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1. General Information

All reactions involving air- or moisture-sensitive reagents or intermediates were carried out in oven-dried glassware under nitrogen (N2)
atmosphere using standard Schlenk techniques. All reactions under irradiation were conducted in front of a 20 W white LED (400-800
nm) bulb. All commercially available reagents were purchased and used directly without further purification. Thin layer chromatography
(TLC) was performed on silica gel plates and visualized by fluorescence quenching under UV light or staining with the standard solution
of Phosphomolybdic acid. Flash chromatography was carried out using silica gel (200-300 mesh) under a light positive pressure, eluting
with the specified solvent system. Organic solutions were concentrated under reduced pressure on a rotatory evaporator. Isolated
yields refer to materials of >95% purity as determined by *H NMR.

'H NMR spectra were recorded on Bruker Bruker 400 MHz and 600 MHz spectrometers. Chemical shifts are reported in parts per-
million (ppm) and the spectra are calibrated to the resonance resulting from incomplete deuteration of the solvent (CDCl3: 7.26ppm,
singlet). 1*C NMR spectra were recorded on the same spectrometer with complete proton decoupling. Chemical shifts are reported in
ppm with the solvent resonance as the internal standard (**CDCls: 77.16ppm). Data are reported as follows: chemical shift &/ppm,
multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, p = pentet, m = multiplet or combinations thereof; *C signals are singlets
unless otherwise stated), coupling constants J in Hz, and integration (*H only). *®F NMR spectra were recorded on the same
Spectrometers.

High Resolution Mass Spectrometry (HRMS) were all recorded on an ABI/Sciex QStar Mass Spectrometer using a positive electrospray
ionization (ESI+). Measured values are reported to 4 decimal places of the calculated value. The calculated values are based on the
most abundant isotope.

The starting materials, including oxime esters*-3, quinoxalin-2(1H)-ones* %, and heterocycles®, were synthesized according to previously

reported methods. Zwitterions Z17-8 and Z4° were also prepared following established protocols. The photocatalyst fac-Ir(ppy)s, 4CzIPN,
and zwitterions Z2 and Z3 were purchased and used as received, without further purification.

2. Reaction Investigation and Condition Optimization

2.1 Screening of catalysts

catalyst (x mol%)
@ L KHCOj (1.5 equiv.) C[ I

DMSO (0.1 M)
Me  white LED, rt, N, 6 h
1a 2a 3aa
r Photocatalysts r Thiourea precatalyst— — N-donor
CF3 CF3
Q|| A
F3C NJLN CF3 N\7
H H .
T DABCO
r Aromatic-donor -1 r S-donor
Ir(ppy)3 4CzIPN MeO S
Me/\OJ\S'K*
2-methoxynaphthalene ethyl xanthate
r Zwitterions
z1 22 z3 z4
Table S1. Screening of photocatalyst &,
entry catalyst X yield of 3aa (%)®!
1 none - 8
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2 fac-Ir(ppy)3 2 93
3 4CzIPN 2 83
4 T1 5 89
5 DABCO 5 8

6 2-methoxynaphthalene 5 29
7 potassium ethyl xanthate 5 80
8 Z1 5 96
9 z2 5 7
10 Z3 5 75
11 z4 5 51
12 Z1 10 95
13 Z1 2 43

[a] Reaction conditions: 1a (0.20 mmol), 2a (0.30 mmol), photocatalyst (x mmol), KHCOz (0.30
mmol), DMSO (2.0 mL), under the irradiation of 20 W white LED for 6 h at room temperature
in a sealed tube under N2 atmosphere. [b] Yield of the isolated product 3aa.

2.2 Screening of Base and Solvent

CF3
OY@ Z1 (5 mol%)
base (1.5 equw)
N’
I solvent (0.1 M)
e white LED, rt, N, 6 h
1a 2a 3aa

Table S2. Screening of base and solvent @,

Entry base solvent Yield of 3aa (%)
1 K2CO3 DMSO 90
2 Na2COs3 DMSO 88
3 K3POq4 DMSO 89
4 KHCO3 DMSO 96
5 EtsN DMSO 15
6 DMAP DMSO 32
7 KHCOs DMF 90
8 KHCOs DMAc 90
9 KHCOs MeCN 75
10 KHCOs THF 10
11 KHCOs DCM NR

[a] Reaction conditions: 1a (0.20 mmol), 2a (0.30 mmol), Z1 (5 mmol), base (0.30 mmol),
solvent (2.0 mL), under the irradiation of 20 W white LED for 6 h at room temperature in a
sealed tube under N2 atmosphere. [b] Yield of the isolated product 3aa.

2.3 Control Experiments

CF4
OY@ N Z1 (5 mol%) N N
0 ©: \l\ KHCOj, (1.5 equiv.) @( S N\
. i\ b s,
I _ N“~0  pmso (0.1 M) N® 0
Me  white LED, rt, Np, 6 h Me
1a 2a 3aa

Table S3. Control experiments @,

Entry variations Yield of 3aa (%)®!
1 without Z1 8
2 without KHCO3 NR
3 without irradiation NR
4 under air trace
5 under sunlight 90

[a] Reaction conditions: 1a (0.20 mmol), 2a (0.30 mmol), Z1 (5 mmol), KHCOs (0.30 mmol),
solvent (2.0 mL), under the irradiation of 20 W white LED for 6 h at room temperature in a
sealed tube under N2 atmosphere. [b] Yield of the isolated product 3aa.
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3. Synthesis Procedures and Characterization of Products

3.1 Synthesis Procedure and Characterization of Product 3

Z1 (5 mol%)

N N
RIS KHCO;(15equiv) g & ) S
+ 3 > ! y/ N o

N O Dpmso (0.1 M) \
R4 white LED, rt, Np, 6h R4

An oven-dried Schlenk tube equipped with a stirring bar was charged with 1 (0.2 mmol, 1.0 equiv.), 2 (0.3 mmol, 1.5 equiv.), Z1 (0.01
mmol, 4.19 mg, 5 mol%) and KHCO3 (0.3 mmol, 30.0 mg, 1.5 equiv.). After refilling with N, repeated three times, DMSO (2.0 mL) was
added through syringe. The mixture was stirred at room temperature for 6 h in front of a 20 W white LED bulb. Water and EtOAc were
added and the mixture was stirred for 10 min. The layers were separated and the aqueous layer was extracted with EtOAc. The
combined organic layers were then washed with brine, dried over Na,SO,4 and concentrated in vacuo. The residue was purified by

column chromatography on silica gel to afford the corresponding product.
N

QX
I}l o
Me  3aa

1-Methyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3aa): 60.9 mg, 96% yield as a white solid.

IH NMR (600 MHz, CDCl3): 8 7.86 — 7.82 (m, 3H), 7.52 (t, J = 7.8 Hz, 1H), 7.41 — 7.36 (m, 3H), 7.33 (t, J = 7.8 Hz, 1H), 7.29 (d, J =
7.8 Hz, 1H), 4.97 — 4.92 (m, 1H), 3.70 (s, 3H), 3.52 (dd, J = 15.0, 6.0 Hz, 1H), 3.10 (dd, J = 11.4, 8.4 Hz, 1H), 3.09 — 3.04 (m, 1H), 2.96
—2.91 (m, 1H), 2.32 (dddd, J =12.7, 9.6, 7.7, 4.9 Hz, 1H), 1.78 (ddt, J = 13.3, 9.7, 7.0 Hz, 1H);

3C NMR (151 MHz, CDCl3): 5 172.74, 159.11, 155.16, 134.82, 133.31, 132.93, 130.39, 129.96, 129.78, 128.42, 127.88, 123.58, 113.66,
70.95, 41.13, 35.14, 29.17, 29.00;

HRMS (ESI) m/z: calculated for C2oH20N3O [M+H]*: 318.1601, found: 318.1597.

N
¢

l}l (0]

Me  3pa

1-Methyl-3-((5-(p-tolyl)-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ba): 59.7 mg, 90% yield as a white solid.

H NMR (600 MHz, CDCl3): & 7.85 (dd, J = 8.0, 1.6 Hz, 1H), 7.74 — 7.68 (m, 2H), 7.52 (ddd, J = 8.5, 7.3, 1.5 Hz, 1H), 7.35 — 7.30 (m,
1H), 7.29 (dd, J = 8.4, 1.2 Hz, 1H), 7.18 (d, J = 7.9 Hz, 2H), 4.92 (it, J = 8.2, 6.2 Hz, 1H), 3.69 (s, 3H), 3.12 — 3.01 (m, 2H), 2.91 (dddd,
J=17.0,9.5, 7.4, 1.8 Hz, 1H), 2.36 (s, 3H), 2.30 (dddd, J = 12.8, 9.9, 7.8, 5.0 Hz, 1H), 1.76 (ddt, J = 13.2, 10.0, 7.0 Hz, 1H);

3C NMR (151 MHz, CDCl3): 5 172.63, 159.14, 155.13, 140.56, 133.29, 132.91, 132.08, 129.93, 129.74, 129.12, 127.85, 123.55, 113.64,
70.79, 41.14, 35.09, 29.15, 28.94, 21.53;

HRMS (ESI) m/z: calculated for C;1H22N3sO [M+H]*: 332.1757, found: 332.1754.

N
994

N"So

Me  3ca

3-((5-(4-Chlorophenyl)-3,4-dihydro-2H-pyrrol-2-yl)methyl)-1-methylquinoxalin-2(1H)-one (3ca): 62.6 mg, 89% vyield as a white
solid.

1H NMR (600 MHz, CDCls): & 7.84 (ddd, J = 16.4, 8.0, 1.7 Hz, 3H), 7.55 — 7.49 (m, 1H), 7.39 (dq, J = 8.7, 6.7 Hz, 3H), 7.33 (t, J = 7.6
Hz, 1H), 7.29 (d, J = 8.3 Hz, 1H), 4.94 (tt, J = 8.1, 6.3 Hz, 1H), 3.70 (s, 3H), 3.52 (dd, J = 14.9, 6.2 Hz, 1H), 3.15 — 3.02 (m, 2H), 2.94
(dddd, J =17.2, 9.7, 7.5, 1.8 Hz, 1H), 2.32 (dddd, J = 12.7, 9.6, 7.7, 4.9 Hz, 1H), 1.78 (ddt, J = 13.4, 9.8, 7.0 Hz, 1H);
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13C NMR (151 MHz, CDCl3): 8 172.73, 159.10, 155.15, 134.82, 133.31, 132.92, 130.39, 129.96, 129.78, 128.42, 127.87, 123.58, 113.65,
70.95, 41.13, 35.14, 29.16, 29.00;
HRMS (ESI) m/z: calculated for C20H19CIN3O [M+H]*: 352.1211, found: 352.1210.

N
QX

l}l (@]

Me  3da

Methyl 4-(2-((4-methyl-3-0x0-3,4-dihydroquinoxalin-2-yl)methyl)-3,4-dihydro-2H-pyrrol-5-yl)benzoate (3da): 69.1 mg, 92% yield
as a white solid.

1H NMR (600 MHz, CDCls): 8 8.04 — 8.02 (m, 2H), 7.8-7.83 (m, 2H), 7.84 (dd, J = 8.0, 1.5 Hz, 1H), 7.52 (ddd, J = 8.6, 7.2, 1.5 Hz, 1H),
7.36 = 7.31 (m, 1H), 7.29 (dd, J = 8.4, 1.2 Hz, 1H), 4.96 (tt, J = 8.1, 6.2 Hz, 1H), 3.91 (s, 3H), 3.70 (s, 3H), 3.50 (dd, J = 14.9, 6.4 Hz,
1H), 3.17 — 3.02 (m, 2H), 2.95 (dddd, J = 17.1, 9.7, 7.4, 1.9 Hz, 1H), 2.35 (dddd, J = 12.8, 9.9, 7.8, 5.1 Hz, 1H), 1.79 (ddt, J = 13.0,
10.1, 7.1 Hz, 1H);

3C NMR (151 MHz, CDCl): 8 172.03, 166.80, 158.90, 155.14, 138.80, 133.31, 132.89, 131.57, 129.94, 129.84, 129.68, 127.82, 123.62,
113.67, 71.26, 52.29, 40.98, 35.25, 29.17, 29.03;

HRMS (ESI) m/z: calculated for C22H2,N303 [M+H]*: 376.1656, found: 376.1653.

N
L

l}l (6]

Me 3ea

3-((5-(4-Methoxyphenyl)-3,4-dihydro-2H-pyrrol-2-yl)methyl)-1-methylquinoxalin-2(1H)-one (3ea): 63.7 mg, 92% yield as a white
solid.

'H NMR (600 MHz, CDCl3): 8 7.84 (dd, J=7.9, 1.5 Hz, 1H), 7.80 — 7.75 (m, 2H), 7.52 (td, J = 7.9, 1.5 Hz, 1H), 7.33 (t, J = 7.6 Hz, 1H),
7.29 (d, J =8.4 Hz, 1H), 6.88 (d, J = 8.6 Hz, 2H), 4.95 — 4.86 (m, 1H), 3.82 (s, 3H), 3.70 (s, 3H), 3.50 (dd, J = 14.8, 6.1 Hz, 1H), 3.12
—2.98 (m, 2H), 2.95 — 2.85 (m, 1H), 2.29 (dddd, J =12.8, 9.7, 7.7, 5.0 Hz, 1H), 1.76 (ddt, J = 13.2, 9.9, 7.0 Hz, 1H);

3C NMR (151 MHz, CDCl3): 8 172.07, 161.43, 159.19, 155.16, 133.31, 132.92, 129.95, 129.75, 129.50, 127.62, 123.56, 113.73, 113.64,
70.71, 55.40, 41.22, 35.03, 29.16, 29.02;

HRMS (ESI) m/z: calculated for C21H2,N30, [M+H]*: 348.1707, found: 348.1704.

X

LK
Me  3fa

3-((5-(3-Methoxyphenyl)-3,4-dihydro-2H-pyrrol-2-yl)methyl)-1-methylquinoxalin-2(1H)-one (3fa): 65.3 mg, 94% yield as a white

solid.

IH NMR (600 MHz, CDCl): & 7.85 (dd, J = 7.9, 1.5 Hz, 1H), 7.53 (ddd, J = 8.6, 7.3, 1.5 Hz, 1H), 7.43 (dd, J = 2.6, 1.5 Hz, 1H), 7.34

(tdd, J =8.3, 6.8, 1.3 Hz, 2H), 7.32 — 7.26 (m, 2H), 6.96 (ddd, J = 8.1, 2.7, 1.0 Hz, 1H), 5.00 — 4.90 (m, 1H), 3.83 (s, 3H), 3.71 (s, 3H),

3.52 (dd, J = 14.9, 6.1 Hz, 1H), 3.14 — 3.01 (m, 2H), 2.93 (dddd, J = 17.0, 9.6, 7.4, 1.8 Hz, 1H), 2.32 (dddd, J = 12.8, 9.9, 7.8, 5.0 Hz,

1H), 1.78 (dddd, J =12.8, 9.9, 7.3, 6.4 Hz, 1H);

3C NMR (151 MHz, CDClg): 8 172.73, 159.68, 159.06, 155.15, 136.19, 133.30, 132.92, 129.95, 129.79, 129.40, 123.59, 120.63, 116.90,

113.67, 112.28, 70.89, 55.46, 41.08, 35.26, 29.17, 28.97;

HRMS (ESI) m/z: calculated for C,1H22N30, [M+H]*: 348.1707, found: 348.1706.
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X
ALX

Me 3ga
1-Methyl-3-((5-(naphthalen-2-yl)-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ga): 67.6 mg, 92% vyield as a white
solid.
1H NMR (600 MHz, CDCls): & 8.16 (d, J = 1.7 Hz, 1H), 8.08 (dd, J = 8.6, 1.7 Hz, 1H), 7.90 — 7.85 (m, 2H), 7.83 (dd, J = 7.8, 2.7 Hz,
2H), 7.55 — 7.45 (m, 3H), 7.37 — 7.32 (m, 1H), 7.29 (dd, J = 8.4, 1.2 Hz, 1H), 5.00 (dtdd, J = 8.2, 6.3, 3.8, 2.0 Hz, 1H), 3.70 (s, 3H),
3.57 (dd, J = 14.9, 6.2 Hz, 1H), 3.25 — 3.12 (m, 2H), 3.06 (dddd, J = 16.8, 9.6, 7.5, 1.8 Hz, 1H), 2.38 (dddd, J = 12.7, 9.9, 7.7, 4.9 Hz,
1H), 1.84 (dddd, J =12.7, 9.9, 7.4, 6.4 Hz, 1H);
13C NMR (151 MHz, CDCl3): 5 172.77, 159.09, 155.17, 134.47, 133.32, 133.06, 132.93, 132.30, 129.97, 129.80, 128.81, 128.34, 128.11,

127.83,127.07, 126.39, 124.92, 123.60, 113.67, 71.04, 41.17, 35.16, 29.17, 29.07;
HRMS (ESI) m/z: calculated for C2sH2>2N30 [M+H]": 368.1757, found: 368.1754.

b
L

Me  3ha
3-((5-(Benzo[b]thiophen-2-yl)-3,4-dihydro-2H-pyrrol-2-yl)methyl)-1-methylquinoxalin-2(1H)-one (3ha): 60.7 mg, 81% yield as a
light yellow solid.
IH NMR (600 MHz, CDCls3):  7.85 (dd, J = 7.9, 1.5 Hz, 1H), 7.83 — 7.79 (m, 1H), 7.79 — 7.75 (m, 1H), 7.57 — 7.49 (m, 2H), 7.40 — 7.32
(m, 3H), 7.29 (dd, J = 8.4, 1.2 Hz, 1H), 5.04 — 4.93 (m, 1H), 3.70 (s, 3H), 3.57 (dd, J = 15.2, 5.8 Hz, 1H), 3.19 — 3.07 (m, 2H), 3.01
(dddd, J =16.8,9.8, 7.2, 1.7 Hz, 1H), 2.37 (dddd, J = 12.8, 9.9, 7.7, 5.1 Hz, 1H), 1.84 (dddd, J = 13.2, 10.0, 7.2, 6.2 Hz, 1H);
3C NMR (151 MHz, CDCl): 5 167.94, 158.84, 155.13, 141.20, 139.81, 139.67, 133.30, 132.90, 129.98, 129.83, 126.42, 125.89, 124.54,

124.51, 123.61, 122.71, 113.68, 71.07, 40.79, 35.59, 29.29, 29.19;
HRMS (ESI) m/z: calculated for C22H20N3OS [M+H]*: 374.1322, found: 374.1314.

