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Experimental Section

Unless otherwise noted, all synthetic steps were performed under the air
atmosphere using Schlenk tubes. The materials obtained from commercial sources
were used without further purification. '"H NMR and “C{'H} NMR spectra were
recorded on a Brucker Advance III HD 400 MHz spectrometer in CDCl; or DMSO-ds
solution. All chemical shifts were reported in ppm (9) relative to the internal standard
TMS (0 ppm). High-resolution mass spectra (HRMS) were acquired in electrospray

ionization (ESI) mode using a TOF mass analyzer.

Characterization Data of Products

3-(p-tolyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinoxaline
(3a)

oy

N —Ts

’/
o N Yield: 77%: Yellow solid; "H NMR (400 MHz, CDCls): & 7.95 (d, J =
8.3 Hz, 2H), 7.41 (dd, J=8.2, 1.1 Hz, 1H), 7.38 (d, J= 8.1 Hz, 2H), 7.22 (dd, J = 2.6,
1.4 Hz, 1H), 7.16 (td, J = 8.1, 1.3 Hz, 1H), 7.07 (d, J= 7.9 Hz, 2 H), 6.93 (d, J = 8.1
Hz, 2H), 6.80 (td, J = 8.0, 1.3 Hz, 1H), 6.61 (dt, J = 3.4, 1.2 Hz, 1H), 6.54 (s, 1H),
6.42 (t,J = 3.3 Hz, 1H), 6.33 (dd, J= 8.1, 1.2 Hz, 1H), 2.47 (s, 3H), 2.32 (s, 3H). “C
NMR (101 MHz, CDCls): 0 156.80, 144.75, 141.12, 132.10, 130.02, 129.56, 129.00,
128.93, 126.96, 126.48, 124.29, 124.19, 123.70, 122.24, 115.64, 115.49, 111.69,
108.08, 73.01, 21.75, 21.50. HRMS (ESI): m/z caled for CaHyN40,S [M+H]"
455.15299, found: 455.15246; IR (KBr): 2922, 1596, 1504, 1338, 1184, 1170, 760
cm™.
3-phenyl-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinoxaline
(3b)
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CL X
N N/TS

=N

Yield: 69%; Yellow solid; 'H NMR (400 MHz, CDCls): 0 7.96 (d, J =
8.3 Hz, 2H), 7.45 — 7.37 (m, 4H), 7.28 (t, J = 7.0 Hz, 2H), 7.24 (dd, J= 2.7, 1.4 Hz,
1H), 7.16 (td, J = 8.1, 1.2 Hz, 1H), 7.05 (d, J = 7.2 Hz, 2H), 6.79 (td, J = 7.8, 1.1 Hz,
1H), 6.63 (d, J = 3.6 Hz, 1H), 6.57 (s, 1H), 6.44 (t, J= 3.3 Hz, 1H), 6.30 (dd, J = 8.1,
1.2 Hz, 1H), 2.48 (s, 3H). *C NMR (101 MHz, CDCL): J 156.63,144.82, 132.08,
130.81, 129.98, 129.60, 129.11, 128.96, 128.28, 126.90, 126.51, 125.27, 124.12,
124.06, 123.71, 115.66, 115.50, 111.74, 108.18, 73.01, 21.77. HRMS (ESI): m/z
caled for CysHyoN40,S [M+H]™ 441.1380, found: 441.1386; IR (KBr): 2924, 1594,
1504, 1348, 1176, 1164, 763 cm™.

3-(4-fluorophenyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quino
xaline (3c)
sodl
=N
F Yield: 80%; Green solid; 'H NMR (400 MHz, CDCls): 6 795 (d, J =
8.3 Hz, 2H), 7.43 (dd, J= 8.2, 1.2 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.23 (dd, J=2.7,
1.5 Hz, 1H), 7.19 (td, J = 7.9, 1.3 Hz, 1H), 7.07 — 7.02 (m, 2H), 7.00 — 6.93 (m, 2H),
6.82 (td, J = 8.0, 1.3 Hz, 1H), 6.61 (dt, J= 3.5, 1.3 Hz, 1H), 6.58 (s, 1H), 6.43 (t, J =
3.36 Hz,1H), 6.31 (dd, J = 8.1, 1.2 Hz, 1H), 2.48 (s, 3H). °C NMR (101 MHz,
CDCls): 0 165.27, 162.76, 155.87, 144.92, 132.14, 131.39, 131.30, 130.12, 129.63,
128.89, 126.80, 124.18, 123.88, 123.79, 121.35, 121.32, 115.79, 115.73, 115.58,

115.51, 111.79, 108.24, 73.05, 21.77. HRMS (ESI): m/z calcd for CasHioFN4O,S
[M+H]" 459.1286, found: 459.1291.

