), 7.42 — 7.34 (m, 4H), 7.15 — 6.99 (m, 4H), 7.00 (d, J =
7.8 Hz, 2H), 6.82 — 6.77 (m, 3H), 6.72 (d, J = 7.8 Hz, 2H), 4.27 (s, 1H), 3.74 (t, J = 7.3 Hz, 2H), 3.20 (t, J
= 7.0 Hz, 1H), 2.25 (s, 3H), 1.71 (g, J = 7.6, 7.2 Hz, 2H). *C NMR (100 MHz, CDCl3) & (ppm) = 185.2,
169.3, 168.0, 151.2, 147.6, 144.3, 132.4, 132.0, 131.8, 130.4, 130.0, 129.9, 129.0, 128.5, 126.9, 124.6,
123.1,119.9, 119.7, 118.3, 116.6, 60.1, 49.5, 42.3, 26.0, 20.8. HRMS (MALD1): m/z [M + H]" calcd for
C31H29N3035: 492.2287, found: 492.2265.
3ac  NHCOPD, White solid, 75 mg, 76% yield, M.P.: 96.6-98.0.
w~UN 'H NMR (400 MHz, CDCl3) & (ppm) = 7.75 — 7.61 (m, 3H), 7.54 (t, J = 7.4 Hz,
o o \©\F 1H), 7.44 (t, J = 7.6 Hz, 2H), 7.38 — 7.36 (m, 2H), 7.18 =7.07 (m, 4H), 6.90 (d,
J=6.6 Hz, 4H), 6.81 (t, J = 7.3 Hz, 1H), 6.71 (d, J = 8.1 Hz, 2H), 4.87 (br, 1H), 4.29 (s, 1H), 3.74 (t, J =
7.5 Hz, 2H), 3.18 (t, J = 7.6 Hz, 1H), 1.71 (g, J = 7.5 Hz, 2H). >C NMR (100 MHz, CDCl3) & (ppm) =
169.2, 168.0, 159.8, 157.4, 151.2, 147.5, 143.2, 132.1, 131.8, 130.4, 130.0, 129.1, 128.6, 126.9, 125.0,
124.9, 124.7,120.2, 119.6, 118.2, 116.6, 116.2, 116.0, 60.1, 49.7, 42.3, 26.1. HRMS (ESI): m/z [M — H]
calcd for C3gH6N3O5F: 494.1885; found: 494.1911.
3ad |, .NHCOPp  Colourless oil, 45 mg, 54% yield.
\‘\‘\/N‘ph 'H NMR (400 MHz, CDCl3) & (ppm) = 7.91 (s, 1H), 7.70 (d, J = 7.4 Hz, 2H), 7.51 (4,
0”0 J =73 Hz, 1H), 7.43 — 7.32 (m, 4H), 7.15 — 7.04 (m, 4H), 6.62 (t, J = 7.2 Hz, 1H),
6.57 (d, J=8.1 Hz, 2H), 4.89 (s, 1H), 4.31 (s, 1H), 3.39 (t, J = 7.3 Hz, 2H), 3.15 (t, J = 6.4 Hz, 1H), 2.83
(s, 3H), 1.71 — 1.58 (m, 2H). "*C NMR (100 MHz, CDCl5) & (ppm) = 169.6, 168.3, 151.4, 132.3, 132.0,
130.5, 130.2, 129.2, 128.8, 127.0, 124.8, 119.8, 116.7, 112.3, 60.0, 50.1, 42.3, 38.5, 25.3. HRMS (ESI):
m/z [M + H]" calcd for CasH»sN3O3: 416.1969; found: 416.1971.
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3ae O White solid, 60 mg, 63% yield, M.P.: 182.2-183.3.
PROCHN. ) 'H NMR (600 MHz, CDCly) 8 (ppm) = 8.02 (d, J = 7.7 Hz, 2H), 7.75 (s, 1H),
@i\/ Q 7.56 (d, J=17.5 Hz, 2H), 7.52 (t, J = 7.2 Hz, 1H), 7.41 — 7.34 (m, 8H), 7.18 (t, J
> ° =6.2 Hz, 2H), 7.13 (t, J = 7.4 Hz, 1H), 7.10 (d, J= 8.0 Hz, 1H), 4.47 — 4.42 (m,
1H), 4.38 — 4.34 (m, 1H), 4.22 (s, 1H), 3.25 — 3.22 (m, 1H), 2.04 — 1.98 (m, 1H), 1.90 — 1.84 (m, 1H).
C NMR (100 MHz, CDCls) & (ppm) = 169.1, 168.0, 151.0, 139.6, 131.9, 131.7, 130.4, 129.9, 128.4,
126.9, 125.6, 124.7, 122.7, 120.2, 119.4, 118.9, 116.5, 108.2, 60.1, 42.3, 40.2, 27.4. HRMS (ESI): m/z [M
+ H]+ calcd for C39oH5N305: 476.1969; found: 476.1966.
3kt ,y-NHCOPR  White solid, 97 mg, 96% yield, M.P.: 87.3-89.0.
\\“\/”“\ph 'H NMR (400 MHz, CDCl3) & (ppm) = 7.81 (d, J = 4.5 Hz, 1H), 7.75 — 7.66 (m, 2H),
N "0 7.50 (t,J = 7.4 Hz, 1H), 7.40 (t, J=7.6 Hz, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.22 - 7.12
(m, 3H), 7.10 — 6.98 (m, 5H), 6.58 (t, J = 7.3 Hz, 1H), 6.50 (d, J = 8.2 Hz, 2H), 4.81
(d, J=6.2 Hz, 1H), 4.42 (s, 2H), 4.16 (d, J = 2.0 Hz, 1H), 3.52 — 3.42 (m, 2H), 3.37 (s, 3H), 2.93 (ddd, J
=8.7, 6.6, 2.1 Hz, 1H), 1.66 (ddd, J = 17.3, 14.3, 7.8 Hz, 2H). °C NMR (150 MHz, CDCls) & (ppm) = &
171.4, 167.8, 147.8, 139.6, 138.5, 132.2, 132.0, 130.5, 129.8, 129.1, 128.6, 128.4, 127.1, 126.7, 126.4,
123.3, 122.3, 116.3, 114.8, 112.1, 61.0, 54.4, 48.6, 43.5, 29.4, 26.0. HRMS (ESI): m/z [M + Na]" calcd
for C3oH3,N4O5: 527.2417, found: 527.2411.
g NHCOPh White solid, 71 mg, 86% yield, M.P.: 139.0-141.9.
“\\\/“\Ph 'H NMR (400 MHz, CDCl3) & (ppm) = 7.77 — 7.63 (m, 3H), 7.52 (t, J = 7.3 Hz, 1H),
N"So 7.41 (t, J = 7.7 Hz, 2H), 7.37 — 7.33 (m, 2H), 7.16 — 7.04 (m, 5H), 6.99 (d, J = 8.0
Me Hz, 2H), 6.85 — 6.74 (m, 3H), 6.72 (d, J = 8.1 Hz, 2H), 4.84 (s, 1H), 4.27 (s, 1H),
3.81 —3.70 (m, 2H), 3.16 (td, J = 7.5, 2.3 Hz, 1H), 2.26 (s, 3H), 1.72 (q, J = 7.5 Hz, 2H). >C NMR (100
MHz, CDCls) & (ppm) = 171.3, 167.6, 147.5, 139.4, 132.2, 131.7, 131.7, 130.4, 129.6, 128.9, 128.4,
127.0, 123.2, 122.2, 117.0, 114.7, 112.6, 61.4, 43.5, 41.4, 29.6, 28.6. HRMS (ESI): m/z [M + H]" calcd
for Co5sHy¢N4O5: 415.2129; found: 415.2152.