N
QX

l}l (@]

Me  3ia

1-Methyl-3-((5-(pyridin-2-yl)-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ia): 33.7 mg, 53% yield as a yellow solid.
'H NMR (600 MHz, CDCls): & 8.65 (d, J = 4.7 Hz, 1H), 8.06 (d, J = 7.3 Hz, 1H), 7.93 (s, 1H), 7.75 (s, 1H), 7.53 (ddd, J = 8.6, 7.2, 1.6
Hz, 1H), 7.41 - 7.27 (m, 3H), 5.01 (p, J = 7.5 Hz, 1H), 3.71 (s, 3H), 3.49 (dd, J = 15.7, 6.7 Hz, 1H), 3.31 — 3.02 (m, 3H), 2.39 (s, 1H),
1.83 (s, 1H);

3C NMR (151 MHz, CDCl3): & 174.76, 158.72, 155.14, 149.26, 136.69, 133.30, 132.87, 130.15, 129.94, 123.70, 122.75, 113.67, 70.85,
40.73, 34.80, 29.24, 29.00 (one aromatic carbon signal is not observed due to signal weakness);

HRMS (ESI) m/z: calculated for C1gH1sN4NaO [M+Na]*: 341.1373, found: 341.1369.

he
ALL
Me  3ja
1-Methyl-3-((5-(pyridin-3-yl)-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ja): 46.9 mg, 74% yield as a yellow solid.
IH NMR (600 MHz, CDCls): d 8.95 (s, 1H), 8.62 (d, J = 4.7 Hz, 1H), 8.15 (dt, J = 8.0, 2.0 Hz, 1H), 7.83 (dd, J = 8.0, 1.5 Hz, 1H), 7.52
(ddd, J=8.6, 7.2, 1.5 Hz, 1H), 7.35 — 7.27 (m, 3H), 4.94 (tt, J = 8.1, 6.4 Hz, 1H), 3.69 (s, 3H), 3.47 (dd, J = 14.9, 6.6 Hz, 1H), 3.16 —
3.01 (m, 2H), 2.94 (dddd, J = 17.1, 9.6, 7.4, 1.9 Hz, 1H), 2.35 (dddd, J = 12.8, 9.9, 7.8, 4.9 Hz, 1H), 1.80 (ddt, J = 13.3, 10.0, 7.0 Hz,
1H);
13C NMR (151 MHz, CDCl3): 5 170.48, 158.82, 155.12, 151.26, 149.25, 135.04, 133.28, 132.85, 130.40, 129.92, 129.87, 123.64, 123.46,
113.68, 71.13, 40.96, 35.01, 29.18, 28.89;

HRMS (ESI) m/z: calculated for C1gH1sN4sNaO [M+Na]*: 341.1373, found: 341.1366.
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X
ALK

Me  3ka
1-Methyl-3-((5-(pyridin-4-yl)-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ka): 52.6 mg, 83% yield as a light yellow
solid.
1H NMR (600 MHz, CDCls): & 8.65 (d, J = 5.1 Hz, 2H), 7.83 (dd, J = 7.9, 1.5 Hz, 1H), 7.67 — 7.61 (m, 2H), 7.52 (ddd, J = 8.6, 7.3, 1.5
Hz, 1H), 7.36 — 7.27 (m, 2H), 4.97 (qdd, J = 8.6, 6.6, 2.2 Hz, 1H), 3.70 (s, 3H), 3.48 (dd, J = 15.0, 6.5 Hz, 1H), 3.10 (dd, J = 14.9, 8.2
Hz, 1H), 3.04 (dddd, J = 17.2, 10.1, 4.9, 2.4 Hz, 1H), 2.91 (dddd, J = 17.2, 9.7, 7.5, 2.0 Hz, 1H), 2.36 (dddd, J = 12.8, 9.9, 7.8, 4.8 Hz,
1H), 1.80 (ddt, J = 13.0, 10.1, 7.1 Hz, 1H);
13C NMR (151 MHz, CDCls): 5 171.29, 158.68, 155.11, 150.28, 141.62, 133.29, 132.85, 129.93, 123.67, 121.87, 113.70, 71.45, 40.81,

34.96, 29.19, 28.89;
HRMS (ESI) m/z: calculated for C1gH1sN4sNaO [M+Na]*: 341.1373, found: 341.1370.

b
L

Me

3la

1-Methyl-3-((1-phenyl-2-azaspiro[4.5]dec-1-en-3-yl)methyl)quinoxalin-2(1H)-one (3la): 74.4 mg, 96% yield as a white solid.
IH NMR (600 MHz, CDCls): 8 7.86 (dd, J = 7.9, 1.5 Hz, 1H), 7.56 — 7.48 (m, 3H), 7.36 — 7.30 (m, 4H), 7.28 (dd, J = 8.4, 1.2 Hz, 1H),
4.85 — 4.74 (m, 1H), 3.69 (s, 3H), 3.56 (dd, J = 14.7, 6.8 Hz, 1H), 3.11 (dd, J = 14.8, 8.1 Hz, 1H), 2.45 (dd, J = 12.8, 7.2 Hz, 1H), 1.77
(td, J=13.1, 3.7 Hz, 1H), 1.73 — 1.59 (m, 5H), 1.59 — 1.49 (m, 2H), 1.43 (qt, J = 13.9, 4.9 Hz, 1H), 1.29 (tt, J = 13.1, 3.6 Hz, 1H), 1.14
(qt, 3 =13.9, 3.8 Hz, 1H);
13C NMR (151 MHz, CDCl3): 8 180.62, 159.18, 155.16, 136.07, 133.30, 132.93, 129.94, 129.76, 128.88, 128.24, 128.03, 123.54, 113.62,
66.83, 56.62, 41.87, 41.33, 35.78, 32.17, 29.15, 25.68, 23.47, 23.23;
HRMS (ESI) m/z: calculated for CsH2sN3sO [M+H]*: 386.2227, found: 386.2224.

X

I}l (6]

Me

3ma

3-((4,4-Dimethyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)-1-methylquinoxalin-2(1H)-one (3ma): 65.2 mg, 94% yield as a white
solid.
'H NMR (600 MHz, CDCls): & 7.86 (dd, J = 8.0, 1.5 Hz, 1H), 7.71 — 7.65 (m, 2H), 7.51 (ddd, J = 8.5, 7.3, 1.5 Hz, 1H), 7.38 — 7.30 (m,
4H), 7.28 (dd, J = 8.4, 1.2 Hz, 1H), 4.77 (tt, J = 8.4, 6.8 Hz, 1H), 3.70 (s, 3H), 3.56 (dd, J = 14.7, 6.8 Hz, 1H), 3.11 (dd, J = 14.7, 8.0
Hz, 1H), 2.20 (dd, J = 12.6, 6.7 Hz, 1H), 1.72 (dd, J = 12.5, 8.7 Hz, 1H), 1.37 (s, 3H), 1.34 (s, 3H);
3C NMR (151 MHz, CDCl): 8 179.80, 159.19, 155.17, 135.03, 133.30, 132.91, 129.92, 129.78, 129.42, 128.19, 128.07, 123.57, 113.63,
66.09, 50.62, 48.42, 41.50, 29.17, 27.34, 26.21,
HRMS (ESI) m/z: calculated for C2,H24N30 [M+H]*: 346.1914, found: 346.1913.

N
X

N

l

Me

3na

1-Methyl-3-((2,4,4-trimethyl-5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3na): 59.2 mg, 82% vyield as a
white solid.
IH NMR (600 MHz, CDCls): & 7.83 (dd, J = 7.9, 1.5 Hz, 1H), 7.64 (dd, J = 7.5, 2.2 Hz, 2H), 7.50 (ddd, J = 8.5, 7.2, 1.5 Hz, 1H), 7.36 —

7.28 (m, 4H), 7.28 — 7.24 (m, 1H), 3.69 (s, 3H), 3.54 (d, J = 14.0 Hz, 1H), 3.18 (d, J = 13.9 Hz, 1H), 2.40 (d, J = 13.2 Hz, 1H), 1.89 (d,
J=13.2 Hz, 1H), 1.54 (s, 3H), 1.43 (s, 3H), 1.27 (s, 3H);
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3C NMR (151 MHz, CDCl3): 5 177.34, 158.92, 155.53, 135.49, 133.26, 132.72, 129.96, 129.79, 129.10, 128.24,128.11, 123.49, 113.60,
72.81, 51.98, 51.81, 44.85, 29.35, 29.30, 28.19 (one alkyl carbon signal is overlapped);
HRMS (ESI) m/z: calculated for C23H26N3O [M+H]*: 360.2070, found: 360.2067.

X

l}l (@)

Me  30a
1-methyl-3-(2-(5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)propan-2-yl)quinoxalin-2(1H)-one (30a): 44.8 mg, 65% yield as a white solid.
1H NMR (600 MHz, CDCls): 8 7.85 (dd, J = 7.9, 1.5 Hz, 1H), 7.83 — 7.79 (m, 2H), 7.52 (ddd, J = 8.6, 7.2, 1.6 Hz, 1H), 7.41 — 7.35 (m,
3H), 7.33 (td, J = 7.6, 1.2 Hz, 1H), 7.29 (dd, J = 8.3, 1.2 Hz, 1H), 5.53 (ddt, J = 9.3, 7.5, 2.3 Hz, 1H), 3.70 (s, 3H), 2.92 (td, J = 8.1, 7.5,
2.2 Hz, 2H), 2.06 — 1.96 (m, 1H), 1.72 — 1.67 (m, 1H), 1.65 (s, 3H), 1.35 (s, 3H);
3C NMR (151 MHz, CDCl3): 5 171.86, 163.94, 154.18, 135.16, 133.45, 132.42, 130.39, 130.16, 129.73, 128.40, 127.83, 123.32, 113.43,

47.60, 35.76, 29.01, 24.50, 23.30, 20.93;
HRMS (ESI) m/z: calculated for C22H24N30 [M+H]*: 346.1914, found: 346.1911.

QX

l}l 6}

Me  3pa
1-Methyl-3-(phenyl(5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3pa): 59.8 mg, d.r. = 5:1, 76% yield as a
white solid.
1H NMR (600 MHz, CDClg): (major) & 7.97 (dd, J = 7.9, 1.5 Hz, 1H), 7.76 — 7.71 (m, 2H), 7.61 — 7.56 (m, 2H), 7.50 (ddd, J = 8.6, 7.3,
1.6 Hz, 1H), 7.38 — 7.24 (m, 7H), 7.23 — 7.19 (m, 1H), 5.52 — 5.42 (m, 1H), 4.80 (d, J = 10.3 Hz, 1H), 3.65 (s, 3H), 2.87 (ddd, J = 9.2,
6.8, 2.0 Hz, 2H), 2.12 — 2.03 (m, 1H), 1.71 (dtd, J = 13.1, 8.8, 7.0 Hz, 1H); (minor) & 7.96 (dd, J = 8.0, 1.5 Hz, 1H), 7.79 — 7.73 (m, 2H),
7.62 — 7.56 (m, 2H), 7.54 (ddd, J = 8.6, 7.3, 1.5 Hz, 1H), 7.40 — 7.26 (m, 7H), 7.24 — 7.20 (m, 1H), 5.33 (dddt, J = 10.1, 8.5, 6.7, 2.1
Hz, 1H), 4.75 (d, J = 10.3 Hz, 1H), 3.64 (s, 3H), 3.04 — 2.91 (m, 2H), 2.39 (dddd, J = 13.0, 9.5, 7.7, 5.3 Hz, 1H), 1.68 (dddd, J = 13.0,
9.8, 7.7, 6.5 Hz, 2H);
13C NMR (151 MHz, CDCls): (major) 8 173.22,161.11, 154.85, 139.35, 134.98, 133.23, 133.10, 130.41, 130.25, 129.71, 129.54, 128.44,
128.28,127.91, 127.00, 123.39, 113.57, 75.99, 53.42, 34.99, 29.29, 27.77; (minor) 6 172.90, 160.34, 154.68, 140.22, 134.96, 133.16,
132.84, 130.39, 130.33, 130.04, 129.54, 128.36, 128.31, 127.95, 126.80, 123.64, 113.69, 54.51, 35.12, 29.32, 28.62;
HRMS (ESI) m/z: calculated for C26H24N30 [M+H]*: 394.1914, found: 394.1910.

Me\N

3ga
l—MethyI—3—(2—2henyl—3a,4,5,6,7,7a—hexahydro—3H—indol—7—y|)quinoxalin—2(1H)—one (3ga): 47.1 mg, 66% vyield as a white solid.
IH NMR (600 MHz, CDCls): 8 7.90 (dd, J = 8.0, 1.6 Hz, 1H), 7.81 — 7.74 (m, 2H), 7.51 (ddd, J = 8.6, 7.2, 1.6 Hz, 1H), 7.40 — 7.30 (m,
4H), 7.28 (dd, J = 8.3, 1.2 Hz, 1H), 4.84 (dd, J = 8.9, 6.9 Hz, 1H), 3.67 (s, 3H), 3.46 (td, J = 9.5, 4.0 Hz, 1H), 3.01 (dd, J = 15.8, 7.8 Hz,
1H), 2.88 — 2.73 (m, 2H), 1.90 (dt, J = 8.8, 5.1 Hz, 1H), 1.83 — 1.71 (m, 2H), 1.68 — 1.52 (m, 3H);
3C NMR (151 MHz, CDCl3): 5 173.62, 162.91, 154.77, 135.36, 133.18, 133.03, 130.28, 130.08, 129.63, 128.35, 127.75, 123.43, 113.57,
72.32,42.92, 39.58, 37.05, 29.24, 28.31, 26.26, 20.73;
HRMS (ESI) m/z: calculated for Cz3H24N3O [M+H]*: 358.1914, found: 358.1911.