3-(4-chlorophenyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quino
xaline (3d)
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ol Yield: 74%; Yellow solid; '"H NMR (400 MHz, CDCls): 6 7.94 (d, J
= 8.3 Hz, 2H), 7.43 (dd, J=8.1, 1.0 Hz, 1H), 7.39 (d, J = 8.1 Hz, 2H), 7.27 (d,J= 1.9
Hz, 1H), 7.25 (d, /= 1.9 Hz, 1H), 7.23 (dd, J= 2.7, 1.4 Hz, 1H), 7.19 (td, J = 8.0, 1.3
Hz, 1H), 7.00 (d, J = 8.5 Hz, 2H), 6.83 (td, J = 8.0, 1.2 Hz, 1H), 6.62 (d, J = 3.5 Hz,
1H), 6.58 (s, 1H), 6.44 (t,J = 3.3 Hz, 1H), 6.32 (dd, J= 8.1, 1.1 Hz, 1H), 2.48 (s, 3H).
BC NMR (101 MHz, CDCL): d 155.69, 144.92, 137.15, 132.14, 130.49, 130.12,
129.63, 128.90, 128.67, 126.82, 126.78, 124.16, 123.82, 123.72, 115.81, 115.58,
111.82, 108.29, 73.08, 21.77. HRMS (ESI): m/z calcd for C,sH;9CIN;0,S [M+H]"
475.0990, found: 475.0992; IR (KBr): 2929, 1597, 1506, 1400, 1338, 1171, 752 cm’".

3-(4-bromophenyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quino

xaline (3e)

oy
N N/TS

=N

Br Yield: 71%; Yellow solid; '"H NMR (400 MHz, CDCls): § 7.94 (d, J =
8.3 Hz, 2H), 7.45 — 7.41 (m, 3H), 7.39 (d, J = 8.2 Hz, 2H), 7.23 (dd, J = 2.6, 1.4 Hz,
1H), 7.19 (td, J = 8.2, 1.2 Hz, 1H), 6.93 (d, J = 8.5 Hz, 2H), 6.84 (td, J = 8.0, 1.2 Hz,
1H), 6.62 (d, J = 3.5 Hz, 1H), 6.58 (s, 1H), 6.44 (t, J= 3.3 Hz, 1H), 6.33 (dd, J = 8.1,
1.1 Hz, 1H), 2.48 (s, 3H). °C NMR (101 MHz, CDCls): d 155.75, 144.93, 132.13,
131.62, 130.66, 130.11, 129.63, 128.90, 126.84, 126.76, 125.51, 124.19, 124.16,
123.84, 123.81, 115.82, 115.59, 111.82, 108.30, 73.09, 21.77. HRMS (ESI): m/z
caled for C,5H9BrN4O,S [M+H]" 519.0485, found: 519.0489, ([M + 2], 521.0468);
IR (KBr): 2924, 1597, 1506, 1352, 1338, 1171, 764 cm™.

3-(4-iodophenyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinoxa
line (3f)
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I Yield: 72%; Yellow solid; 'H NMR (400 MHz, CDCLs): 6 7.94 (d, J =
8.2 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.43 (dd, J = 8.2, 0.8 Hz, 1H), 7.38 (d, J = 8.1

Hz, 2H), 7.23 (dd, J= 2.5, 1.3 Hz, 1H), 7.19 (td, /= 8.1, 1.2 Hz, 1H), 6.84 (td, J = 8.1,
1.1 Hz, 1H), 6.79 (d, J = 8.4 Hz, 2H), 6.61 (d, J= 3.5 Hz, 1H), 6.58 (s, 1H), 6.44 (t, J
= 3.3 Hz, 1H), 6.33 (dd, J = 8.0, 1.0 Hz, 1H), 2.47 (s, 3H). C NMR (101 MHz,

CDCl): 0 155.87, 144.92, 137.53, 132.12, 130.62, 130.10, 129.62, 128.90, 126.82,
126.76, 124.76, 124.17, 123.85, 123.82, 115.81, 115.58, 111.81, 108.29, 97.60, 73.10,
21.77. HRMS (ESI): m/z calcd for CosH oIN4O,S [M+H]™ 567.0346, found: 567.0349;
IR (KBr): 2929, 1591, 1508, 1458, 1331, 1171, 755 cm™.