4.2 General procedure and spectral data of the synthesis of Sa-5c

N-NHCOPR opy)aobpyPFs OFHN
R\d o  +MesSis_NHPh DI(\;F’“;' ';/:)h ©M
O)J\/ 2g 3 W white LEDs T o//\N\F,h
5a-5¢

To a dried schlenk tube was treated with 1 (0.20 mmol, 1.0 equiv), 2g (0.24 mmol, 1.2 equiv),
photocatalyst (0.002 mmol, 1 mol% ) and DMF (2.0 mL). And then this mixture solution was degassed
for 3 times via ‘freeze-pump-thaw’ procedure. After that, this resulting solution was stirred at a distance
of ~5 cm under irradiation by 3 W white LEDs at room temperature for 11 h. The mixture was diluted

with ethyl acetate (4 mL), and added saturated NaHCO3 aquous (8 mL), followed by extration with ethyl
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acetate (10 mLX3 times). The combined organic phase was washed with brine (10 mL), dried with
anhydrous Na,SO,; and the solvent was evaporated. The crude product was purified by column

chromatography using petroleum ether/ethyl acetate as eluent (3:1 to 1:1), affording the desired product.

on un-NHCOPh - White solid, 72 mg, 90% yield, M.P.: 183.3-184.6.
: 'H NMR (400 MHz, (CD3),CO ) & (ppm) = 9.45 (s, 1H), 9.26 (s, 1H), 7.75 — 7.69 (m,
o o N, 2H),7.69 —7.63 (m, 2H), 7.48 — 7.40 (m, 1H), 7.36 — 7.22 (m, 5H), 7.16 — 7.03 (m, 2H),
6.87 — 6.74 (m, 2H), 5.57 — 5.47 (m, 1H), 5.19 — 5.09 (m, 1H), 3.85 (dt, J = 9.5, 7.9 Hz, 1H), 3.77 (td, J =
9.1, 3.3 Hz, 1H), 3.15 (td, J = 9.4, 3.0 Hz, 1H), 2.79 (s, 1H), 2.70 — 2.57 (m, 1H), 2.34 — 2.20 (m, 1H). *C
NMR (100 MHz, DMSO-ds) & (ppm) = 173.4, 165.0, 154.4, 139.4, 132.9, 130.8, 128.2, 127.7, 127.5,
127.0, 127.0, 126.4, 123.4, 119.1, 118.4, 114.9, 55.6, 46.6, 46.1, 17.9. HRMS (ESI): m/z [M + H]" calcd
for Co4H»3N305: 402.1812; found: 402.1828.
White solid, 77 mg, 93% yield, M.P.: 172.5-174.3.