S8



X

l}l (6]

Me 3ra
1-methyl-3-((5-methyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ra): 35.7 mg, 70% yield as a yellow solid.
1H NMR (600 MHz, CDCls): 8 7.86 — 7.80 (m, 1H), 7.50 (ddd, J = 8.6, 7.3, 1.5 Hz, 1H), 7.34 — 7.28 (m, 1H), 7.28 — 7.26 (m, 1H), 4.79
— 4.62 (m, 1H), 3.68 (s, 3H), 3.30 (dd, J = 14.9, 7.3 Hz, 1H), 3.04 (dd, J = 14.9, 7.4 Hz, 1H), 2.60 (dddd, J = 17.2, 10.2, 5.0, 2.0 Hz,
1H), 2.49 (dt, J = 17.5, 8.8 Hz, 1H), 2.18 (dddd, J = 12.9, 9.9, 7.8, 4.9 Hz, 1H), 2.04 (d, J = 1.8 Hz, 3H), 1.62 (ddt, J = 13.2, 10.1, 7.1
Hz, 1H);
13C NMR (151 MHz, CDCl): & 158.87, 155.10, 133.26, 132.74, 129.90, 129.85, 123.58, 113.61, 69.89, 53.53, 40.83, 38.97, 29.15,
29.09, 19.78;
HRMS (ESI) m/z: calculated for C;sH1sN3O [M+H]*: 256.1444, found: 256.1441.

X
I}l (6]
Me 3sa

3-((5-Cyclopropyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)-1-methylquinoxalin-2(1H)-one (3sa): 47.5 mg, 84% yield as a yellow solid.

IH NMR (600 MHz, CDCls): & 7.82 (dd, J = 8.0, 1.5 Hz, 1H), 7.50 (ddd, J = 8.7, 7.3, 1.6 Hz, 1H), 7.33 — 7.28 (m, 1H), 7.28 — 7.26 (m,

1H), 4.66 (it, J = 8.0, 6.4 Hz, 1H), 3.67 (s, 3H), 3.33 (dd, J = 14.9, 6.6 Hz, 1H), 2.97 (dd, J = 14.9, 8.0 Hz, 1H), 2.39 (dddd, J = 16.8,

9.8, 5.0, 1.9 Hz, 1H), 2.28 (dddd, J = 17.0, 9.3, 7.5, 1.6 Hz, 1H), 2.11 (dddd, J = 12.8, 9.7, 7.6, 5.0 Hz, 1H), 1.85 — 1.75 (m, 1H), 1.56

(ddt, 3 = 13.2, 9.8, 7.0 Hz, 1H), 0.87 — 0.73 (m, 4H);

3C NMR (151 MHz, CDCl3): 8 179.16, 159.17, 155.13, 133.28, 132.90, 129.94, 129.73, 123.54, 113.60, 69.91, 41.03, 34.02, 29.14,

28.63, 14.60, 7.22, 7.01;

HRMS (ESI) m/z: calculated for C17H20N3sO [M+H]*: 282.1601, found: 282.1598.

N
CL X

r}l (0]

Me 3t

3-((5-(4-Ethynylphenyl)-3,4-dihydro-2H-pyrrol-2-yl)methyl)-1-methylquinoxalin-2(1H)-one (3ta): 55.2 mg, 81% yield as a white

solid after 24 h irriadation.

H NMR (600 MHz, CDCl3): & 7.84 (dd, J = 8.0, 1.6 Hz, 1H), 7.79 — 7.74 (m, 2H), 7.52 (ddd, J = 8.6, 7.2, 1.5 Hz, 1H), 7.50 — 7.46 (m,
2H), 7.35 - 7.31 (m, 1H), 7.29 (dd, J = 8.4, 1.2 Hz, 1H), 4.94 (tddd, J = 8.3, 6.3, 4.2, 2.0 Hz, 1H), 3.70 (s, 3H), 3.49 (dd, J = 14.9, 6.3
Hz, 1H), 3.16 (s, 1H), 3.13 — 2.99 (m, 2H), 2.91 (dddd, J = 17.1, 9.7, 7.5, 1.9 Hz, 1H), 2.33 (dddd, J = 12.8, 9.9, 7.8, 4.8 Hz, 1H), 1.84
—1.72 (m, 1H);

3C NMR (151 MHz, CDCl3): 5 172.03, 158.97, 155.14, 134.99, 133.31, 132.90, 132.18, 129.95, 129.84, 127.78, 124.01, 123.62, 113.68,
83.47, 78.89, 71.09, 41.05, 35.10, 29.19, 29.01;

HRMS (ESI) m/z: calculated for C;;H2oN3zO [M+H]*: 342.1601, found: 342.1598.

Me 3ab
1,5-Dimethyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ab): 54.5 mg, 82% yield as a white solid.
H NMR (600 MHz, CDCls): & 7.89 — 7.80 (m, 2H), 7.40 (qd, J=5.7, 3.1 Hz, 4H), 7.19 (d, J = 7.4 Hz, 1H), 7.13 (d, J = 8.4 Hz, 1H), 4.96
(dtd, 3=9.4,7.1, 4.8 Hz, 1H), 3.69 (s, 3H), 3.62 (dd, J = 16.0, 4.9 Hz, 1H), 3.13 — 3.03 (m, 2H), 2.95 (dddd, J = 17.1, 9.5, 7.3, 1.8 Hz,
1H), 2.68 (s, 3H), 2.38 (dddd, J = 12.9, 9.9, 7.7, 5.0 Hz, 1H), 1.79 (ddt, J = 13.3, 10.0, 7.0 Hz, 1H);
13C NMR (151 MHz, CDCl3): & 172.66, 157.00, 155.06, 138.66, 134.84, 133.26, 131.38, 130.40, 129.48, 128.46, 127.84, 124.88, 111.58,
71.05, 40.67, 35.14, 29.29, 29.00, 17.69;
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HRMS (ESI) m/z: calculated for C21H22N30 [M+H]": 332.1757, found: 332.1754.

Me 3ac
5-Methoxy-1-methyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ac): 63.3 mg, 91% yield as a white
solid.
1H NMR (600 MHz, CDCls): & 7.83 — 7.81 (m, 2H), 7.45 (dd, J = 8.1, 1.4 Hz, 1H), 7.41 — 7.34 (m, 3H), 7.21 (t, J = 8.1 Hz, 1H), 7.01 (dd,
J=8.2,1.4 Hz, 1H), 4.96 — 4.87 (m, 1H), 3.97 (s, 3H), 3.90 (s, 3H), 3.51 (dd, J = 14.9, 6.0 Hz, 1H), 3.11 — 3.01 (m, 2H), 2.92 (dddd, J
=17.1,9.5, 7.4, 1.8 Hz, 1H), 2.30 (dddd, J = 12.7, 9.8, 7.7, 4.9 Hz, 1H), 1.76 (dddd, J = 12.9, 10.0, 7.4, 6.5 Hz, 1H);
13C NMR (151 MHz, CDCl3): 5 172.67, 158.85, 156.28, 148.20, 134.81, 134.79, 130.35, 128.39, 127.85, 124.27,123.43, 122.92, 112.62,
70.90, 56.74, 40.98, 35.11, 34.77, 28.94;
HRMS (ESI) m/z: calculated for C21H2,N30, [M+H]*: 348.1707, found: 348.1704.

MeO\@NI

l}l 6]

Me 3ad
6-Methoxy-1-methyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ad): 65.4 mg, 94% vyield as a white
solid.
'H NMR (600 MHz, CDCls): & 7.84 — 7.77 (m, 2H), 7.41 — 7.33 (m, 3H), 7.32 (d, J = 2.9 Hz, 1H), 7.19 (d, J = 9.1 Hz, 1H), 7.13 (dd, J =
9.1, 2.9 Hz, 1H), 4.99 — 4.86 (m, 1H), 3.86 (s, 3H), 3.67 (s, 3H), 3.49 (dd, J = 14.8, 6.3 Hz, 1H), 3.14 — 3.00 (m, 2H), 2.92 (dddd, J =
17.1, 9.5, 7.4, 1.8 Hz, 1H), 2.31 (dddd, J = 12.7, 9.8, 7.7, 4.9 Hz, 1H), 1.77 (dddd, J = 12.8, 9.9, 7.4, 6.4 Hz, 1H);
B3C NMR (151 MHz, CDCl3): 8 172.69, 159.61, 155.96, 154.77, 134.77, 133.59, 130.35, 128.38, 127.84, 127.50, 118.80, 114.53, 111.46,

70.90, 55.82, 41.23, 35.08, 29.25, 28.98;
HRMS (ESI) m/z: calculated for C21H2,N30, [M+H]*: 348.1707, found: 348.1702.

CI\@NI

l}l 6]

Me 3ae
6-Chloro-1-methyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ae): 66.0 mg, 94% yield as a white
solid.
'H NMR (600 MHz, CDCl3): 8 7.86 (d, J = 2.4 Hz, 1H), 7.84 — 7.80 (m, 2H), 7.49 (dd, J = 8.9, 2.4 Hz, 1H), 7.43 — 7.36 (m, 3H), 7.23 (d,
J =8.9 Hz, 1H), 4.92 (qdd, J = 8.1, 6.2, 1.9 Hz, 1H), 3.69 (s, 3H), 3.49 (dd, J = 15.1, 6.3 Hz, 1H), 3.15 — 3.03 (m, 2H), 2.95 (dddd, J =
17.1, 9.6, 7.5, 1.8 Hz, 1H), 2.34 (dddd, J = 12.7, 9.8, 7.8, 4.9 Hz, 1H), 1.81 — 1.71 (m, 1H);
3C NMR (151 MHz, CDCl): 5 172.87, 160.60, 154.78, 134.71, 133.40, 132.00, 130.46, 129.71, 129.29, 128.85, 128.44, 127.85, 114.80,

70.76, 41.16, 35.13, 29.34, 29.05;
HRMS (ESI) m/z: calculated for C20H19CIN3O [M+H]*": 352.1211, found: 352.1202.

N
X

Cl l}l o

Me 3af
7-Chloro-1-methyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3af): 64.5 mg, 92% yield as a white solid.
IH NMR (600 MHz, CDCl3): & 7.84 — 7.79 (m, 2H), 7.76 (d, J = 9.1 Hz, 1H), 7.43 — 7.34 (m, 3H), 7.28 (dq, J = 3.7, 2.1 Hz, 2H), 4.91 (i,
J=8.0, 6.3 Hz, 1H), 3.66 (s, 3H), 3.46 (dd, J = 15.0, 6.4 Hz, 1H), 3.13 — 3.01 (m, 2H), 2.94 (dddd, J =17.1, 9.5, 7.4, 1.8 Hz, 1H), 2.32
(dddd, J =12.8, 9.9, 7.7, 4.9 Hz, 1H), 1.76 (dddd, J = 12.8, 9.9, 7.4, 6.4 Hz, 1H);

13C NMR (151 MHz, CDCl3): 8 172.86, 159.27, 154.85, 135.63, 134.71, 134.17, 131.42, 131.00, 130.46, 128.44, 127.86, 123.94, 113.71,
70.82, 41.10, 35.14, 29.30, 29.03;
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HRMS (ESI) m/z: calculated for C2oH19CIN3O [M+H]*: 352.1211, found: 352.1205.

Me N
X
Me N (0]
)
Me 3ag
1,6,7-Trimethyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ag): 56.5 mg, 82% yield as a white solid.
1H NMR (600 MHz, CDCls): & 7.86 — 7.79 (m, 2H), 7.60 (s, 1H), 7.42 — 7.34 (m, 3H), 7.05 (s, 1H), 4.92 (ddd, J = 8.3, 6.2, 2.0 Hz, 1H),
3.67 (s, 3H), 3.51 (dd, J = 14.9, 6.0 Hz, 1H), 3.09 — 3.00 (m, 2H), 2.92 (dddd, J = 17.0, 9.6, 7.4, 1.8 Hz, 1H), 2.40 (s, 3H), 2.33 (s, 3H),
2.29 (dddd, J =12.7, 9.8, 7.7, 4.9 Hz, 1H), 1.76 (dddd, J = 12.9, 9.9, 7.4, 6.4 Hz, 1H);
13C NMR (151 MHz, CDCl3): 5 172.64, 157.70, 155.21, 139.45, 134.83, 132.40, 131.32, 131.27, 130.34, 130.03, 128.39, 127.86, 114.23,

70.98, 41.02, 35.08, 29.06, 28.91, 20.59, 19.24;
HRMS (ESI) m/z: calculated for C22H24N3O [M+H]": 346.1914, found: 346.1911.

CI:@iN\I
Cl l}l 6}

Me 3ah
6,7-Dichloro-1-methyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3ah): 66.5 mg, 86% yield as a white
solid.
14 NMR (600 MHz, CDCl3): & 7.92 (s, 1H), 7.84 — 7.78 (m, 2H), 7.43 — 7.34 (m, 4H), 4.89 (qdd, J = 8.4, 5.2, 2.1 Hz, 1H), 3.64 (s, 3H),
3.45 (dd, J = 15.2, 6.5 Hz, 1H), 3.13 — 3.02 (m, 2H), 2.94 (dddd, J = 17.1, 9.6, 7.5, 1.8 Hz, 1H), 2.33 (dddd, J = 12.7, 9.9, 7.7, 4.9 Hz,
1H), 1.74 (ddt, J = 12.9, 10.0, 7.1 Hz, 1H);
13C NMR (151 MHz, CDCl3): 5 172.92, 160.80, 154.54, 134.68, 133.74, 132.74, 131.97, 130.77, 130.50, 128.46, 127.86, 127.29, 115.17,

70.71, 41.17, 35.15, 29.43, 29.09;
HRMS (ESI) m/z: calculated for C2oH15Cl2NsO [M+H]*: 386.0821, found: 386.0815.

X

l}l O

Me 3ai
1-Methyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)benzo[g]quinoxalin-2(1H)-one (3ai): 48.6 mg, 66% yield as a white solid.
IH NMR (600 MHz, CDCly): 8 8.32 (s, 1H), 7.94 (d, J = 8.3 Hz, 1H), 7.88 (d, J = 8.3 Hz, 1H), 7.86 — 7.82 (m, 2H), 7.58 — 7.51 (m, 2H),
7.46 (ddd, J=8.0, 6.7, 1.2 Hz, 1H), 7.43 — 7.35 (m, 3H), 5.04 — 4.93 (m, 1H), 3.72 (s, 3H), 3.56 (dd, J = 15.0, 6.2 Hz, 1H), 3.17 — 3.04
(m, 2H), 2.95 (dddd, J = 17.0, 9.6, 7.5, 1.8 Hz, 1H), 2.37 (dddd, J = 12.8, 9.9, 7.8, 4.9 Hz, 1H), 1.81 (ddt, J = 12.9, 9.9, 7.0 Hz, 1H);
13C NMR (151 MHz, CDCl3): 5 172.83, 159.61, 154.93, 134.75, 133.46, 132.22, 131.92, 130.43, 129.77, 128.86, 128.48, 128.43, 127.88,

127.70, 127.23, 125.25, 109.91, 70.95, 41.22, 35.13, 29.12, 29.05;
HRMS (ESI) m/z: calculated for C;;H24N3O [M+H]*: 368.1757, found: 368.1756.

X
N™ ~O
©) 3aj

1-Benzyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3aj): 74.5 mg, 94% yield as a pale yellow solid.

'H NMR (600 MHz, CDCl3): 8 7.86 (dd, J = 7.9, 1.5 Hz, 1H), 7.85 — 7.80 (m, 2H), 7.43 — 7.35 (m, 4H), 7.33 — 7.19 (m, 7H), 5.62 — 5.38
(m, 2H), 4.97 (dtdd, J = 8.4, 6.6, 4.1, 1.9 Hz, 1H), 3.57 (dd, J = 14.8, 6.5 Hz, 1H), 3.18 (dd, J = 14.9, 8.2 Hz, 1H), 3.08 (dddd, J = 17.0,
10.0, 4.9, 2.2 Hz, 1H), 2.95 (dddd, J = 17.1, 9.6, 7.5, 1.8 Hz, 1H), 2.36 (dddd, J =12.7, 9.9, 7.7, 4.8 Hz, 1H), 1.82 (ddt, J = 12.9, 10.0,
7.1 Hz, 1H);

3C NMR (151 MHz, CDCl3): 8 172.74, 159.37, 155.25, 135.49, 134.82, 133.18, 132.63, 130.38, 130.06, 129.74, 129.01, 128.42, 127.88,

127.72,126.99, 123.61, 114.47, 71.20, 45.98, 40.99, 35.15, 29.07;
HRMS (ESI) m/z: calculated for Cz6H24N3O [M+H]*: 394.1914, found: 394.1911.
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E
tO0C 3ak

Ethyl 2-(2-0x0-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-1(2H)-yl)acetate (3ak): 73.2 mg, 94% vyield as a white
solid.