1-tosyl-3-(4-(trifluoromethyl)phenyl)-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[
3,4-c]quinoxaline (39g)
o
=N
FsC Yield: 70%; Yellow solid; "H NMR (400 MHz, CDCls): J 7.95 (d, J
= 8.2 Hz, 2H), 7.55 (d, J = 8.2 Hz, 2H), 7.43 (dd, J = 15.4, 8.0 Hz, 3H), 7.25 (d, J =
2.1 Hz, 1H), 7.20 (d, J = 8.1 Hz, 3H), 6.83 (t, J = 7.5 Hz, 1H), 6.63 (d, J = 1.2 Hz,
1H), 6.62 (s, 1H), 6.45 (t, J = 3.2 Hz, 1H), 6.30 (d, J = 7.6 Hz, 1H), 2.49 (s, 3H). "*C
NMR (101 MHz, CDCls): 0 155.39, 145.04, 132.13, 130.13, 129.67, 129.66, 128.99,
128.91, 126.98, 126.68, 125.36, 125.32, 125.28, 125.25, 124.04, 123.89, 123.66,
115.89, 115.64, 111.87, 108.41, 73.18, 21.77. "’F NMR (376 MHz, CDCls) & -63.05.

HRMS (ESI): m/z caled for Cy6H 9F3N40,S [MJrH]+ 509.1254, found: 509.1260; IR
(KBr): 2929, 1591, 1508, 1356, 1325, 1171, 730 em’™

3-(4-nitrophenyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinox
aline (3h)
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O2N Yield: 69%; Green solid; 'H NMR (400 MHz, CDCl3): 6 8.15(d, J =
8.9 Hz, 2H), 7.96 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.1 Hz,
2H), 7.28 (d, J = 8.8 Hz, 2H), 7.26 — 7.19 (m, 2H), 6.84 (t, J = 7.6 Hz, 1H), 6.65 (s,
1H), 6.64 (d, J= 3.5 Hz, 1H), 6.46 (t, /= 3.3 Hz, 1H), 6.30 (d, /= 7.9 Hz, 1H), 2.49
(s, 3H). >C NMR (101 MHz, CDCl3): 6 154.61, 149.10, 145.17, 132.13, 131.60,
131.14, 130.37, 130.20, 129.75, 128.88, 127.23, 126.57, 124.46, 123.94, 123.91,
123.48, 123.45, 116.05, 115.72, 111.95, 108.56, 73.26, 21.80. HRMS (ESI): m/z
caled for CasH oNsO4S [M+H]™ 486.1332, found: 486.1331; IR (KBr): 2922, 1597,
1512, 1423, 1371, 1348, 750 cm".

4-(1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinoxalin-3-yl)benzo
nitrile (3i)
se @l
—N
NC Yield: 70%; Yellow solid; "H NMR (400 MHz, CDCl3): 6 7.94 (d, J =
8.2 Hz, 2H), 7.58 (d, J = 8.5 Hz, 2H), 7.45 (d, J = 8.1 Hz, 1H), 7.41 (d, J = 8.0 Hz,
2H), 7.25 (d, J = 2.8 Hz, 1H), 7.20 (d, J = 8.3 Hz, 3H), 6.84 (t, J= 7.5 Hz, 1H), 6.62
(s, 2H), 6.45 (t, J=3.2 Hz, 1H), 6.29 (d, J= 7.9 Hz, 1H), 2.49 (s, 3H). *C NMR (101
MHz, CDCl;): 6 154.80, 145.12, 132.11, 132.05, 130.16, 129.89, 129.73, 128.87,
127.15, 126.61, 123.90, 123.49, 117.71, 116.00, 115.69, 114.75, 111.93, 108.51, 73.21,
21.79. HRMS (ESI): m/z caled for CosH oNsO,S [M+H]" 466.1332, found: 466.1331;
IR (KBr): 2929, 2229, 1591, 1508, 1400, 1375, 1338, 1167, 758 cm™.

3-(4-methoxyphenyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]qui

noxaline (3j)
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MeO Yield: 72%; Yellow solid; 'H NMR (400 MHz, CDCls): 0 7.95 (d, J
= 8.3 Hz, 2H), 7.42 (dd, J = 8.1, 1.4 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.23 (dd, J =
3.1, 1.5 Hz, 1H), 7.18 (td, /= 7.8, 1.4 Hz, 1H), 7.00 (d, J = 8.8 Hz, 2H), 6.83 (td, J =
8.0, 1.3 Hz, 1H), 6.77 (d, J = 8.9 Hz, 2H), 6.61 (dt, /= 3.5, 1.2 Hz, 1H), 6.54 (s, 1H),
6.43 (t,J=3.3 Hz, 1H), 6.36 (dd, J= 8.1, 1.2 Hz, 1H), 3.78 (s, 3H), 2.47 (s, 3H). °C
NMR (101 MHz, CDCls): 0 161.40, 156.54, 144.72, 132.15, 130.71, 130.11, 129.55,
128.92, 126.99, 126.51, 124.40, 124.25, 123.70, 117.22, 115.67, 115.48, 113.65,
111.71, 108.07, 73.02, 55.32, 21.76. HRMS (ESI): m/z caled for C,sH22N4O3S
[M+Na]™ 493.1306, found: 493.1307; IR (KBr): 2929, 1577, 1524, 1406, 1346, 1169,
756 cm™.