5b _NHCOPh
on Y '"H NMR (600 MHz, CDCl3) 8 (ppm) = 9.35 (s, 1H), 8.51 (d, J = 6.0 Hz, 1H), 7.76 (d, J
o/;\N\ = 7.7 Hz, 2H), 7.50 (dd, J = 13.2, 7.5 Hz, 3H), 7.39 (t, J = 7.6 Hz, 2H), 7.34 (t, J = 7.7
Me Ph Hz, 2H), 7.16 (t, J = 7.4 Hz, 1H), 7.02 (d, J = 8.2 Hz, 1H), 6.90 (s, 1H), 6.77 (d, J = 8.2

Hz, 1H), 5.61 (t, J = 4.8 Hz, 1H), 4.82 (t, J = 4.3 Hz, 1H), 3.59 (td, J = 8.9, 5.0 Hz, 1H), 3.25 (dt, J = 10.5,
5.7 Hz, 1H), 3.15 (q, J = 8.0 Hz, 1H), 2.36 — 2.29 (m, 1H), 2.26 (s, 3H), 2.22 — 2.17 (m, 1H). °C NMR
(150 MHz, CDCly) 3 (ppm) = 174.0, 166.9, 154.4, 138.8, 132.0, 131.9, 130.1, 130.0, 128.7, 128.6, 128.5,
1270, 125.0, 121.6, 120.7, 117.2, 63.2, 473, 46.2, 20.5, 20.4. HRMS (ESI): m/z [M + Na]" calcd for
CasHasN;O5: 438.1788, found: 438.1794.
White solid, 78 mg, 81% yield, M.P.: 181.9-183.1.
'H NMR (400 MHz, DMSO-de) 3 (ppm) = 9.94 (s, 1H), 9.83 (d, J = 5.4 Hz, 1H), 7.65 —
N 762 (m, 2H), 7.57 - 7.5 (m, 3H), 7.4 (t, ] = 7.4 Hz, 1H), 730 (¢, J = 7.4 Hz, 4H),
Br P 721(dd, J=8.6,2.6 Hz, 1H), 7.08 (t, ] = 7.4 Hz, 1H), 6.77 (d. ] = 8.5 Hz, 1H). 5.65 (t,
J=5.6 Hz, 1H), 5.06 (dd, J = 5.4, 3.1 Hz, 1H), 3.72 (q, J = 5.8, 3.8 Hz, 2H), 3.00 (td, J = 9.4, 3.2 Hz, 1H),
238 (dq, ] = 12.4, 8.4 Hz, 1H), 2.02 — 1.87 (m, 1H). "*C NMR (100 MHz, DMSO-de) 8 (ppm) = 173.0,
1652, 153.9, 139.3, 132.9, 130.8, 130.1, 129.9, 129.2, 128.2, 127.8, 126.9, 123.6, 119.3, 116.9, 109.9,
55.5,46.3, 46.1, 18.2. HRMS (ESI): m/z [M + Na]" caled for CosHasN;O3Br: 502.0737, found: 502.0740.

5¢c .
OH HN NHCOPh

4.3 General procedure for sunlight irradiation reaction

N-NHCOPh Hn- NHCOPh
| Ir(ppy)2(dtbbpy)PFg
(1 mol %) w~_ NPh,
% + TMS._NPh ———————
PN DMSO, it, 1.5 h
N sunlight N" O
Me Me

1k 2a 3ka, 82% yield
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To a dried schlenk tube was treated with 1k (0.20 mmol, 1.0 equiv), 2a (0.30 mmol, 1.5 equiv),
photocatalyst (0.002 mmol, 1 mol% ) and DMSO (2.0 mL). And then this mixture solution was degassed
for 3 times via ‘freeze-pump-thaw’ procedure. After that, the solution was stirred under irradiation of
sunlight directly at room temperature for 1.5 h. The mixture was diluted with ethyl acetate (4 mL), and
added saturated NaHCOj3 aquous (8 mL), followed by extration with ethyl acetate (10 mL* 3 times). The
combined organic phase was washed with brine (10 mL), dried with anhydrous Na,SO4 and the solvent
was evaporated. The crude product was purified by column chromatography using petroleum ether/ethyl
acetate as eluent (5:1 to 3:1), affording 80 mg of a white solid in 82% yield.

4.4 General procedure for continuing flow reaction

NHCOPh NHCOPh
Ir(ppy)2(dtbbpy)PF g NPh
(1 mol %) W\ 2
+ TMS _NPhy —————
J\/ DMSO, rt
3 W white LEDs

Flow reaction

1k 2a 3ka, 70 min, 83% yield

To a dried schlenk tube was treated with 1k (0.20 mmol, 1.0 equiv), 2a (0.30 mmol, 1.5 equiv),
photocatalyst (0.002 mmol, 1 mol% ) and DMSO (2.0 mL). And then this mixture solution was degassed
for 3 times via ‘freeze-pump-thaw’ procedure. After that, the resulting mixture is then pumped through
the photoreactor at a flow rate (0.12 mL/min) to achieve a residence time of 70 min, and collected in the
flask. The mixture was diluted with ethyl acetate (2 mL), and added saturated NaHCO; aquous (8 mL),
followed by extration with ethyl acetate (10 mL* 3 times). The combined organic phase was washed with
brine (15 mL), dried with anhydrous Na,SO4 and the solvent was evaporated. The crude product was
purified by column chromatography using petroleum ether/ethyl acetate as eluent (5:1 to 3:1), affording
the desired product 81 mg as a white solid in 83% yield.

4.5 General procedure for control experiment

_NHCOPh
N-NHCOPh Ir(ppy)z(dtbbpy)PFs

0,
! o + TMS._NPh, (1 mol %) w~_NPh,
TEMPO (2.2 equiv)
OJ\/ DMSO, rt, 24 h
1a

3 W white LEDs
2a 3aa, 0%

To a dried schlenk tube was treated with 1 (0.20 mmol, 1.0 equiv), 2 (0.30 mmol, 1.5 equiv),
photocatalyst (0.002 mmol, 1 mol% ), 2,2,6,6-tetramethylpiperidine-N-oxyl (TEMPO) (0.44 mmol, 2.2
equiv) and DMSO (2.0 mL). And then this mixture solution was degassed for 3 times via ‘freeze-pump-
thaw’ procedure. After that, this resulting solution was stirred at a distance of ~5 cm under irradiation by
3 W white LEDs at room temperature for 24 h. Monitored by TLC analysis, we found the substrates 1a
and 2a were remained and no desired product was detected. So the reaction was completely suppressed,
suggesting that this transformation might involve a radical process.