1H NMR (600 MHz, CDCls): 5 7.87 (dd, J = 8.0, 1.5 Hz, 1H), 7.86 — 7.80 (m, 2H), 7.49 (ddd, J = 8.6, 7.3, 1.5 Hz, 1H), 7.43 — 7.36 (m,
3H), 7.35 - 7.31 (m, 1H), 7.06 (dd, J = 8.4, 1.2 Hz, 1H), 5.03 (s, 2H), 4.97 — 4.89 (m, 1H), 4.24 (q, J = 7.1 Hz, 2H), 3.55 (dd, J = 15.1,
6.0 Hz, 1H), 3.14 — 3.03 (m, 2H), 2.94 (dddd, J = 17.0, 9.7, 7.5, 1.8 Hz, 1H), 2.33 (dddd, J = 12.7, 9.9, 7.7, 4.9 Hz, 1H), 1.79 (ddt, J =
12.9, 10.0, 7.1 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H);

3C NMR (151 MHz, CDCl3): 5 172.86, 167.30, 158.93, 154.72, 134.76, 132.98, 132.43, 130.44, 130.30, 129.95, 128.44, 127.90, 123.90,
113.12, 70.88, 62.13, 43.65, 40.85, 35.15, 28.96, 14.21;

HRMS (ESI) m/z: calculated for C23H24N303 [M+H]*: 390.1812, found: 390.1804.

X,

|
3al

1-Allyl-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-2(1H)-one (3al): 63.2 mg, 92% yield as a white solid.
IH NMR (600 MHz, CDCl3): 6 7.86 (d, J = 8.0 Hz, 1H), 7.84 — 7.79 (m, 2H), 7.48 (t, J = 7.8 Hz, 1H), 7.38 (dq, J = 13.9, 6.9 Hz, 3H),
7.31(t,J = 7.6 Hz, 1H), 7.27 (d, J = 8.5 Hz, 1H), 5.94 (ddt, J = 15.9, 10.3, 5.1 Hz, 1H), 5.26 (d, J = 10.5 Hz, 1H), 5.18 (d, J = 17.2 Hz,
1H), 5.01 — 4.84 (m, 3H), 3.52 (dd, J = 15.0, 6.3 Hz, 1H), 3.18 — 3.01 (m, 2H), 2.94 (ddd, J = 17.1, 9.7, 7.7 Hz, 1H), 2.41 — 2.27 (m,
1H), 1.79 (ddt, J = 13.4, 9.9, 7.0 Hz, 1H);
3C NMR (151 MHz, CDCly): 8 172.74, 159.20, 154.71, 134.79, 133.08, 132.51, 130.87, 130.39, 130.04, 129.67, 128.41, 127.87, 123.55,
118.11, 114.21, 71.00, 44.58, 40.92, 35.13, 29.01;
HRMS (ESI) m/z: calculated for C22H2,N30 [M+H]*: 344.1757, found: 344.1750.

N
X
[Nige!
//
Z 3am

3-((5-Phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)-1-(prop-2-yn-1-yl)quinoxalin-2(1H)-one (3am): 63.4 mg, 93% yield as a white
solid.

IH NMR (600 MHz, CDCls): § 7.87 (dd, J = 7.9, 1.5 Hz, 1H), 7.85 — 7.79 (m, 2H), 7.56 (ddd, J = 8.6, 7.2, 1.5 Hz, 1H), 7.45 (dd, J = 8.4,
1.2 Hz, 1H), 7.43 — 7.33 (m, 4H), 5.06 (d, J = 2.6 Hz, 2H), 4.93 (tt, J = 8.2, 6.3 Hz, 1H), 3.51 (dd, J = 15.0, 6.3 Hz, 1H), 3.16 — 3.03 (m,
2H), 2.94 (dddd, J = 17.0, 9.6, 7.5, 1.8 Hz, 1H), 2.34 (dddd, J = 12.8, 9.8, 7.7, 4.9 Hz, 1H), 2.29 (t, J = 2.5 Hz, 1H), 1.78 (ddt, J = 12.8,
9.9, 7.0 Hz, 1H);

3C NMR (151 MHz, CDCl3): 5 172.84, 159.01, 154.11, 134.75, 133.10, 131.77,130.42, 130.11, 129.88, 128.43, 127.88, 123.96, 114.16,
77.02,73.28, 70.87, 41.00, 35.13, 31.57, 29.03;

HRMS (ESI) m/z: calculated for C;;H20N3zO [M+H]*: 342.1601, found: 342.1595.
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3an
(3aS,4R,6R,6aS)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl 2-(2-0x0-3-((5-phenyl-
3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-1(2H)-yl)acetate (3an): 114.6 mg, 95% yield as a white solid.

IH NMR (600 MHz, CDCls): 5 7.86 (dt, J = 8.0, 1.6 Hz, 1H), 7.83 — 7.77 (m, 2H), 7.50 (ddd, J = 8.6, 7.3, 1.6 Hz, 1H), 7.41 — 7.29 (m,
4H), 7.03 (dd, J = 8.4, 1.2 Hz, 1H), 6.19 (d, J = 1.3 Hz, 1H), 5.08 — 4.97 (m, 2H), 4.96 — 4.86 (m, 1H), 4.78 (td, J = 6.2, 3.5 Hz, 1H),
4.69 (d, J = 5.8 Hz, 1H), 4.35 (dddd, J = 8.9, 6.9, 4.2, 2.8 Hz, 1H), 4.06 (ddd, J = 8.0, 6.2, 1.7 Hz, 1H), 3.96 (dt, J = 8.9, 4.4 Hz, 1H),
3.89 (ddd, J = 9.4, 7.9, 3.6 Hz, 1H), 3.51 (ddd, J = 14.9, 6.2, 3.1 Hz, 1H), 3.15 — 3.00 (m, 2H), 2.92 (dddd, J = 17.0, 9.6, 7.4, 1.8 Hz,
1H), 2.31 (dddt, J = 12.6, 9.6, 7.7, 4.7 Hz, 1H), 1.77 (ddt, J = 12.9, 10.0, 7.1 Hz, 1H), 1.44 (d, J = 1.3 Hz, 3H), 1.42 (d, J = 2.0 Hz, 3H),
1.36 (s, 3H), 1.29 (d, J = 2.0 Hz, 3H);

3C NMR (151 MHz, CDCl3): 5 172.80, 172.77, 165.92, 165.91, 158.83, 158.81, 154.56, 134.69, 132.88, 132.16, 132.14, 130.38, 130.33,
130.07, 128.39, 127.82, 124.07, 113.45,112.92,109.47, 102.12, 102.09, 84.95, 82.79, 79.13, 72.73, 70.86, 70.81, 66.79, 43.51, 40.92,
40.78, 35.10, 28.95, 28.93, 27.03, 25.93, 25.19, 24.63;

HRMS (ESI) m/z: calculated for C33H3sN3Og [M+H]*: 604.2653, found: 604.2645.

N
X

N (0]
. ¢

T
MeO N 3ao

2-(2-0Ox0-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)quinoxalin-1(2H)-yl)ethyl (2S)-2-(6-methoxynaphthalen-2-
yl)propanoate (3a0): 99.5 mg, 89% yield as a white solid.

'H NMR (600 MHz, CDCl3): 8 7.79 (tt, J = 8.4, 1.6 Hz, 3H), 7.61 (ddd, J = 8.8, 5.5, 3.8 Hz, 2H), 7.51 (t, J = 2.5 Hz, 1H), 7.40 — 7.32 (m,
3H), 7.29 — 7.18 (m, 4H), 7.11 (ddd, J = 8.9, 2.5, 1.4 Hz, 1H), 7.06 (d, J = 2.5 Hz, 1H), 4.89 (qdd, J = 8.2, 6.2, 2.0 Hz, 1H), 4.53 — 4.32
(m, 4H), 3.86 (s, 3H), 3.72 (q, J = 7.2 Hz, 1H), 3.48 (ddd, J = 15.0, 6.2, 1.7 Hz, 1H), 3.09 — 2.97 (m, 2H), 2.88 (dddt, J = 17.0, 9.5, 7.4,
1.9 Hz, 1H), 2.26 (dddd, J =12.7,9.8, 7.7, 4.8 Hz, 1H), 1.79 — 1.67 (m, 1H), 1.48 (dd, J = 7.2, 1.3 Hz, 3H);

3C NMR (151 MHz, CDCl3): 5 174.61, 172.66, 158.76, 157.72, 154.83, 135.14, 134.70, 133.75, 132.90, 132.68, 130.33, 130.00, 129.63,
129.28, 128.88, 128.35, 127.78, 127.24, 126.02, 125.99, 123.47, 119.05, 113.64, 105.61, 70.88, 61.30, 55.31, 45.31, 40.93, 40.77,
35.03, 28.90, 18.38;

HRMS (ESI) m/z: calculated for C3sH34N3O4 [M+H]*: 560.2544, found: 560.2539.

CLX,

OMe
O

m

3a
gl\H/I(éthoxy—4—(2—(2—ox0—2—((5—phenyl—3,4—dihydro—2H—pyrroI—2—yI)methyl)quinoxalin—1(2H)—y|)ethoxy)benza|dehyde (3ap): 78.9 mg,
82% yield as a white solid.
IH NMR (600 MHz, CDCls): 8 9.80 (s, 1H), 7.99 (dd, J = 8.1, 1.5 Hz, 1H), 7.80 (dt, J = 8.5, 1.7 Hz, 3H), 7.62 (ddd, J = 8.3, 6.9, 1.5 Hz,
1H), 7.55 (ddd, J = 8.3, 7.0, 1.5 Hz, 1H), 7.44 — 7.34 (m, 5H), 7.08 (d, J = 8.2 Hz, 1H), 4.94 (dd, J = 5.7, 4.4 Hz, 2H), 4.89 (dddd, J =
11.9,7.7,4.7, 2.8 Hz, 1H), 4.54 (t, J = 5.1 Hz, 2H), 3.83 (s, 3H), 3.65 (dd, J = 14.2, 5.7 Hz, 1H), 3.07 — 2.95 (m, 2H), 2.93 — 2.81 (m,
1H), 2.17 (dddd, J = 12.8, 9.9, 7.7, 5.1 Hz, 1H), 1.78 (dddd, J = 13.2, 9.9, 7.2, 6.2 Hz, 1H);
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13C NMR (151 MHz, CDCl3): 8 190.97, 172.70, 155.82, 153.76, 150.11, 149.14, 139.66, 139.01, 134.66, 130.58, 130.53, 129.24, 128.59,
128.51, 127.80, 126.87, 126.71, 126.64, 112.31, 109.63, 71.38, 67.09, 64.43, 56.02, 40.18, 35.01, 28.55;
HRMS (ESI) m/z: calculated for C2gH2sN304 [M+H]*: 482.2074, found: 482.2071.

3.2 Synthesis Procedure and Characterization of Product 5

Z1 (5 mol%)
KHCO3 (1.5 equiv.)
+ _——
DMSO (0.1 M)
white LED, rt, N,
1a 4 5

An oven-dried Schlenk tube equipped with a stirring bar was charged with 1 (0.2 mmol, 69.47 mg, 1.0 equiv.), 4 (0.3 mmol, 1.5 equiv.),
Z1 (0.01 mmol, 4.19 mg, 5 mol%) and KHCOs (0.3 mmol, 30.0 mg, 1.5 equiv.). After refilling with N, repeated three times, DMSO (2.0
mL) was added through syringe. The mixture was stirred at room temperature in front of a 20 W white light LED bulb. Upon completion,
water and EtOAc were added and the mixture was stirred for 10 min. The layers were separated and the aqueous layer was extracted
with EtOAc. The combined organic layers were then washed with brine, dried over Na,SO,4 and concentrated in vacuo. The residue

was purified by column chromatography on silica gel to afford the corresponding product.

CCx
o~ ~O

5a
3-((5-Phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)-2H-chromen-2-one (5a): 49.7 mg, 82% yield as a white solid after 24 h irriadation.
'H NMR (600 MHz, CDCl3): 8 7.84 — 7.75 (m, 2H), 7.75 (s, 1H), 7.49 — 7.44 (m, 2H), 7.44 — 7.37 (m, 3H), 7.32 (dd, J = 8.3, 1.0 Hz, 1H),
7.26 —7.22 (m, 1H), 4.59 (pt, J=7.0, 2.0 Hz, 1H), 3.03 (dddd, J = 16.8, 9.9, 4.6, 2.1 Hz, 1H), 2.96 — 2.85 (m, 3H), 2.28 (dddd, J = 12.5,
9.8,7.7,4.6 Hz, 1H), 1.72 (dddd, J = 12.8, 9.9, 7.8, 6.8 Hz, 1H);
3C NMR (151 MHz, CDCl3): 8 172.99, 162.29, 153.40, 140.79, 134.62, 130.77, 130.60, 128.54, 127.81, 127.53, 127.42, 124.34, 119.79,
116.52, 71.59, 37.54, 35.16, 28.88;
HRMS (ESI) m/z: calculated for C2oH1sN,O [M+H]*: 304.1332, found: 304.1329.

N
N

N

CO,Et
5b

Ethyl 2-(4-ox0-3-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)cinnolin-1(4H)-yl)acetate (5b): 73.9 mg, 95% yield as a yellow solid
after 12 h irriadation.

IH NMR (600 MHz, CDCls): & 8.35 (dd, J = 8.1, 1.5 Hz, 1H), 7.86 — 7.79 (m, 2H), 7.67 (ddd, J = 8.7, 7.0, 1.6 Hz, 1H), 7.42 — 7.34 (m,
4H), 7.17 (d, J = 8.7 Hz, 1H), 5.10 (s, 2H), 4.78 (tt, J = 7.9, 6.0 Hz, 1H), 4.22 (g, J = 7.1 Hz, 2H), 3.40 (dd, J = 14.2, 5.8 Hz, 1H), 3.06
—2.93 (m, 2H), 2.88 (dddd, J = 17.1, 9.6, 7.3, 1.8 Hz, 1H), 2.18 (dddd, J = 12.8, 9.9, 7.8, 5.0 Hz, 1H), 1.76 (ddt, J = 13.3, 9.9, 7.0 Hz,
1H), 1.24 (t, J = 7.1 Hz, 4H);

3C NMR (151 MHz, CDCl3): 8 172.57, 170.98, 167.55, 149.64, 141.40, 134.86, 133.82, 130.34, 128.41, 127.84,126.51, 124.43, 123.08,
114.07, 71.16, 62.15, 56.78, 36.65, 35.09, 28.53, 14.19;

HRMS (ESI) m/z: calculated for C3H23N3NaO3; [M+Na]*: 412.1632, found: 412.1627.
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Bn sc
2,4-Dibenzyl-6-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methyl)-1,2,4-triazine-3,5(2H,4H)-dione (5c): 81.0 mg, 90% yield as a white
solid after 24 h irriadation.
1H NMR (600 MHz, CDCls): 5 7.81 — 7.80 (m, 2H), 7.51 — 7.50 (m, 2H), 7.41 (ddd, J = 14.7, 7.9, 6.1 Hz, 5H), 7.36 — 7.27 (m, 6H), 5.20
—5.04 (m, 4H), 4.67 (tdd, J = 9.3, 7.1, 3.5 Hz, 1H), 3.11 — 2.98 (m, 2H), 2.92 (dddd, J = 17.1, 9.7, 7.6, 1.8 Hz, 1H), 2.85 (dd, J = 14.8,
7.5 Hz, 1H), 2.25 (dddd, J = 12.7, 9.8, 7.8, 4.8 Hz, 1H), 1.67 (ddt, J = 12.9, 10.0, 7.2 Hz, 1H);
13C NMR (151 MHz, CDCl3): 8 172.89, 156.27, 149.12, 143.97, 135.98, 135.81, 134.60, 130.57, 129.55, 128.78, 128.76, 128.66, 128.51,
128.22,128.11, 127.86, 70.54, 55.39, 44.32, 37.27, 35.12, 28.81;
HRMS (ESI) m/z: calculated for CpsH27N4O, [M+H]*: 451.2129, found: 451.2127.