4.6 Mesurement of quantum yield with 1a
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Quantum yield measurement was performed in a standard spectro-cell containing a plastic plug which
total volume was 4 mL and path-length was 1 cm. The cuvette was filled with the homogeneous solution
which was prepared through the model reaction condition (containing substrate 1a (0.02 mmol, ), 2a
(0.30 mmol), DMSO (2.0 mL), and photocatalyst [Ir] (0.0002 mmol). The quantum efficiency was
measured by the irradiation of 420 nm laser light source, and calculated by using the equation: ®= Mole
number for product/Mole number for absorption of photons, where the number of reaction molecular
was obtained from 'H NMR with triphenylmethane as the internal standard and the number of absorbed
photons were calculated from the illumination power and absorbance of the reaction solution. The
illumination power was measured using a digital photodiode power meter (Optical Power/Energy
Meter/Model 842 PE). The amount of absorbed light was determined from reaction solution absorbance
(abs) at the illuminated wavelength. Light intensity was measured before the model reaction solution was
irradiated by 420 nm laser light, begining and stopping the photocatalytic reaction, which was 0.93 mW

cm™, and irradiate time was set to 10800 s.

~NHCOPh _NHCOPh
IN © Ir(ppy)2(dtbbpy)PFg HN
0,
o + TMS._NPh, (1 mol %) w~_NPh,
)J\/ DMSO, rt, 3 h
1a 2a 3aa

@ = Mole number for product/Mole number for absorption of photons

ngaa Nyt
fRrL/RcC
N3a,: the mole number of the product 3aa, 1.475*10° mol (7% yield ) ; t: reaction time 10800 s; Na:

6.02x10%/ mol; f: 1-10™* (420 nm, A = 3.46); P: P = E*S (E: illumination intensity, E = 0.93 mW cm'z;
S: the area that irradiated § = 0.2425 cm?); A: wavelength (A = 4.2x107 m); h: planck constant (h =
6.626x10* W); ¢: velocity of light (¢ = 3x10° m/ s).

& —

we calculated the quantum yield of the model reaction of 1a with 2a to be 0.002. This result shows that
the reaction proceeds through a sequential redox process rather than by a radical chain propagation

process.
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5.'"H and *C spectra for all new compounds

000 —

86'
0094
LT94
09 1
1€°9 1
PE9 |
LS9 1
19°9 1
80°L 1
01°L A
1TL 1
oLl
STLA
SEL
secq|
LELA
LELA
8E°L A
6€°LA
6€°L
or'L
WL
8L
0s°L
TsL
182
8L
88
80°8
60°8
reg?
99'6 —

=

N,NHCOPh

1a

woo. 1
Fseo
oot
Sye0
Roz
wﬁhu

60

1T
Feoo

W@Wo

%ﬂ@o

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 25 2.0 1.5 1.0 0.5 0.0 0.5 -1.
1 (ppm)

10.5 10.0 9.5

11.0

eTee
0z9z1
79921
sL9z
€TLTl
89°LT1
58Tl
sriel
PN
1cgel
LEPEL
SLIpl—

66’871 —

0T€91 ~
LU

N,NHCOPh

1a

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

10

S14



20160426-2y288-h1

000-—

€€T—

96—

.NHCOPh
N o}

1b

Me

J

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

11.0

L8°0T—

YEETI
9Tt
89°9T1 /
89°LTI1
60'8C1 V

5c1 7,
1Tl
6TTsl
sl
popel
9z9€1 \

.NHCOPh
N o

1b

Me

L LIl L

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
1 (ppm)

T
210

20

S15



00°0-—

vT9
§T9
Ly'9
8v°9
6v'9
159
199 -7
99
9€°L
1S
w$L
vS'L
65°L
09°L
9L
89°L
69°L
68°L
06'L
97’8

w0TI—

-NHCOPh
N co

1c

40 35 3.0 25 20 15 10 05 00 -05 -1

50 45

85 80 75 70 65 60 55
1 (ppm)

9.0

$.0 135 13.0 125 120 115 11.0 105 10.0 9.5

00’111
i >
TELI
os L1l
98421
re'vel
peozl
ozLel
v0'8TI
91'821
vT8l
o0s 1€l
£9°Tel
60'bE1
crrov
mm.vi\
m_.xm_\
57091
LLT91
99°€91

.NHCOPh
N

1c

T T
100 90
1 (ppm)

T
110

T
120

T
200

T
210

S16



979
8T9
8v°9
059
159
%9
€997
999
SE€L
LEL V
vS'L
SSL
LS'L
8S°L
09°L
9L
€9°L
Yo°L
06'L
6L
L6'L
91’8

_.NHCOPh
N o)

1d

Cl

=01
001
11
=01
FsLy

6’1

0’1

=80°1

20 15 10 05 0.0 -05 -1

25

50 45 40 35 3.0

70 65 60 55
1 (ppm)

7.5

90 85 8.0

140 13.5 13.0 125 120 115 11.0 10.5 10.0 9.5

69'7T1
L8'VT1
syoTl
0T'LTl
£0°8T1
rI'8Tl
€1ro¢gl
Tosl V
TSIEl W
szl \
sTvel
€L6¢€1
PO'LY1 —

8LTI1 ~,
el

N,NHCOPh

1d

Cl

1 (ppm)

S17



€601 —

N,NHCOPh

1e

Br

Feso

-0.5

0.0

85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 10 05
1 (ppm)

9.0

20 115 11.0 10.5 10.0 9.5

LY611
(Ul
LELTT
[ 14
65°8C1
96'8C1
0F'6T1 ~&
SPTEl ~

8y ec
Yo el \
1Tsel
£€5°0¥1
€8yl —

0L'€91 ~.
8TH91 7

.NHCOPh

N
|

1e

Br

200 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10
1 (ppm)

10

S18



000-—

w}e—

€291
$T9q
LY'9
819 1
67'9 4
159 4
099
£9'9
889
66'9 M
e
0S'L~
2y um
€L
LS'L %
65L
ovrgﬁ
88
68°L ]
T6°L
€6'L
178

A

6L 11 —

N,NHCOPh

1f

MeO

wLI'T
180
011
2960
2001
€T
<01
L8°1
$6°0
50’1

paya i

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.

9.0

35 13.0 125 120 115 11.0 105 100 9.5

1 (ppm)

9T ¢S —

8L7L01 ~
6LTITA
LL811
SL'9T1
€1°LTl
L6'LT
yTigl
96'T€1 M
08'¢cl -~

vl —
ILerl —

€0°191
YS9l —
S E91 7

N,NHCOPh

1f

MeO

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

210

S19



T
-1

w
re
. o
000~ — — S
w 0611 =
[ sser 7
601y ) [ o 97°0T ~
ot 2 = <
[ o
[
o
Fea
seer —
w
[ L@
o
Fe
Le€ . 976§ —
b y Toer | 2
e
=
0
=
61°9 o
079 Fe
or'9q
$v'9 9 L=
9t'9 -
L1799 L=k
6v'9 L Joot cg oLeo1r —
Ls9\ €0l e €601 ~
099 ~& ﬂom.“ Feo LT ~
%e\ e
. €0°1 ]
0L9 Fe .
. vL9TI
oLy 9T
oL~ T R MWMM“
! Lol A
mm.iw 1 e “0c y
LSL 0z o Loogt
o —_— o €Teel
eE; Lo €TTrl —
8L vT6vl
98°L Le 0v'0S1 V
o
- K
L8L o =
0g'g L@ o
w @ SI'T91~ o
T o 69°€91 o
=z (@] re I
=z o " Z o
J \
e Feo
E] Z= [e]
o
L<
T
w
oSl — - —— 660 [~
Z-W °
=] 4 K
o /
- w © o -~
Lo - 11}
&
o
ba
]

10

20

30

90 80 70 60 50 40

100

1 (ppm)

S20

Et
200 190 180 170 160 150 140 130 120 110

210




000 —

S0T—

98°¢
68°S

L9
029

w9

vz 9—
85°9~
w9/
669\
10°L ]
€0°L )
o1
[
6T'L
o0cL
L
SEL
8E°L ]
ov'L]
1L
v
08°L
2V
€821
Les?

B Y

€901 —

1h

_NHCOPh
N O

A

Fero

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1

9.0

12.0 11.5 11.0 10.5 10.0 95

1 (ppm)

¥9°S1 —

)
LT

L)

L il

1Lect
croct
19921
9¢€°LT1
0T8Tl

8L7T91 ~
6£'€91 7

-NHCOPh
N o)

1h

-10

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

200

S21



00°0-—

LTT—

€1'9
m_.o/
LE9
or'9 A
1597
v$'9
€TL
sTL
SEL
9€'L
WL
vrL
St'L
LY'L
8v'L
0s'L
1L
LS'L
98'L

ILor—

N,NHCOPh
Me
(0]
=

1i

I

25

B
60
01

T6°0
[

Wﬁe.m
61

81

Firt

10 05 00 -05 -1

1.5

2.0

85 80 75 70 65 60 55 50 45 40 35 3.0
1 (ppm)

9.0

12.0 11.5 11.0 10.5 10.0 9.5

1901 —

SEYT —

9T’€TI
€0°9C1
90°LT1
€6°LT1
L6'LTL
LT'8TI
°6°8C1
16°6T1
00°0€1
88°0€1
SSTIEl &

S8°TEl “F
8L7EC]
S6€el

el
89°LY1 —

96°€91 —

.NHCOPh
I

1i

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

210

S22



00°0- —

LS
08's
579
059
89°9
19
wo
5191
669 1
102 |
£€0°L 1
€1
SILA ﬁ
9z°L
8T'L
6L
or'e
WL
L )W
6v'L
L%
esL”/
8L
68°L
ves/
L8~
sug”

8101 —

L0TI —

-NHCOPh
N o}

1j

Eseo
F96°0
7901
=101
ETT

ﬁm.m
Tl

T

Foeo

Feoo

05 -1

0.0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

105 100 9.5 9.0

13.0 125 12.0 115 11.0

13.5

4.0

0611
60°0C1
L8°TTI
8TLTI
E€V°LTIL
11°8C1
p4 N
LSTIET Y
99°1¢€1

887 1€l
:.mm_\
€S°LEL

08yl —

€87791 <
0z €91 7

.NHCOPh
N )