3.3 Synthesis Procedure and Characterization of Product 7

LFAM
@EN\ N, — Cul (10 mol%) N N N
sodium ascorbate (20 mol%) @( S N"N
l}l e + N3—FAM N o)
Me BUOH:H,0 (0.05 M) |
3ta 6 50 OC, 6 h Me 7

FAM azide 6 (cas: 1386385-76-7, 5.0 nmol, 2.29 mg, 1.0 equiv.) was mixed with 3ta (5.0 nmol, 1.71 mg, 1.0 equiv.) in 1:1 mixture of
'BUOH:H,O (100 uL). To this mixture was added CuSQO,4+5H,0 (0.50 nmol, 0.12 mg, 10 mol%) and sodium ascorbate (1.0 nmol, 0.20
mg, 20 mol%). The reaction was stirred at 50 °C for 6 h, then extracted with ethyl acetate, washed twice with dilute aqueous ammonium
hydroxide and once with brine. The aqueous layer was back extracted once into ethyl acetate. The organic layers were combined, dried

over Na,SO4, and evaporated to dryness. Then the product 7 was validated by HRMS.

3',6'-Dihydroxy-N-(3-(4-(4-(5-((4-methyl-3-0x0-3,4-dihydroquinoxalin-2-yl)methyl)-3,4-dihydro-2H-pyrrol-2-yl)phenyl)-1H-1,2,3-
triazol-1-yl)propyl)-3-oxo-3H-spiro[isobenzofuran-1,9'-xanthene]-6-carboxamide (7).
HRMS (ESI) m/z: calculated for C4sH3sN7O7 [M+H]*: 800.2827, found: 800.2823.

MHC-1#9 RT. 0.06 AV: 1 NL: 1.89E7
T. FTMS + p ESI Full ms [100.0000-1500.0000]

100 822.2634

90-]

B 823.2672
80— |

- |
70 800.2823 !
60-{ CagHazO7N7

50]
40]
30

801.2847

| 829.5262

789.5323 833.5587 848.4230
778.3465

| | | IJH

T T T T T
760 770 780 7% 800 8o 820 830 840 850 860

Relative Abundance

4 7855011
20] 790.5355 8155117 8345626 849.4275 859 5372

1851.5355 I
T

Bl 764.4523 771.4871
10+ I |
T

’ 8475388 |
T

0

Elemental Composition Results - Spectrum 1

» 8002823 (46H3807N7 39.34 3150 -047 800.28272 1 96.81 2 1 100.00 91.42
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3.4 Gram Scale Synthesis Procedure of Product 3aa and 3aj

Z1 (5 mol%)
@[ k KHCO; (1.5 equiv.) @[ I
DMSO (0.1 M)
e white LED, rt, N5, 12h
1a, 3 mmol 2a, 4.5 mmol 3aa, 875.0 mg, 92%

An oven-dried 100 mL Schlenk tube equipped with a stirring bar was charged with 1a (3.0 mmol, 1.04 g, 1.0 equiv.), 2a (4.50 mmol,
720.80 mg, 1.5 equiv.), Z1 (0.15 mmol, 62.91 mg, 5 mol%) and KHCO3 (4.5 mmol, 450.51 mg, 1.5 equiv.). After refilling with N, repeated
three times, DMSO (30.0 mL) was added through syringe. The mixture was stirred at room temperature for 12 h in front of a 20 W white
LED bulb. Water and EtOAc were added and the mixture was stirred for 20 min. The layers were separated and the aqueous layer was
extracted with EtOAc. The combined organic layers were then washed with brine, dried over Na,SO4 and concentrated in vacuo. The
residue was purified by column chromatography on silica gel to afford the corresponding product 3aa (875.0 mg, 92%).

N Z1 (5 mol%)
©i 1 KHCO, (1.5 equiv.) @ I
N DMSO (0.1 M)
Bn  white LED, rt, Ny, 12h
1a, 3 mmol 2j, 4.5 mmol 3aj, 1.12 g, 95%

An oven-dried 100 mL Schlenk tube equipped with a stirring bar was charged with 1a (3.0 mmol, 1.04 g, 1.0 equiv.), 2j (4.50 mmol,
1.06 g, 1.5 equiv.), Z1 (0.15 mmol, 62.91 mg, 5 mol%) and KHCO3 (4.5 mmol, 450.51 mg, 1.5 equiv.). After refilling with N, repeated
three times, DMSO (30.0 mL) was added through syringe. The mixture was stirred at room temperature for 12 h in front of a 20 W white
LED bulb. Water and EtOAc were added and the mixture was stirred for 20 min. The layers were separated and the aqueous layer was
extracted with EtOAc. The combined organic layers were then washed with brine, dried over Na,SO, and concentrated in vacuo. The

residue was purified by column chromatography on silica gel to afford the corresponding product 3aj (1.12 g, 95%).
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3. Mechanisms Study Experiments

4.1 Radical Trap Experiment

N
CL X
Z1 (5 mol%) l}l 0]
N KHCO; (1.5 equiv.) Me
l Tempo (2.0 equiv.) Me 3aa, 0%
v N Me

0
b DMSO (0.1 M)
white LED, rt, N,, 6h Nig”

1a Me
28 Me

381, 86%

An oven-dried Schlenk tube equipped with a stirring bar was charged with 1a (0.2 mmol, 69.47 mg, 1.0 equiv.), 2a (0.3 mmol, 48.05
mg, 1.5 equiv.), Z1 (0.01 mmol, 4.19 mg, 5 mol%), KHCO3 (0.3 mmol, 30.0 mg, 1.5 equiv.). and Tempo (0.4 mmol, 62.50 mg, 2.0
equiv.). After refilling with N, repeated three times, DMSO (2.0 mL) was added through syringe. The mixture was stirred at room
temperature for 6 h in front of a 20 W white LED bulb. Water and EtOAc were added and the mixture was stirred for 10 min. The layers
were separated and the aqueous layer was extracted with EtOAc. The combined organic layers were then washed with brine, dried
over NapSO,4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel to afford the corresponding
product.

381

2,2,6,6-Tetramethyl-1-((5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)methoxy)piperidine (3S1): 54.0 mg, 86% yield as a pale yellow solid.
H NMR (600 MHz, CDCly): & 7.89 — 7.82 (m, 2H), 7.46 — 7.37 (m, 3H), 4.45 (dq, J = 10.8, 5.2 Hz, 1H), 4.09 (dd, J = 8.7, 4.2 Hz, 1H),
3.97 (dd, J = 8.7, 5.2 Hz, 1H), 3.10 — 2.90 (m, 2H), 2.16 (dtd, J = 12.6, 9.4, 7.0 Hz, 1H), 2.10 — 2.00 (m, 1H), 1.60 — 1.27 (m, 7H), 1.23
(s, 3H), 1.17 (s, 3H), 1.12 (s, 3H), 0.96 (s, 3H);

13C NMR (151 MHz, CDCl): 8 173.21, 134.52, 130.05, 128.13, 127.49, 78.90, 72.12, 59.65, 39.40, 35.17, 33.00, 32.79, 25.68, 20.02,
19.77, 16.86

HRMS (ESI) m/z: calculated for CzoH31N2O [M+H]*: 315.2431, found: 315.2428.
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4.2 Radical Clock Experiment

N
N
z1 19 @[ I
(5 mo A>)' N o
N KHCO3 (1.5 equiv.) |
. @[ l Tempo (2.0 equiv.) Me 352 0o
N
| DMSO (0.1 M)

N
Me  \white LED, rt, Ny, 6h X
18 2a
NS0
M

e 383, 56%

An oven-dried Schlenk tube equipped with a stirring bar was charged with 5 (0.2 mmol, 91.03 mg, 1.0 equiv.), T4 (0.01 mmol, 5.0 mg,
5 mol%) and K,COs3 (0.2 mmol, 27.60 mg, 1.0 equiv.). After refilling with N repeated three times, MeCN (1.0 mL) and 2a (0.6 mmol,
140.65 mg, 3.0 equiv.) was added through syringe. The mixture was stirred at 10 °C in a freezer for 24 h in front of a 20 W white LED
bulb. Saturated NaHCO3 aqueous solution and EtOAc were added and the mixture was stirred for 10 min. The layers were separated
and the aqueous layer was extracted with EtOAc. The combined organic layers were then washed with brine, dried over Na,SO, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel to afford the corresponding product.

N
X
N~~0
Me 3s3

(E)-1-Phenyl-6-(5-phenyl-3,4-dihydro-2H-pyrrol-2-yl)hex-5-en-1-one (8): 39.8 mg, 56% yield as a white solid.

'H NMR (600 MHz, CDCl3): 8 7.95 (d, J = 7.2 Hz, 2H), 7.86 — 7.82 (m, 2H), 7.81 (dd, J = 8.0, 1.5 Hz, 1H), 7.50 (ddd, J = 8.5,7.2,1.5
Hz, 1H), 7.42 — 7.35 (m, 3H), 7.31 (ddd, J = 8.3, 7.3, 1.2 Hz, 1H), 7.27 — 7.25 (m, 1H), 5.83 (dtd, J = 14.6, 6.7, 1.1 Hz, 1H), 5.66 (ddt,
J=15.2,7.2,1.5 Hz, 1H), 4.68 (q, J = 7.0 Hz, 1H), 3.67 (s, 4H), 3.07 — 2.96 (m, 3H), 2.87 (dddd, J = 16.9, 9.4, 7.5, 1.8 Hz, 1H), 2.61
—2.52 (m, 2H), 2.24 (dddd, J =12.8, 9.6, 7.9, 5.0 Hz, 1H), 1.76 — 1.65 (m, 1H);

3C NMR (151 MHz, CDCl3): 5 173.13, 160.47, 154.94, 134.54, 133.19, 132.79, 130.56, 130.13, 129.76, 129.68, 128.46, 127.89, 123.61,
113.65, 74.39, 35.11, 33.94, 29.73, 29.46, 29.11;

HRMS (ESI) m/z: calculated for C23H24N3O [M+H]*: 358.1914, found: 358.1910.
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4.3 UV-Vis Absorption Spectroscopic Measurements

CF3
(0)
N\
L
| _ N o)
Me
1a 2a Z1

0.1M stock solutions of different startingmaterials were prepared using DMSO as solvent for measurements. The solutions with

KHCO; was stirred under N, for 1 h in dark and the supernatant was seperated for measurement.

0.8 1

0.6 1

Absorbance (a.u.)
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T T T T T T T 1
300 400 500 600 700
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Figure S1: UV/vis absorption spectra of the combination between 1a, 2a, and Z1.
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Figure S2: UV/vis absorption spectra of the combination between 1a, 2a, and Z1 with KHCOs.
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4.4 Job’s Plot Experiment

Eleven measurements with Z1 molar fraction of 0, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% of the combination of 1a
and Z1 were recorded in the solution with KHCO3. The absorbance obtained at 480 nm was selected and plotted.

0.35
0.30
0.25
0.20

0.15

Absorbance (a.u.)

0.00 T T T T T T T T
0 20 40 60 80 100

Molar Fraction of Z1 (%)

Figure S3: Job's plot of the EDA complexes with UV-Vis absorption spectrometry.

4.5 On-Off-On Experiment

A series of identical reactions between 1a and 2a were conducted under the standard conditions on a 0.2 mmol scale, using DMSO as
the solvent, and employing 5 mol% of Z1 with 1.5 equiv. of KHCO3.The mixture was subjected to sequential periods of stirring under
20 W white LED irradiation followed by stirring in the absence of light. At each time point (0.5 h, 1.0 h, 1.5 h, ..., 7 h, 8 h, 10 h), one of

the reactions was terminated and seperated, and the yields of 3aa were recoreded.

100

yield (%)

Reaction Time (h)

Figure S4: On-Off-On experiment over the time.

S20



References

1.

S.-H. Cai, J.-H. Xie, S. Song, L. Ye, C. Feng and T.-P. Loh, Visible-Light-Promoted
Carboimination of Unactivated Alkenes for the Synthesis of Densely Functionalized Pyrroline
Derivatives, ACS Catal., 2016, 6, 5571-5574.

X. Shen, C. Huang, X. A. Yuan and S. Yu, Diastereoselective and Stereodivergent Synthesis of
2-Cinnamylpyrrolines Enabled by Photoredox-Catalyzed Iminoalkenylation of Alkenes, Angew.
Chem. Int. Ed., 2021, 60, 9672-9679.

H. Mao, Y. Zhang, H. Cao, Q. Shi, Y. Lan, J. Chang and B. Zhu, Thiourea as a precatalyst for the
electron donor—acceptor complex photoactivation platform of oxime esters, Org. Chem. Front.,
2024, 11, 3204-3213.

L. Liu, N. Pan, W. Sheng, L. Su, L. Liu, J. Dong, Y. Zhou and S. F. Yin, Visible Light - Induced
Regioselective Decarboxylative Alkylation of the C(sp2)-H Bonds of Non - Aromatic
Heterocycles, Adv. Synth. Catal., 2019, 361, 4126-4132.

M.-C. Wu, M.-Z. Li, J.-Y. Chen, J.-A. Xiao, H.-Y. Xiang, K. Chen and H. Yang, Photoredox-
catalysed chlorination of quinoxalin-2(1H)-ones enabled by using CHCI3 as a chlorine source,
Chem. Commun., 2022, 58, 11591-11594.

K. Sun, A. Shi, Y. Liu, X. Chen, P. Xiang, X. Wang, L. Qu and B. Yu, A general electron donor-
acceptor complex for photoactivation of arenes via thianthrenation, Chem. Sci., 2022, 13, 5659-
5666.

Y. A. Cheng, T. Chen, C. K. Tan, J. J. Heng and Y. Y. Yeung, Efficient medium ring size
bromolactonization using a sulfur-based zwitterionic organocatalyst, J. Am. Chem. Soc., 2012,
134, 16492-16495.

K. Ishihara, M. Niwa and Y. Kosugi, Zwitterionic Salts as Mild Organocatalysts for
Transesterification, Org. Lett., 2008, 10, 2187-2190.

L. Jin, Z. Song, H. Zhang, Z. Zhou and W. Feng,
(Chlorosulfonyl)(trifluoromethanesulfonyl)imide-a  versatile building block for battery
electrolytes, Energy Advances, 2023, 2, 1122-1126.

S21



NMR Spectra

SL'1 ]
SLI
Tm.ﬁ
TeTH
€€
vm.ﬁ
v6°C 1
S6'C 1
LOE
LOE
80°€
60°€
01°€
e
0S'€
S
€6°¢€
vS€
oLe”
€6'¥
V6t
€10dD 9T'L
6T°L
0€L
TEL
€L
SE€L
om.E
LE L
8€'L Y
6¢ LA
6€° LA
mmsw
i
G.Q\
Nms;
vSL
8L
78°L -
€8
egs ]
8L ]
S8
98°L

-

o1
O |

701 |

01l

20T |

= o1

3aa

H/co.m I

Foo'1

H/hm.m .