1j

ZT

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

210

S23



20160507-2y380-h1

dan
hl-nmr dmso

1k

aQ
~
I

N
|

R R R I S R
FndanIIIIIETIAnAS S S d=-0a%e S
A I R R IR R . e RN
S ANANLNERERERERERENE NSNS NENENUNUN P S G it

-NHCOPh

3.24

-0.00

ry TR LTI T 7 L
I R = < a2 2 <
< S S i i - S —_ o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
13.0 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1
1 (ppm)
20160505-zy380-c13-2
. % o To-cootmana =
13C NMR [ — R =R~ OO <
< [ e Y A “
e SInomoaacangy 5
N/ NN m————
" .” " ” " VI " "
L Ll L‘ y ¥ A AL IR S L
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 [ -10
1 (ppm)

S24



00°0-—

LI'E
o_.mw
0T’¢
wh.m/

6L
_w.m\

8TV —
88Y —

7891
$8'9 1
889 1
6891
1691
LO'L
60°L
m_.EW
91°L A
A
9EL~,
LeL]
6cL
L
v
L
L]
PSL]
ssL
€L
vLLd
oL

3aa
HN,NHCOPh

sHal e

SSaad

o %

—a ==l

ol

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

1.0

08'$T—

LIty —

sE€or —

2009 —

LT8II ~
€5°691

3aa
|_IN,NHCOPh

WL

|

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
1 (ppm)

T
210

20

S25



00°0-—

11
o
L1
SL1

€€T—

vie
m_.m/
9I'e
6L
ow.m/
18°¢
€<y —

€8y
24

FC0°E

101

B

T6'€
81
Mue,_
L8°S
L6l
}mo.o
6'C

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1
1 (ppm)

11.0

L9°0T —
86T —

o€y —

oy —

1€09 —

€91l
Pr611
26°0T1
19121
LrLTL
SL8Tl
se6Tl
65°0€1 X

LOIEL T
€1-zel \
sTeel
€9°pEl
SELYI ~
1€6v1 =

SE891 ~
€0°0L1

HN,NHCOPh

3ba

T
100
1 (ppm)

T
110

T
120

T
200

T
210

20

S26



00°0-—

oLl
11

il

Lre
8¢
o_.m\
6L'€
ow.mV.
8¢
YTy —

L8V —

$8'97
989 1
06'9 1
1691
69
SO°L Y
S0°L A
60°L )r
oL~
9L
S1'L
61'L
'L
prLd
v
[
ssL
9L
L
[
88°L 4

mal

=

_NHCOPh

HN

3ca

6'¢
6’1
e
Noo's
B0
201

o.-
Reot

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

11.0

ST —

L8y —

9€6r —

6665 —

91811

96°0C1
€121
6€°1TI
sLTy
TILTI ~
08°8CT1 -7
6€£°6CI1 \
oo._m_\
6€£°TEl

LYl
oLyl W
€LY
18°LS1 ~
Y091 —

87891~
€691 7

_NHCOPh

HN

3ca

1]

T T
110 100

T
120

T
200

T
210

20

1 (ppm)

S27



00°0-—

.NHCOPh
HN CcO

3da

w~_ NPh,

Cli

o "o

ER€T

€6'¢
%\o. 1
61
01
6
Wﬂao.w
H/Me,_
H/¢o.m

01

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

11.0

°8°ST —

€61y —

oy —

865 —

€811
L6°0T1
gl
LLITH

crLe
18°8C1 /
[yl /
18°6C1 -
90°0€1
95°0¢1
06°1€1
or'Tel
0ELYT ~
96°6v1 —

05891~
66'891 7

_NHCOPh
HN

3da

w~_ NPh,

Cl

T T
110 100

T
120

1 (ppm)

S28



00°0-—

S84
B9'L
B9'L
0Le
[445

|_IN,NHCOPh

3ea

w~_-NPh,

Br.

Foze

Foo't
Fooe

E00°1

Foot

80°p
Mm;
o

“g56'c
[axS
Fiez

00 05

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

1.0

ILsc—

S8y —

€Tor —

8965 —

orLrt
#7811

88°0C1
69'121
08121
S0'LTI
T8zl %
TeeTl —
sIelf
ocTel
88°CEl
3131
1TLY1 ~—
Twost —

891~
188917

_.NHCOPh
HN co

3ea

~_-NPh,
o

Br

10

T T T
110 100 20

T
120

1 (ppm)

S29



000 —

AR

9Ll

19'9
99'9 1
8999
899
7899
989 4

88°9
069

€L

m_.»/
LIL—
oL/
or'L 7
WL
ppL
05
L
yS°L ]
89°L
oL'L
e

-0.5

0.0

0.5

o
2.0

55 50 45 40 35 30 25
1 (ppm)

6.0

6.5

7.0

7.5

CEd A LI

_NHCOPh
HN
90 85 80

9.5

10.0

(e}
[}
=

3fa

10.5

1.0

9T —

LYty \
9 6r —
86°6S AN

99°6S /

€0'191 —
S6°'L91
§T691 V

100 90
1 (ppm)
S30

110

120

_NHCOPh
HN
180 170 160 150 140 130

190

200

o
]
=

210

3fa

220



00°0-—

6Ly —

€9
€9
9c9
L£9
8€9
6£9
w9~
v89 -
989

sgodf
TiL
€L
3.&
9L

8L ]
(N
L]
st ]
ov'L
152
69'L
e
L7

——r

_NHCOPh

HN

Ezo9

Fve

Eio'1
Fooy

60
60
oo
6T
L8]
Wmo.o
31
60

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

1.0

86T —

w9t —

08°Th —
0wy
1567 —

868 —

18'86
TWS0I~
£U°L01~

69°0C1
LTIzl /
L8'9TI /
Pp'8Tl

90°621 V
LYOS1 “F
18°1€1 \
80°CEl

1LYl ~

9Tev1 —
LY'TS1

SLLIT ~
oroLr —

_.NHCOPh

HN

3ga

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
1 (ppm)

T
210

20

S31



000-—

3ha
|_IN,NHCOPh

ez

Feee

Poco
E6T1
Ww_.o

L1°T
H/%,_
Rl

5260

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

9.0

120 11.5 11.0 105 10.0 9.5

1 (ppm)

69'ST—

ey —

LEoy —

0T09 —

well
8°0Cl
9s'1z1
[l
£0'921
LTl
oLzl ~t
69'8T1 7
szez1 /f
S0°TEL
80°TEL
81°TEl
6Lyl ~
95611 —

0T'891 ~
0L'691

3ha
HN,NHCOPh

210 200 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10

20

1 (ppm)

S32



00°0-—

3ia

NHCOPh

Fs.m
oIl

m\do._
Eseo

FL6'0
Foo'1

9°1
be
€01

LES
ES6T

6'0
0°1
871

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -1
1 (ppm)

10.5

1.0

oy —
€V0S —

119 —

26911
66'0C1
oricl
6v'1Tl
LLYT
PeSTl
11921
76'9T1 ~
09°821 -F
9T'6T1 \
00°0€1
88'1€1
90°TE1
svLYl —
1L°0s1 —

SSTLIT ~
L8691 —

3ia

NHCOPh

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
1 (ppm)

T
210

S33



.NHCOPh

HN

3ka

Www.m
e
0°1
171
6'¢
10t
Hw.o

81
b@w.o

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

10.5

1.0

69T —
1$°6T—

€Sy —

19°6v —

€019 —

roPvIL
LS°0TI
et
91°cel
rrect
T6'9C1
LE8TI
66'8C1
9s°6Cl1
€€0€1 ~E
SL1EL T
vIeel \
orect —

1Lyl —

vSL9l —
PUILL —

_NHCOPh

HN

3ka

W

T
“AC

T T
100 90
1 (ppm)

T
110

T
120

T
200

T
210

S34



000 —

69°1
oLl

w
STT—

61°¢
om.m/
1ce
mr.m/

vLE 7
9L’€ \
LTy —

w9y
€9
L9
8,91
089 4
189
2891
669 1
00°L
0L o
90°L
60°L
01°L
11°L
€1'L
vrL
s
veL
e
LeL
8¢°L
ov'L ]
1.
e
1621
L]
e
e
s
o8]

3ab HN'NHCOP}E’h

Me

=€0'1

wﬂmo._

T6'T
ﬁo._
i 44

€1y
20'1
26'1
=101

0.0 -0.5

0.5

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

11.0

€80T —
009C —

01'09 —

86'L91 ~
67691 7

817681 —

o
=

U AML'H N e

-1

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

220

1 (ppm)

S35



)
Q

00°0-—

89°1
oLt

T \
v

91°¢
w_AmW
0T€e
mn.m/

vLE—F
on.m\

6Ty —

d
N

3 _NHCOP
ac n-NHCoPhR,

e N

1|
Fe

Fo

fo

H\N
Fo
€

i

01
0T
0°1

60

6'1
0°1
8¢
6°C
6l
6'1
01
8T

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
1 (ppm)

10.5

L09T —

11709 —

96511 7
61911
€9°911 4
YTII
r9°6l1 1
TTozl
89'7CI
68421
L6HTI W
8891 |
19821 4,
80°6T1

S0°0€1
SHoO€l 7
P8IEl

€1TEl

Lrepr -
PS'LYL—
6111 —
LS~
€8°6S1 ~

$0'891 ~_
61691

3ac HN NHCOPI%h

60 50 40 30 20 10

70

210 200 190 180 170 160 150 140 130 120 110 100 20

220

1 (ppm)

S36



00°0-—

1€ —

68’y —

959
859
099
299~%
997

<
=3
~
”

60°L 7
e
crLd
SR |
L
veL
9¢°L
6L ]
1L
v
6L
15
s |
%.L
L

162

©

N

~

\
T

|

bery
Py
101
40T
7660

0.0 0.5 -

0.5

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

10.5

CARBON_01

8TST —

€6°8¢ —
1€y —

01°0S —

€009 —

veTIL
YL /
€8°611 /
6L ¥Tl /
10°LT1

SL'8TI /
1zecl /
LI0ET ~
rS0gl

66°1€1 \

LTTEL

~

8CIST —

£€891 ~
65691 7~

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

20

S37



00°0-—

>
=

T

g

~
L

3ae

PhOCHN\NH

860
01
0°1

<

L0°1

— &

TEELL

SSd

0.0 -0.5

0.5

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

10.5

1.0

LIOF ~
yeTw

1109 —

€T°801
vS 9Ll
16'8
6£611
81°0CI
69°CC1
LTI
€9°6T1
L8°9T1

€7°8C1
16'6C1 /
€7°0€1 V
vLIE]
o 1€l
€9°6€1 —

86°0S1 —

$0°891 ~
11°691

3ae

"NH

PhOCHN

T T T
110 100 90

T
120

T
210

T
220

1 (ppm)

S38



000
€91
o'l #
914
L9
89'1 1
69'1 1
16T
€6C
€6C
v6'T
67
6T
Lee %
Lred
b€ |
8¢ |
6v'€ 1
05°€ 1
SIv
91t |
W
ow.w;