T T T T T T T T T T T T T T T ]‘I.5 T T T T -(I)'S'

100 95 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 3.0 2.5 2.0

1.0 05 00

f1 (ppm)

S22



00°6C
L1'6T

prse”’
€1y’

S6°0L —
ceDAD9I'LL —

S.m:
wm.mﬁ /
88°LT1
8Tl
8L°6C1
96°6C1
6£0€1 7
€6°C€1
1€°€ET
8Pel
9I'SST ~
1651~

VLCLT —

3aa

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

10

10

0

f1 (ppm)

S23



6T'C
0€'C
1€°C
9€'C
16'C
6T
b0°€ 1
90°€ |
80°€ |
60°€ 1
01°€
05°'€
15°€
zs€
€5°¢

69°¢
Nm.j
LT LA

S8T°L 1
€10dD 9T'L 1
wm.:

wm.f
]

-0.5

e T R B R |
T

1.0 05 0.0

15

01|

cre

¥0'1 |
"oz |

deﬂ ) I

T60°¢ ¢

6T'L
6L
€L
1€L7
€L
PELY
PEL ]
0S°L

0S°L i
1S°'L y %w.w

S'L o1
SL -

o .
€S°L - U/ow.ﬂ i
€L Z L2 10e)

] 1071 |
1L N w

L
2L
gL -
8L
S8L
8L

FI10°1

1

Me

3ba

——
N
T T T

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

f1 (ppm)
S24



€S 1T~
v6'8C
S1°6¢
60°'s¢”
Y11y~

6L°0L —
c1OAdD 91'LL—

vo.m:
mm.mmﬁ/
G8'LCI
crecl
VL 6Cl
€6'6¢Cl1
80°CEl T
ﬁm.mmﬁ\
6C el
9¢ 01
eL'ssl ~
V1661 —

€9CLT —

Me

/4

3ba

)
P Z=-=

X

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

10

10

0

f1 (ppm)

S25



1€¢C

(494

€e'¢

£€6°C

Y6'C

€6°C

LO€

80°€ |

60°€ - u .
01°¢1

7€ Foig

0S¢

IS¢ = 90’1 |

€S

14503

oL ¢

14 0%

S6'vy

e1D0dD 9T L

6C L1

om.:

Nm.hg

]

I T R R R |

—_— o1
heoz
—_ 700°1

H0'¢ |

—

€eL

e LT
9¢" L1
LE L
8E€L 1
om.f
6€L
6¢°L
0) V0

IS°L F 6°0
ﬁm.h 7 ) i mo;.
[45 .m m/om.m

6'C

—= F66°0

Cl

|
Nw.hg pd Nnm
8L

cgs ]

€8'L ]
b8 ]
S8°L -
98°L ]
98°L

5 40 35 30 25 20 15 1.0 05 00 -05

S26

f1 (ppm)

100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 3.5 3.0 2.5 2.0




00°6C
91'6C

prse”’
€1y’

S6'0L—

eAD9I'LL —

LS LT]
8Tl
8L°6C1
96°6C1
6£0€1 7
T6'CE1
1€€ET
8Pel
SI'GST ~
01651~

SO¢Cll
wm.mmﬁ/

€LCLT —

10

0

10

f1 (ppm)
S27

Cl
3ca

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




Se¢C
Se¢C
76'C
96'C
60°¢
or'¢
¢
e
8V ¢

e ———— | )

67°¢ 1
0s°¢
cs'e
0L’¢
16°¢
96t
€10aAD 9T’L
8T'L
8T'L
0€'L 1
0€ 'L 1
ﬁm.:
Tm.ﬁ
L
veL
VELY
0S'L
1S°LA
CS'LA
TSN

s'L
€L
€L
€8°L
mws/
p8 L
v8° L]
98°L
98
8L

=

88°L 1
208 ]
€08 |
€0'8

v0'8 -

COOMe

3da

=

ke

5

!
L
B

|

L

)
L

I

01|

I'1]

01

I'ct

01

0¢t

I'e

01

60

01l

01

60/

0'¢

61

100 95 90 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5

1.0 05 0.0

f1 (ppm)

S28



€062
L1°6T
svse’
86°0v 7

6C°CS —

9CIL—
eDAD9I'LL —

h@.m:
N@.mmﬁ/
¢8° LTI
89°67CI
¥86¢CI

v6°6C1

Ls1et f
%.Nﬂ\
E.mﬂ\
08°8€1

p1°SST—
068517
08°991 ~
€0'TLT ~

COOMe

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

10

0

10

f1 (ppm)

S29



SL'T
9L'T 1
9L 11
6C'C1
67T
0€C
L8 T
06T
06'C

S.Ng

mo.m;

—_—

90°€
LOE
80°€
01°¢
8¢
@.m/
0S¢
E.m\
o».m\
8¢
06"t
ww.f/
8891
689
€10AD 9T'L ]
8T'L 1
om.j
€L
€EL
bEL
0S'L
0S'L
sL
sL
mm.:ﬁ
€S L
9L°L ]
LL 'L
8L°L
p8°L ]
8L ]
$8°L1
8L

OMe

—

001

00T

10°1

Orlr

z00°[

V0T |

Jdm.o

0 05 00 -05

1.0 05 0.0

T T T T T T T T T T T T T T T ll.5 T

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 3.0 25 2.0

f1 (ppm)

S30



20°6C
91°6C
cosg”’
Ty’

0v'sS —

[L°0L—

eDAD9I'LL —

VO eIl
eL el
9¢°¢Tl
¢9°LTI
0s'6¢CI
SL6TI
S6'6CI
co'cel
[eeel

—— e o

9I°'SST —
61°6S1 7
v 191

LOTLT ~

10

0

10

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

f1 (ppm)
S31

OMe
T T T T T T T




80°¢
60°¢ 1
01°¢ 1
cle
IS°¢
(4983
€S'e
143
L€
€8¢
$6'91
969 1

L69 1
L6'9

L6'9

L6°9 1
LT L1
8T L 1
6C L 1
6C L 1
6C L
0¢’L
€L
1€L1
VEL
Ye L

b LA
SE'L
SEL
S
9¢°L
9¢°L
€vL
€vL
e
bh L
zsL)
€5°L 1
€L
csL ]
c8'L ]
S8°L
98°L -

98"

OMe

FLOT|
601 |

90°1 |

NSl

JVo'l

St

261°¢

201

H\eo.ﬁ |
'

[awal

20T

01/

ﬂo.ﬂ

T T T T T T T T T T T T T T T T ll.o T OI.5 T ()I.O T _(:I).5

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 2.0

1.5

f1 (ppm)

S32



L6°8T
L1°6T
9z se”
80 1¥ 7

9GS —

68°0L —
cDAD9T1'LL —

8CCII
LO9°CTT

06'911
€9°021 /
65 €Tl /
0t 6l /
6L°6Z1 W
$6'6C1
T6'TEl
0€ €€l \
61'9€1
SI'SSTA
90°65 1~
89°651

€L CLT —

OMe

3fa

|

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

10

10

0

f1 (ppm)

S33



SI°E
91°¢ |
L€
96°¢€ 1
LS€E
8S°€
65°€ |
OL'€ ]
€10AD 9T°L 1
ST L1
ST'L1
0€°L 1
0€°L
bEL
bEL
vei
SELA
stL |t
6vL 1
6v°L 1
6L 1
0S°L
0S°L
1S
1S°L7
1S°L
€51
€511
8L
€8°L
b8L
98°L
98°L
LSL
LSL
88°L
88°L
88/
L0'8
L0°8 ]
60'8 |
608 ]
91°8
91°g "

FoOT1 |

190'7 |

01

0cCr

= 701

g

0]

N
N

X

3ga

Me

—700°€ T

~< 1860

- F66°C

61

10°¢

60
— 01t

oo

T T T T T T T T T T T T T T T T ll.o T ()I'5 T ()I.O T _(I)'5

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

1.5

f1 (ppm)

S34



LO'6T
L1°6T
o1's¢”/
LT TV

b0 1L
€10aD E.E/
LYEIT
09°€T1 1
T6VTI T
6€9CI 1
LOLTI 1
€8°LT1 1
11°8T1 |
bE8TI
:w.wﬁi
08°6C1 7
L66TI /m
0€TEl
€6'CE1 !
90°€€1
TeEel
LY el
L1'SST ~
60651~

LLTLT —

| IIJI

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

10

10

0

f1 (ppm)

S35



60°€ 1
01°€
I1°€ T
€1°¢
€1°¢
Ss°€
95°¢
8S°€
6S°€
0L€ 1
€10dD 9T'L 1
6T L

S R R

6C L1
0¢’L
0¢’L
CE L
CE L
€e L
€€ L1
YEL 1
vm.:
mm.f
SELT
9¢°L
9¢'L |
[S°L
CS'L
CS'LA

€5°L
€57,
bSL
bSL
LL'L
Es/
SL L
8L L
SL L]
18°L ]
78°L ]
8L
p8°L ]
S8°L -

PN/
N\
(4]
=
w 2
2 L2

98"/ 1
98, ]

A o

A

—

H0'1 |

O |

101

Kot

4€0°1

0¢t

Foo'1

0’1
kho.m -

786°1

60
60
(O

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.5

1.5

f1 (ppm)

S36



61°6C
67°6C

6S's€”
6L°0% 7

ho.ﬁh/
cDAD9T'LL

89'€11 Y
1L°TTI 1
19°€T1 1
1SHTT
PS T
68°ST1 1
TroTl
€8°6C1
86°671
06'CE1
om.mm;

L9°6E1

18°6€1

0T I¥1 D

—

€1°5ST 7
v88s1 7
b6 LOT ~ o

3ha

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

10

0

10

f1 (ppm)

S37



80°¢
01°¢ 1
01°¢ 1
I1°¢
I1°¢
cl'e
¢’
€T°¢ ]
YT e
ve e
mm.mg
STE
YA
9T'¢
SY'¢
69°¢
69°¢
IL°¢
CcL'e
00°¢
10°S
c0°S
c1odoO @N.R;
6C L1
6C L
0¢L 1
1€
mm.hy
€eL
PEL
SELY
SE LA
152\
¢SL
€S'L
€S'L
€S'L
bSTL
#m.h;
mh.h;
508 ]
oo.w;
59'8 ]
mo.w;

-

~< F66°0 |

S ket

S berel

2 0’1

J

== k0l

- J60°€ |

- 7601

- o1l
_JIT60
0Ort

01|

FOCE |

0 05 00 -05

1.0 05 0.0

T T T T T T T T T T T T T T T ll.5 T

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

f1 (ppm)

S38



00°6¢C
YT 6T

08'vc”
€L oy

$80L—

cOAD 9T LL—

ho.m:
mh.NNM /
0L°¢Cl
TSl
v6°6C1
SIo¢l
L8TEL 7
0ceel \
69°9¢1
9T 6vI1 ~
VPI'SST ~
CL'8ST —

AL VLT —

—

—d

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

: _10.

10

50 40 30 20

0

1 gpm



S€°T
9€'T
$6'C
80°€
01°¢
e
e
SE
'€ |
LY'€
8¢
69°€
b6t

c10dd 9¢’L

8C'L
8C'L
6C°L
0€"L 1

0¢ L1
0¢L 1
ﬁm.:
Tm.ﬁ
Nm.j
€eL]
€L
0S°L 1
0S°L 1
1S°LA
CSL
[4

€SL , =z
(435 Y

(4305

€]°L =7

. @
v8L -

v1'8 O
SI'S 7

SI'8
91°'8
91'8

91’8
19°8
29’8
$6'8

oL

izamdl

F€0'1

Y60z |

FO'I

Firet

Feo1

w/mo.m |

o1

01

Mot

H\oouﬁ

H\ooﬁ.

0 05 00 -05

1.0 05 0.0

T T T T T T T T T T T T T T T ll.5 T

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

f1 (ppm)

S40



68'8C
81°6C
10°s¢”
96°0%

el'lL—
eDAD9I'LL —

89°€T1
9y €T
v9'€T1
L8°6T1
76°621
0¥ 0€1
$8'TEI
8T ECL T
v0'SEl
STOVIA
9T’ 1ST —
1SSt
zs'8s1”/

8V OLT —

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

10

10

0

f1 (ppm)

S41



Se€C
9¢°¢C
LET
16°C
€6°C
70°¢
60°€ |
01°€
I1°¢1
[AR%
ov'¢

LY ¢

6v'¢ 801 |
0S¢
0L'€ S0 |

L6'Y - wmf
€10AD 9T'L T 01|

6T L1 7201
6T L1 Mgl
0€L 1
om.:
TE'L

|

1)

_A

A

For|

ceL
mm.m; - ECO'I
€€L 1
Ye L
YeLA
ﬁm.hg
1S°L1
TSL B
cot N
€S°L 7 = /50°C}
S L 8 - 7€0'1
i o ™ 200!
v9°L — Yoo
vo.hg z z-=

591 @
8L ;

|

Foz|
8L ]
vwi
b8°L

19°8 -
59'g ]

5 40 35 30 25 20 15 1.0 05 00 -05

S42

f1 (ppm)

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0




68'ST
6162

96 ¢ 7
18°0v 7

S IL—
ceDAD9I'LL —

0L ETT ~
L8121

B.mﬁw
€6°6T1
$8TE T
6T €€

9 1p1 7
8T0ST ~
11°SST —
89°8S1

6C ILI —

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

10

10

0

f1 (ppm)

S43



ST
2917
91 1
€9°1 1
€9'1 1
€9°1 1
911
$9'1
99°1
891
€v'C
SH'T
9b'C
60°€
01°¢
e
€re
bSe
96°¢
LS'E
85°'¢
6L
LTL
LT LA
6T L1
6C L1
TEL
mm.j
PEL T
PEL
vm.h)
SELA
SR\
1S°L

1S°L

sL

€L
€5°L 1
bSL
_—
c8'L ]
98°L
L8L]
1871

| e 2= g

o

o1 |

01}

(4%

(R

Ao

0 05 0o b3

1.0 05 0.0

T T T T T T T T T T T T T T T ll.5

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 3.0 25 2.0

f1 (ppm)

S44



€T€T
S.mmk
89°6T ~
ST'67—
S.Nmm
R

mm.:%
LT

9°9¢ \
€899 —
cDAD9I1'LL /

c9°¢cll
vSeECl
€0'8¢ClI
vCT8¢CI
88°8CI
9L76C1
v6'6C1
€6'Ccel
oceel
LO9¢E1
91°6ST ~
81651 —

s e

9081 —

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

10

0

f1 (ppm)

S45



ve 1
LE T
0L T
LT
LTy
VL1
61°C

0c¢
1C¢
(44

ﬁ

0r'e
e
e
€1°¢
0L €
LLY

€10dD 9T L1
LT LA
8T L1
6C L1
mm.:
Tm.f
LE°LT
CELT
€L
YeEL
SE€ LA
mm.f

SELA
9¢°L
0S°'L
0S°'L
1S°L
1S°L
I1SL

L9°L

891
89°L
89°L 1
69°L -
c8°L ]
S8°L -
98°L

—

L8°L"

i

jH\m

ﬂlﬂmr—u
=4

=1z

(4

=

Me

Me
3ma
]

X

o

0 -0.5

1.0 05 0.0

e
el
01
01|

0T}
01
el

OrLr

01
0¥
01
0|
01

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 2.0

1.5

f1 (ppm)

S46



ﬁm.om/
veLT
hﬁ.mm\
0S I~
(471N
908 —

6099 —

eDAD9I'LL —

LO'8CI
61°8CI
recl
8L°6CI1
c6°6CI1
[6cel
0oc el
€0's¢el
LI'SST ~
61651 —

€9ell
hm.mmﬁ/

08°6L1 —

Me

3ma

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

10

10

0

f1 (ppm)

S47



LT
15
14205
L8 11
061 1
6€°C1
I
LT°E
0C’¢
€s'¢e
SG'¢
69°¢
STL
STLT
om.ﬁ
€IDAD 9T L 1
9T L1
LT L
6T L1
6T L1
om.:
Tm.ﬁ
]

ceL
€ELT
€€
Ve L
PEL
veL
Se'L
8L
6v'L
6v'L
0S°L
0S'L

1S,
€9,
$9°/ ]

9/ 1
$9°L ]
5971 ]
781 ]
8L
€8°L ]
€8

(4

;

233
— (o)
1.0 0.5 0.0 -0.5

I'T|
6'¢|
01
0C|
60

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 3.0 25 2.0

1.5

f1 (ppm)

S48



61°'8¢C
o.mdm/
ge6¢

S8 P~
I8°1¢
86°1¢S

18°CL~
eAOD9I'LL—

09'€T1
6v €T
[1°8CI ;
LT'STI
vT'8TI Y
01°6C1
6L6TT ¢
96°621 7
TLTET \
97 €€
61'SET
€5°6ST ~
T6'8S1~

VELLL —

Me
3na

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

10

10

0

f1 (ppm)

S49



SE 1
911
E.ﬁ
a.ﬁ
Nm.ﬁ
c6'C
€6'C

€6°C
v6'C
oL¢
€SS
€SS
€10ddD 97T'L
6CL
6CL
0€L
0€L
€L
[€L1
€e L
mm.hg
vm.hg

veL
LEL
LEL
8¢'L
8¢'L
8¢'L
6¢L
IS°L
IS°L
cS'L
cSL
cSL
I[8°L~

182

18°L
8L ]
78°L -
8L ]
p8°L ]
S8°L 1
98°L ]

98, ]

Me Me

u 10°¢

—=—%€0'C

— F00'I

3 .507¢|

_ I
AN

FO'Et

ANE
60!

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05

1.5

f1 (ppm)

S50



€6°0T
0€'€T
om.vmw
10°6T

oLse’

09°Ly —

€1DAD 9T LLA
wLL”

mv.m:
Nm.mmﬁ /
€8°LTI
0v'8¢CI
€L6cCl
91°0¢l
6¢£0¢l
[4A4%! \
Sveel
91°6¢l

g1ps1/
6 €91 ~
98 TL1

Me Me

3o0a

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

10

0

f1 (ppm)

S51



L8 T
L8 T
hw.ﬁ
ww.ﬁ
m@.ﬁ
0811
1811
1TL1
CT L
ST'L1T
ST'L1T
9T L 1
€10aAdD 9T'L
9T'L
9T'L
8CT'L
6C'L
6T'L

0€'L
1€°L
zeL
e
€€°L
€€L
€€L
€€L
pEL
SEL
9¢L
0S°L
8S°L
8S°L
85~
65'L
65°L
€LL
€LL
bL L
bL L]
Ll
96L ]
L6°L -
86°L
86°L

3pa, major

o1}

01

1861 |

F96'C |

60|

FL6°0

01
Lt

860

296

61
H/h@.o .

0 05 00 -0.5

1.0 05 0.0

T T T T T T T T T T T T T T T ll.5 T

100 95 90 85 80 75 7.0 65 60 55 50 45 40 3.5 3.0 2.5 2.0

f1 (ppm)

S52



LL LT~
67677
66 ¥€

res —

66°'SL

€1DAD 91°LL Y|
LS'ETL
6€°€TT 1|
00°LTT 1
16'LTT 1
8T'8TI |
bb8TI 1
rS'6C1 f
17621
STOEI
1+°0€1
01 €€T
mm.mﬁ\
86 V€T
SE6ET

S8 VSI —
[T 191 —

CTELT —

3pa, major

T T T T T T T T T T T T T T T T T T ]f()' T

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

: _10.

0

f1 (ppm)

S53



L6
L6°T
86°C 1
v9°¢ 1
VLV
9LV 1
CC L
€T LA
€10dD 9T L 1
9T L1
9T L1

LT L
8C°L
8C'L
0eL
€L
ceL
€eL
SEL
SEL
9¢’L
9¢’L

1

]

LEL
LEL

LE LA
8€'L 1
8€°L T

A

€SL
vSL
vSL
8S°L
8S°L
8S°L
6S°L

65°L
SLL

SL'L

9L°L"
LLL
L1 L]
S6°L
96°L
L6L
L6L”

3pa, minor

o1

o'l

Foc

90°¢ |

FIO L |

Ko |

01

H\hﬁ.h.

01

0°Ct

uﬁo.m

o1+t

0 05 00 -0.5

1.0 05 0.0

T T T T T T T T T T T T T T T 1I.5 T

100 95 90 85 80 75 7.0 65 60 55 50 45 40 3.5 3.0 2.5 2.0

f1 (ppm)

S54



79'8T
ze6t’
crse’

[Svs —

19°9L
€10dD S.E%
69°€11
$9'€TT 1
08'921 1
S6'LTT
1€°8T1
9€'8TI 1
¥S'6T1 (
$0°0€1
€€0€1
6€°0€1
¥8'TET

3pa, minor

T T T T T T T T T T T T T T T T T T io' T

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

: _10.

0

f1 (ppm)

S55



8S°1 1
65T 1
09'T T
09'T |
LLT
8L 1
8L11
6L°T 1
$8°C
$8°C
66°C
00°¢
L9°€
L9°€E
V811
12078
€IDAD 9T'L 1
9L 1
LT L
LT L
8T'L
8T'L 7
mm.j
mm.j
PELA
SEL
SEL A
9€L ]
9¢°L
9¢"L
LEL
6t"L
1S°L
1S°L
1S°L
LL'L
LLL
SL 'L
8L ]
8L L
68°L -
68°L
06°L 1
167"

—

—

—

M\
°SN

3qa

H\:.m

1602 |
1 h01

Loz |

Ao .

J00°1

1€ |

16670 |

0’1

0¥ |

H,wmo;
61
uw/2:

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

1.0 05 00

1.5

-0.5

f1 S(Eé)m)



£L°0T
9T9T
1€°87~
vzec”
SO'LE —
85°6€ 7/
6Tk

CelL —

cOAD 91'LL —

hm.m:
mv.mmﬁ /
SLLCI
SE8CI
€9°67ClI
80°0¢1
8C°0¢l

mo.mmﬁx
8I'eel
9¢°G¢El
LLYST —

16791 —

COELT —

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

10

10

50 40 30 20

0

f1 S(E'Pm)



09°1
1971 §
291 1
291 1
€91
79711
€0°C
70°C 1
L1'C ;

]

81°C
a.mz
617 CH\
om.mk
09T~
20°€
€0°¢
b0'€
IX3
8T'€
6C°€
1€°¢
e
89°¢
LY
9T L
€10AD 9T°L -
LT L1
LTLA
6TL 1
6L
€L
TE LA
Nm.h/f
S
m:&
0S°L ﬁ
0s°L
0S°L
162
1]
78]
8L
€8]
b8 L

N

Me

@]
3ra

o
Z-=

Jhw%

A

0 05 00 -05

1.0 05 0.0

T T T T T T T T T T T T T T T ll.5 T

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

S58



8L'61 —
60°6C
S1°6T
L6'8E
€8°0% —

€ses —

6869 —
cOAdD9T'LL —

19°¢lT
86°¢CI
¢8°67ClI
oa.mmﬁk
VLTET ~
9T el /

OL'SST ~
L8'8ST —

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

10

10

0

f1 (ppm)

S59



9T Ly
€10dD 9T 1
9T L1
LTLA
LTL
6T LA
6T LA
0€°LA
zeL
zeL
ww.L\
8L ﬁ
6v'L
0S°L
0SL ]
1gL -
18°L ]
8L
€8°L 1
€L

BTy

yLO'T

y€0'T |

H\mouﬂ

LO°T ¢

01

H/ho.ﬁ

HOT |
SLE

o1}

(e

01
Hf

01}

%001

0 05 00 -05

1.0 05 0.0

T T T T T T T T T T T T T T T 1I.5 T

100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

S60



L
091~
€9°8T ~
b167”
zove’
€01y~

16769 —
cSOAdD 91'LL —

09°€1T
pS €T

€L’ 67Tl

v6'6C1 /
06°CET ~
8¢ el /

eSSl ~
LT°6ST —

9T°6L1 —

N
(@]
3sa

N
b
Me

X

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

: _10.

0

f1 (ppm)

S61



€6'C
80°¢ 1
60°¢ 1
or°'¢
[4 3
91°¢
LY €
81'¢
05°¢ 1
IS¢
0L ¢
vm.j

e ———

€10ad 9L
8T'L
6T L
0¢L
0¢L
ceL
e L
€C L
mm.:
mm.hi
vm.j
veL
8V'L 1
8V"L 1
6% L 1

—

6L ]
0S'L
1S°L
1S°L
zsL
sL
s'L
€S°L
9L°L 7
9L L]
LL L
LL 'L
8LL ]
€L |
8L
S8L

58’

3ta

—

A

U]
oo

J60°L |

LTC

60

fm.m.

FLOT

01
0Tt

0¢

o1t
AM:
01}

T T T T T T T T T T T T T T T T ll.o T ()I.5 T OI.O T _(I).S'

100 95 9.0 85 80 7.5 70 65 60 55 50 45 40 3.5 3.0 2.5 2.0

15

f1 (ppm)

S62



10°62C
61°6C

orse’
SO 1y

60 1L~
CIOAD 91" LLA
68°8L~
LY €87

w@.m:
N@.mmﬁ /
10°¥CI
8LLTI
¥8°67CI /
$6°6CI
8I'CEI ¥
0o6cel
[eeel
66 Vel
PI'GST ~
L6'8ST —

€0'CLT —

3ta

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

10

0

10

f1 (ppm)

S63



8LI T
6LT 1
6L1 1
08'I |
LETH
8€°T
8€°T
89'C

mm.mé

96°C

96°C 901

L6'C

90°€ FLOT|

90°¢ e

LO°¢ #8071

80°¢ == INe 4
]

60°€
01°¢
09°€
19'¢
€9°¢
€9°¢
69°¢
96y
96
L6y
€1°L
P1LA
81°L 1
61°L1

€100 9T'L A

8€°L ) o1
8€ LA = 30011

o y 20°1
6€°L z o '
@m.L g |

o o
/

—= 0’1

——a rr

ot'L §
oL

:ui
Iv'L m\@
b8/ |

p8°L -
S8°L 1
S8L
98°L

B—
N
N
1
Me

1.0 05 0.0 -0.5

T T T T T T 1.5'

S64

f1 (ppm)

100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 2.0




69° L1 —

00°6Z
67677
p1se’
L90v 7

SO'IL—
cDAD91'LL —

wm.ﬁ:
ww.vN~ /
V8 LCI
9Y'8CI
8Y°6CI
0v°0eT A}
8CIEl
9T ¢l N
P8l \
99°8¢1

90°SST ~
00°LST”

99°CLT —

I

|

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

10

10

0

f1 (ppm)

S65



6TC
0€'C
1€°¢C
€6°C
S0°€
S0°€
90°¢ |
LO°E ]
80°€ 1
67°€ -
0S¢

3

zse

68°¢

06°¢

L6°€

Nm.j
00°L 1
10°L
20°L
20°L
0T'L
17°L
€T LA
9¢'L |
LEL
LE LT
LELT
LEL
8€L

€L

€L

6€°L

6€L

rrL]
by L ﬁ
ov'L ]

9L
18,1
182}
78, ]
8L
8L
€8

S S T T R |

———— e

DT_VOA I

—= F80°[ |

— H/@o;

—= #80°¢

= FI0'1

(4

= Il
J m\mﬁ.m .

T T T T T T T T T T T T T T T T lI.O T OI.5 T ()I.O T _OI.S'

100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 3.5 3.0 2.5 2.0

1.5

f1 (ppm)

S66



P6'8T
LLYE
1rse’
86°0% 7

VL 9SG —

06°0L —
cOAD 9T°LL —

%.N:
N@.NS/
€v €Tl
LTYTI

S8°LTI /
6€°8T1
sgocr”
6L VET

IS PET

0T 8¥1 —
8T'9ST
S8'8ST —

LOTLT —

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

10

10

0

f1 (ppm)

S67



€10ddD 97T'L

0¢'C
1¢¢
|E4
€6°'C
So'¢
LO'E
80°¢ 1
60°¢ 1
01°¢
LY €
8Y'¢
0s°¢
IS¢
L9°E
98°¢
€6’V
cl'L
Cl'LA
€l'L 1
V1L
61°L
0T’L

S S T T T |

e ——

Nm.j
Ce LT
YE L
SELY
SELY
9¢" LA
9¢°L

9¢°L

9¢°L

LELAE
LE L]
wm.L
8€°L ﬁ
mmi

6€°L

18°L
182}
18° ]
Z8°L
8L
8L’

3ad

Me

oy
Fer|

HIT'I

H,mm.N i

JLO'

+60°€ |

1€

60’1

Joo'I

€01t

Jmi
(R 3:
I'c

A

T T T T T T T T T T T T T T T T ll.o T ()I.5 T OI.O T _(I).S'

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 30 2.5 2.0

15

f1 (ppm)

S68



86°'8T
ST6T
80°s¢”
€TIv

¢8°GS —

06°0L —
cDAD9T'LL —

3ad

Me

10

10

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

80 70 60 50 40 30 20

0

f1 (ppm)

S69



VTL
€100 9T'L |
LE L
LE LA
8€'L 1
6L
6¢L 1
6€ L1
0b°L |
0t'L 1
0pL
4L
4L
8L
8L
6L
os2f
8L
8L
78°L -
€8
cgs ]
€8°L
98°L ]
98°L

Rk

—
.

)

."M

o

01|

0°1

Y60z |

701

e}

o'l

k::

ToE

001

0cC|

60

.5 0.0 -0.5

1.0 05 0.0

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

15

f1 (ppm)

S70



S0'6T
vE6¢
erse’
91’1t~

9L 0L —
eDAD9I'LL —

v 8TI
$8°8C1
67621
1,621
9 0€1 m
00°CET
0 €El
1L PET
8L HST —
09°091 —

08 VIl
mw.hmﬁ/

L8CLT —

3ae

N
N
Me

Re

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

10

10

0

f1 (ppm)

S71



1€°¢C
ce'C
€e'e
¥6'C
¥6'C
S6'¢C
90°¢ 1
90°¢ 1
80°¢ 1
60°¢ 1
or'¢
S¥'¢
o' ¢
LY €
8¢
99°¢
6%
6%
€10dD 9T 'L 7
LT LA
hm.:
hm.f
]

I T R R B |

——

8T'L
8T'L
6T L
SELA
9€°L 1
LELY
LE LA
BE'L 1
wm.h)
8€L
6€°L
6€L
6€L
0b'L

SLL]
9L°L"
08°L]
08"
182 ]
18°L-
18°L
8L

N

=

FOTT

EIT

F0'1

!

90°1

Fre|

FSO'1

J20°C|

}o1°¢

01}

0'¢

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

1.0 05 0.0 -0.5

1.5

f1 (ppm)

S72



€0°6C
0€°62C

pise”/
o1’ 1y’

¢8°0L —
ceDAD9I'LL —

98°LTI
142 11!
9 0¢cl
oo;mﬁ%
TrIel 7,
LTvEl
[LvEl
€9°sel
S8YSI ~
LT6ST —

ILET
vm.mmﬁ/

98 CLI —

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

10

10

0

f1 (ppm)

S73



wm.ﬁ
om.ﬁ
0€°C
€€
0¥
16°C
¢6°C1
€6'C1
€0°¢1
mo.mg
€0'¢
y0°¢
SOo'¢
SO'¢
SO'¢
LOE—
6v'¢
0s°¢
Nm.m*
€s'¢
L9°¢

6y
mo.j/

€100 9T°L
SEL
9¢L 1
9¢°L 1
LELA
LEL
LELY
€L
€L
€L
6L
6cL ]
65°L
65°L
09°L -
78°L ]
8L
78, ]
€8°L
€8L ]
€8

.

E—

—

>7
O

/
z Z
] we
= =

3ag

o
-=

=
B

Frory

Il

el
re|

HO'T

H/OM.N.