——

187
69
59
959
89|
09°9
669 L
0L ﬁ
€L
0L
0L
902 |
1oL
30°L |
60°L |
vi°L
SI'LA
Ly W
SI°L
61°L
61°L
1TLT
172
€eL
seL
Lo
LeL
8€L
6€'L
ov'L ]
L]
8v°L]
sv°L |
o5 ]
0s'L
[
69°L
69°L
oL
L
08°L
18°L

o~ N
“SNTph
)

3kf |_IN,NHCOPIér_I

FLet

160
89T
bge'1

E26'0
Fes'1

2L
01

m\mv.m
€re
v 81

€0'C
%N_._

81
H/No._

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 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.
1 (ppm)

9.5

11.0 10.5 10.0

109 —
€6t —

s
6587
TS~

609 /

17°9T1 4
89°9C1 JW

90°LT1
£4'8T1
1

821
IRIR
LL6TINE
057081 ~<
z0°TEl
€Teel
vegel
65°6€1
8L LYl —

Y8 L9l —
SHILL —

3kf HN'NHCOPEn

o~ N
“SNToph
o

Me

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

220

1 (ppm)

S39



000 —

69°1

S e en eneneden e

_NHCOPh

3kg HN

Fiet

FLeo

T8l

T6'1
ANS
¥10T
Fisy
0'C
21T
1

6'C

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
1 (ppm)

10.5

1.0

09'8T~
L5677

SEIY ~
Ly'ey —

8€19 —

LTI
vl
€O°LIT
€TTTI
cTeet
$6'9C1
LE8TI
£€6'8C1
§s'6C1
17°0€1
69°1¢€1
€LTIED v
el
SE6El —

LY LYl —

§9°L91 —
YEILL —

H

_NHCOPh

o~ N
WSNTopp
)

3kg HN

1)

e JJMI“M“‘

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

210

540



0070~
6L'T
sre
9I'e
oL€E
LLE
6L'€
(£33
v8'€
33
98'¢
€IS
rIs
LL9
LL'9
6L'9
6L'9
08'9
189
18°9
189
€89 ﬁ
€8'9
90°L
LO'L W

S0°L
S0°L
60°L
oL
oL
e
L
T ﬁ
€L
vi°L
LTLA
oL
8L
6T'L
6T'L
6T'L
0€°L
€L
€L
TEL
mmsuw
€L
et
v
N
o]
S9°L
$9°L
99'L 1
99°L 4
Lo
1oL
89°L |
10
1L
wL
eLL
eLL
€L
sred

OH HN,NHCOPh

e

H/:._
8ol
80

@@o;

01
0°1

E881
ylol
L't
/860
81
81

FeLo
o690

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.
1 (ppm)

11.0

06'L1 —

RTAN
ssor

L8YIT
SH8I1
viell
ja gyl
8€°9T1
$6'9C1
§0°LT1
€5°LT1
€L°LTI
S1°8C1
LLOET
L87TEL
[

o

7vsl —

0691 —

SEELl —

OH HN NHCOPh

n

T T
100 20

1 (ppm)

T
110

T
190

T
200

S41



oy
81T
61T
17T
we
9T'T
0€'T
€T
(x4
PET
ST
9T
e
P
sre
L€
€7 |
rTE W
§TE

sTe
9z°€
Ls'€ %
85°€
657

09°€
09°¢
19°€
187

Q.L
€877y
%.J

=

19°¢
95
9L'9 9
8L°9
06'9 1
T0°L
€0°L |
SILA
91°L
81°L
€eL
PELA
SELA
8E°L
6€L %
17°L ]
8v'L

ov'L

0s'L

1L

SLL

9L’L
18
w8

—_——

5b
OH HN,NHCOPh

I

2201
Aot

FYIL

960
660
=960
=460

81
81
€LT

18°1

Fe60

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 25 2.0 1.5 1.0 0.5 0.0 0.5 -1.
1 (ppm)

9.5

10.5 10.0

11.0

ot v

0s°0T

ST9P~
veLr -

81°€9—

5b
OH HN NHCOPh

I

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

20

1 (ppm)

S42



TT0-

oo.:
mo”_ 4/
t6 :

S6'11
L6'1 4
86°1
€67
€T
9¢°T 1
8€°T
$€°T
0T |
17T
7T W
[Saa
L6T W
86'C
00°€
00°€
o€
€0°¢
oL€
1Le
Q.m&
€L'e

sLe

s0's
oS
90°s
L0°s
oS
@,mW
L9°s
L9
9L'9
o
8L°9
Lo'L
80°L AY
01°L7)
61°L
0T'L
17
L
LTL
LT
6TL ]
e
1L
€L
wiL
vrL
9L
ss'L
ss'L
1y
oL
€9,
9L
861
861
66

5¢c
OH HN,NHCOPh

[ I T

0°1
0°1

01
€6°€
1l
16T

6’1

2001
Bze0

85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.C
1 (ppm)

9.0

12.0 11.5 11.0 10.5 10.0 9.5

0T81 —

19
LTV

61°SS —

06'601

L8911 /
8T6l1
9¢°€Tl /
1691
6L°LTI
61°8C1
81°6T1 ~=
06°6C1

80°0¢1 N
T8°0¢€1

6o Tl \
€6l

68°€ST —

STl —

LOTLL —

5¢c .
OH HN NHCOPh

A

-10

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

20

1 (ppm)

S43