90T

=90°¢|

=01

=201

760°€ |

=00°1

90'C|

0 05 00 -0.5

1.0 05 0.0

T T T T T T T T T T T T T T T ]‘I.5 T

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

f1 (ppm)

S74



RIRY
6507
1682
90°67
80's¢/
017

86°0L —
cOAD 9T°LL —

6¢°8CI
€0'0¢cl
veocel
LTIEL
(435! V
ov'cel
e8vel \
Svoecl
[TSST ~
OL'LST

eTrll
ow.hmﬁ/

VO CLT —

Me

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

10

10

0

f1 (ppm)

S75



YL 1 1
SL'T1
9L 1
€671
€€
140
¥6°C1
X
96'C
oo.mg
90°€ 1
90°¢ ﬁ
80°€ |
60°€
01°€
a3
Spe
9p'¢
?.m\
b9'¢
68t
68V
68t
06t
€10AD 9T'L 1
SELA
9¢°L 1
om.f
LE LA
LE LA
wm.h)
8¢ LA
6L\
6€L]
6€L ]
oviﬁ
0t'L
6L L]
08°L]
08
08 ]
18°L-
18°L
z6°L "

————

FITT}

60°1

601

Cl

Jin"

== F90°1

He |

HJN.N i

BI'E|

A%
_ H\Nﬂ.m I
=001

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

1.0 05 0.0 -0.5

1.5

f1 (ppm)

S76



60°6T ~,
cv6z”’
s1se”
LT TV

[L°0L—

cDAD9I'LL —

98°LCI1
9Y°8CI
0s°0¢1
LLOEI
L6'TETL F
vLTEL
VL EET
89 vel
122225
08091 —

LT'STI
mm.hmﬁ/

C6'CLT —

10

0

10

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

f1 (ppm)
S77

Cl




1€
el
V1€
Sl'e
1283
gs'¢e
LS €
86°¢
cL'e
c10dD 9C L+
LE LA
8¢ L1

8€°L1
8€°L

6€°L

6€L
6€L 1
0L
0L
StLA
9L
9L
9L
Ly'L
Ly L]
€L
€5°L1
€S°L

)

LA

bS'L
bS'L
bS'L
'L
95°L
€8°L
€8°L
bS'L
bS°L
bS°L
58°L ]
L8°L]
88°L |
€6°L

mmi
7€°8

IJ

o1 |

ERO'I

o1

H/NM.N i

0T

OIEt

Feo'l

el
1

61T

0c|
ol
H/ooA

01|

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

1.0 05 0.0 -0.5

1.5

f1 (ppm)

S78



S0°6C
16T

erse’
iy’

S6°0L
CIDAD 9T'LL
16601 7
STSTI
€TLTI T
0L'LTT
88°LTI 1
€V'8CI
8Y°8TI
98'8CT1 1
LL'6TI A
€t 0T
T6'1€1 /W
TTTE
9t €€ f
SLPET

—

€6’ vSl —
[9°6S1 —

€8CLT —

(@]
3ai

N
b
Me

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

10

10

0

f1 (ppm)

S79



91°¢
8¢
61°¢
0C’¢
gs'¢e
9¢°¢
8¢°¢
65°¢
L6’V
61°S 1
¢SS
CC LA

T L
VL
VL
ST'L
STL
Yol
LT L
LTL
8T'L
8T'L
6T'L
6L
0€'L
€L
9¢°L
LEL
LEL
8€L
6€°L
6€°L
0t'L
0t'L
T8LA
€8°L
€8°L ]
€8s
8L -
b8°L ]
cgs ]
98°'L ]
L8L

L8°L"

L

- vI0°1

0’1

Feo1 |

o1 |

o

566°¢€
61!
0’1

0 05 00 -0.5

1.0 05 0.0

T T T T T T T T T T T T T T T ll.5 T

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

f1 (ppm)

S80



LO6C
SI'se—
66 0 ~
86°SY ~

0T'1L
€10dD S.E/
LY P11 7
19°€T1 |
66'921 |
TLLTT
88°LT1
T8l |
10°6C1 ;

b 6T
90°0€ 1
8€°0€T
€9Z€1
Sree1
Nw.vm%
6bSET

STSSI ~
LE6ST —

VLCLT —

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

10

0

f1 (ppm)

S81



9T’ 1
LT
wm.:
80°¢
60°¢
or'¢
[4 I3
€S'¢e

120
9¢°¢ 1
LS €1
€T
YT
ST¥
9Tt
€0°S
SO'L
90°L
LO'L
LO'L
1101€10) om.:
mm.ﬁ
]

SEL

18

8€°L1T
8L
SEL T
6¢€ L1
@m.f
6€L
ov'L

ov'L

6t'L
6t'L
6t°L
TS L~ 7
s
mwi o
€8°L \
Z Z

P8 -
b8'L ]
98°L ]
L8L]
88°L ]
88,

3ak

EtOOC)

ore|
o1

LT |

201

0¢Cr

re0'l

oy

€01 |
o'z |

01 .

10°1 |

0'¢
o'l

102

01

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

05

1.0 05 0.0

1.5

f1 (ppm)

S82



[cvl—

96°8¢C ~
SI'se~
g8 0r ~\
SOy —

€179
88°0L ~
CIDAD 9T°LL~

86°TEI -
ﬁ.vm%
TLbST
€6'8S1 \
0€° LT \
98°TLI

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

10

10

0

f1 (ppm)

S83



(494
1494
v6°'C
S6'C
90°¢
0o1°'¢
e
€1 ¢
14NN
1S°€

e ——— ] )

[4°3
€S'¢e
14583
06t
16'v
16'v
1611
mm.j
Yo'V 1
f.j
mﬁ.mg
STSH

LTS
€6°S
v6°S
€I0dD 9T L~
LT LA
8CLY
0€L 1
1€ LA
€e L
9¢"LA

LE L

wm.&
@m.g
e

Ly L]
Sy L]
0sL
182}
78, ]
€8°L
$8°L 1
L8°L"

=

|

I

ivd
i3
&

14!

P2

(4

F

f

(O

all

01

0¢Cr

01

o€/

01

01/

60

01

0Tt

6°¢C

0T}

61

(O

T T T T T T T T T T T T T T T T T T T _OI.S'

100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

1.0 05 0.0

1.5

f1 (ppm)

S84



[0°6C—
erge~
6°0v ~
8Svy —

00 1L—
cOAD 9T°LL —

1Yl
11811
SS €Tl
L8'LTI
1+°8C1
L9°6T1
£0°0€1
6€°0€1
LS'OET F
1S°Z€l
80°€€1
6L Y€l
ILHST ~
0T'6ST —

VLCLT —

3al

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

10

10

0

f1 (ppm)

S85



6C'C
6C'C
0€C
60°¢
or°'¢
e
€re
6v'¢
0S¢
[4R%
€s'¢
So’S
90°¢
SeL
9¢'L
9¢'L
9¢"L 1
LE LT
LE LT
8€L 1
wm.:
mm.hf
]

——— e 1)

6€°L
6€L
0L
Yy L
S
oL
9L ]
bSL

bSL

SSL

96°L

95°L

T8LA
s f
8L
€8,
cgs ]
€8'L ]
98°L ]
98°'L ]
L8L
88,

—

¥86°0
0T

<
Q\
)
Q\
<
o
)
(o]
<
<t
o
<t
<
g
o
)
<
O
o
O
<
o~
E
~
<
o0
)
o0
<
o)}
b
o)}
2
S
—

6°¢|

01

2001 |

61

Z0°1 |

1.0 05 0.0 -05

15

~
g
o
o
N’
—
[

S86



€0°6T
LS1E~
crse’
00 1v 7

L8 0L

wN.mhM

CO'LL
cDAD9T'LL

88°LTI
ev'8¢Cl1
88°67CI
Iroct
rocel
hh.ﬁmﬁ\
or¢ect
SLYEl
[TPST —
[0°6ST —

OT'vII
cm.mmﬁ/

V8 TLI —

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

10

10

0

f1 (ppm)

S87



6C 11
YA
9¢'1 1
AN
vl
4%
SY'1Y
mm.mf
om.mi
L6°¢
9011
90V 1
8911
69V |
LLY
8LV
C0°S 1
€0°¢S
€0°¢S
619
619
c0’L
0L
v0'L |
Y0°L 1
Ve L
Se'L
9¢°L
9¢’L
9¢LA
LEL
LEL
8¢°L

3€°L
@ms\
o f
08°L
08°L]
08°L -
182}
182 ]
18°L ]
98°L
L8°L "

5

960 |

100 95 90 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05

1.0 05 0.0

f1 (ppm)

S88



€91
61°ST
£6'ST
€0°LT
£€6'8T
$6'8T
01°SE\
8L 0
260
rser/

6L°99
:w.on/
@w.onk
€LTLA
€10AD 9T°LLA
€1°6L~
6L°78 7

S6'H8

60201

21201
LY601 ~,
6T~
sverr’
LOYTI ~
78 LTI
ocsz1 f
LO°0€T 7
€€ 0ET
g€0¢1 4
PITEL
E.Nmi
88°CEL |

69 b1

95 ¥S1
18°8S1
€881 |
16'S91
26°S91
LLTL
08°CL1

—

—_—

[ S S S

10

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

10

80 70 60 50 40 30 20

0

f1 (ppm)

S89



8Y' 1
8Y'1
611 |
ot 1
c0'¢
70°€
cL'e
€L’e
98°¢
90°L 1
90°L 1
1T LA
1TL1
€T’L
YTL
vTL
ST L1
STLA
9T LAl
9T L1
€10dadd om.:
om.f
]

)

—

SE'L
SELA
SELA
9¢L 1
9€°L -
9¢°L
1S°L
1S°L
sL
09°L
09°L
19°L
19°L 7]
9L
0L
SL L]
6L L]
08°L
08°L ]
08°'L ]
18°L
187,

[

0'¢

o1t
oy

120'7 |
Moz

J66°0

¥SO'T |

FI1e

Fov

16670 |

01}
1071

vilvy

Mo

el

L6'C |

T T T T T T T T T T T T T T T ll.5 T T T T _(I).S'

1.0 05 0.0

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

f1 (ppm)

S90



8¢'81
06°8T
€0°S€
LL OV
€6°0%
€SP
1€°6S
0€°19
88°0L
CIDAD 9I°LL
19°501
RN
SO'611
LY €TI
66'STI |
T0'9TI |
vTLTT
8L LTI 1
SE8TI T
88°8TI
8T6CI
€9°62C1
00°0€1
€€0¢1
89°C¢€I
06°C€1
SLEETf
0L PET \
v SEl
€8°YST \
TLLST ~
oL'gs1”/

99°CLI ~
19vLT 7

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

10

10

0

f1 (ppm)

S91



66T
00°€ 1
20°€ |
€9°€
r9€ ]
99°€ |
L9'€E
€8°¢ 1
£5°F |
S |
SSP
€6t
€6t
b6y
b6y
LOL
60°L
€10aD 9T°L
LEL
LEL
8€°L 1
8EL
6¢€° L1
6€L
ov.hg
:u.hg
4L
L
€vL
SSL
SS°L
79°L
79°L
6L'L
08°L ]
08L ]
1821
S.L
18°L
86°L
36°L ]
66°L ]
mai
08°6

—

N

3ap

Cr

N

OMe H
(0]

OHC

FO1 |
11}

ZORtl
hsoz|

¥IO'1

Rso¢ |

#C0°C

607

0¢

01|
H\oa.v .

01

10T [

sl

oot |

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 25 20 1.5 1.0 05 0.0 -05

1.0 05 0.0

f1 (ppm)

S92



gS8C—
[0°6¢ ~
810 ~

c0'9¢

8¢ 1L

€9°601

ﬁ

cDAD9T'LL
!

€T
¥9°9C1 1
1L°9TI 1
L8'9TI
08°LT1
15°8C1

65'8T1
PT 6Tl 7
€5°0€1 1

—r

8S0CT N

W

99'bET
10°6€T ~
99°6c1 7/
PI6vT ~
110s1 7

on.mmﬁx

¢8°SS1

0LCLT —

L6061 —

|

|

3ap

OHC

}

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

10

10

0

f1 (ppm)

S93



STL
€10d0D om.;
9T'L
9T'L 1
1€°L 1
1€°L 1
TEL
TEL
€L
6€L
0t"L
0b'L
0b'L 1
0L
I L1
1¥L ]
:u.f
WL
StL
StL
m:/
'L
oL T
S.L
L¥'L ﬁ
8p°L ]
1L
78°L -
8L ]
e/ ]
€8°L
€8, ]
bg°L

F60°1 ¢
oty

7S1€]|
h60°1 |

01|

01
0°¢
0°¢

AMOA
0¢C|

M\N\Mo.ﬁ

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05

1.5

f1 (ppm)

S94



88°'8C ~
9T°SEN
vSLE T

6S 1L —
cDAD9T1'LL —

(421!
6L°611
vevel
v LTI
€S'LTI
[8°LCI
VS8CI —

09°0¢I
hh.omﬁ\
No.vmﬁ\
6L 01
o' €Sl —

6T 091 —

66°CLT —

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

10

10

0

f1 (ppm)

S95



€C 1
I{A %
ST'1 1
8171
vo.ﬁ
S6'C1
om.mﬁ
L6°T 1
8¢ €7
6€°¢1

Iv'e
NV.m#

0Ty

|

——

ITv
(44
Yoy
01°61
91°L
LT°L
€I0AD 9T L 1
om.:
om.f
hm.j
8€°L1
8E'L
6¢L 1
0L
mo.:

§9°LA
99°L
L9°L
L9°L
89°L
89°L

8L
Nwsw

8L
€8°L
me
€8°L

peg
pe's ]

o

mm.w%
ge'8

01

= FI0']

= F00'Ct

— F66°0 [

CO,Et

5b

— 20T

= z00°[
ﬂ A

FL6'E

—— 960

L Tﬁm-m L
Feoty
Hra|

0C|

5861 |

T T T T T T T T T T T T T T T T ll.o T ()I'5 T ()I.O T _(I)'5

100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 2.5 2.0

1.5

f1 (ppm)

S96



61 vI—

€5'8T ~
60°SE
$9°9€ -

8.°96 7
S1z9”
91 TL~
€IDAD 9T LL A~

LOPIT
wo.mﬁ/
P HTl
1591
P8LTI
17871
PE0ET
8°E€l
98" b€l \

ov.:l\

b9 611

SSLIT A
86°0LT ~
Lszit’

5b

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

10

10

0

f1 (ppm)

S97



¥8'C1
$8'T]
98T
L8'C]
90°€ 1
LO€
80°€ |
60°€ |
90°S 1
60°51 0T |
11°S
SIS
/1S - 701
€10dD 9T'L
6T'L
0€"L A
0€"L A
0€"L 1
1€°L7
1€°L1
TeL
TeL
Te'L
€€L1 = 60t
€€L1
€e L
vEL
6t°L
0L 1
ot'L
1L
€v'L
€v'L o —— 10

vt L —— [0°¢
{ 5 1 Vet

0Tt

01
Yooe|

== k00T |

0S'L
0S'L
0SL _
15, o Y
1$°L z—
08" o
08°L -
18°L
18721
182"

I
Bn

Bn<

5 40 35 30 25 20 15 1.0 05 00 -05

S98

f1 (ppm)

100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 2.0




18°8C —
TI'SE~
LTLE”
vy —

6¢°5S —

vS 0L —
eDAD9I'LL —

98'LTI
11°8T1 1
TT8TI |
15'8T1 |
99'871 7
9L'8TI A
8L°8T1 |
$s'6T1 7
LS OET k
09'b€1
18°6€1
86'SE1
L6'EP1
S.QE\
LTOST
68°CTLT —

Bn<

Bn

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

10

10

0

f1 (ppm)

S99



96°0
48
L1
€Tl
ﬁm.ﬁg
1
€1
St
Ly
Sl
0S'1
b0°C
50z
90°C
L0°T]
91°C
L6C
36'C
6671
00°€ ]
20°€
20°€
€0°¢
bO'€
96°¢ -
L6°€ ]
86°€ -
66°€ 1
30°t
60't
IR
R
Stb
Stb
€10dD 9T°L
6L
ov'L
ThL
Nwi
€L
cgs ]
98°L ]
LS'L
L8°L)

I S S—

—m

S S S S S
e

(3

'l

Hiz

1860
H,Mwo.o

InHHHQWN@AV

Me
O

Me
E;;jii
M
© Me

381

— F0°¢

J 500'C

kom.m.
¢
Teet

L9}

1071t

T T T T T T T T T T T T T T T T II.O ()I.5 T OI.O T _(I).S'

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 3.0 2.5 2.0

1.5

f1 (ppm)

S100



9891 /
LL61
NO.ONV
89°CC—
6L°C¢E
00°¢E
hﬁ.mm*

or6¢
$9°6S —

T~
€10AD 91°LL~
06'8L~"

6V LTI
€1'8¢CI
SI'8¢CI
so0¢l
(423!

—e

ITELT —

Me

Q\l
M
eMe

= —

381

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

10

10

0

f1 (ppm)

S101



LS'T
70°€ |
70"€ |
S0°€ |
S0°€ |
S0°€ |
90°€ |
90°€ |
L9°E
89°€ 1
ST'L
9T'L
€10d0 9T'L
9T'L
LTL
LTLA
0EL T
1€°L1
€L
€L
TeL]
€¢°L A
1

8€L
wﬂhg
8L
8€ L1
6€ L1
mﬂhg
6€°L
0v'L
e
4L
0S'L
omsw
0S'L}
08°L"
08°L
8L
78°L ]
€8
€8L -
8L ]
b8 L
8L

FoT1}

BIr

780°C

JCCT T

Hee

383

-=< 1001 |

(14!

= TE

clt

wmo.ﬁ
0z

— F€6°€ |

¥96°0
= 56670 |

T T T T T T T T T T T T T T T 1I.5 T T T T -OI'S'

100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 2.0

1.0 05 0.0

f1 (ppm)

S102



I1rec
9v°6¢C
€L'6T
1 R%3
[1°se

— N

6E VL~
cOAD 91'LL”

SO'ENT |
19°€21 |
68°LT1 4/
9p°8T1 1
89°671 |
9L°621 1
€1°0ET
95°0€1 /f
6L°TE1
61°€El
bSHET
b6 HST —
LY'09T —

—

[

eleL] —

383

0 10

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

: _10.

0

f1 (ppm)

S103