3-([1,1'-biphenyl]-4-yI)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]q
uinoxaline (3k)

sl

=N

Ph Yield: 57%; Yellow solid; '"H NMR (400 MHz, CDCl;): 6 7.98 (d, J =
8.3 Hz, 2H), 7.55 (d, J = 7.1 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.44 (dd, J=6.9, 1.7
Hz, 2H), 7.41 (t, J= 6.2 Hz, 3H), 7.39 — 7.33 (m, 1H), 7.25 (dd, J= 3.1, 1.7 Hz, 1H),
7.18 (td, J=7.8, 1.4 Hz, 1H), 7.14 (d, J = 8.4 Hz, 2H), 6.83 (td, /= 7.8, 1.3 Hz, 1H),
6.64 (dt, J=3.5, 1.3 Hz, 1H), 6.59 (s, 1H), 6.45 (t, J = 3.2 Hz, 1H), 6.41 (dd, J = 8.1,
1.4 Hz, 1H), 2.48 (s, 3H). °C NMR (101 MHz, CDCl3): J 156.44, 144.82, 143.57,
139.71, 132.16, 130.09, 129.61, 129.58, 128.96, 128.94, 128.08, 127.09, 126.95,
126.85, 126.61, 124.32, 124.15, 124.02, 123.78, 115.72, 115.54, 111.76, 108.19, 73.11,

21.78. HRMS (ESI): m/z calcd for C3;H24N40,S [M+H]+ 517.1693, found: 517.1692;
IR (KBr): 2929, 1654, 1597, 1506, 1458, 1338, 1171, 768 em’™
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4-(1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinoxalin-3-yl)pheno
I (31)

N~ “N-Ts
=N

HO Yield:52%; Yellow solid; "H NMR (400 MHz, CDCl3): 0 7.91 (d, J =
8.2 Hz, 2H), 7.42 (dd, J= 8.2, 1.3 Hz, 1H), 7.36 (d, /= 8.0 Hz, 2H), 7.24 (dd, /= 3.0,
1.5 Hz, 1H), 7.19 (td, J= 7.8, 1.4 Hz, 1H), 6.83 (td, /= 7.8, 1.3 Hz, 1H), 6.77 (d, J =
8.6 Hz, 2H), 6.61 (d, J = 8.7 Hz, 2H), 6.59 (dt, /= 3.5, 1.3 Hz, 1H), 6.53 (s, 1H), 6.42
(t, J=3.2 Hz, 1H), 6.32 (dd, J = 8.1, 1.3 Hz, 1H), 2.46 (s, 3H). °C NMR (101 MHz,
CDCly): 6 158.92, 158.31, 157.63, 148.65, 148.61, 145.09, 144.13, 135.29, 131.60,
130.59, 130.12, 129.68, 129.63, 129.07, 128.84, 127.90, 126.88, 126.66, 125.47,
124.54, 123.93, 123.88, 115.76, 115.73, 115.68, 115.65, 111.68, 107.99, 73.20, 21.76.
HRMS (ESI): m/z calcd for CosHz0N403S [M+H]" 457.13264, found: 457.13244.

3-(o-tolyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinoxaline
(3m)

N~ "N—Ts
=N

Me Yield: 35%; Green solid; '"H NMR (400 MHz, CDCls): 6 7.96 (d, J =
8.3 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 7.38 (dd, /= 8.2, 1.3 Hz, 1H), 7.28 (td, /= 7.6,

1.3 Hz, 1H), 7.22 (dd, J= 3.1, 1.5 Hz, 1H), 7.13 (d, J= 7.5 Hz, 1H), 7.09 (dd, J = 7.8,
1.1 Hz, 1H), 7.06 (dd, J = 4.5, 3.2 Hz, 1H), 6.84 (dd, J= 7.7, 1.3 Hz, 1H), 6.68 (td, J
=8.1, 1.3 Hz,1H), 6.66 (dd, J= 3.4, 1.7 Hz, 1H), 6.65 (s, 1H), 6.46 (t, J= 3.2 Hz, 1H),
6.12 (dd, J = 8.1, 1.4 Hz, 1H), 2.50 (s, 3H), 1.69 (s, 3H). *C NMR (101 MHz,
CDCls): 6 157.17, 144.82, 137.60, 132.44, 130.58, 130.18, 129.69, 129.45, 129.41,
129.15, 126.51, 126.10, 125.75, 125.20, 124.20, 123.91, 122.66, 115.39, 115.27,
111.83, 108.38, 72.09, 21.75, 18.39. HRMS (ESI): m/z caled for CasHyN4O5S
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[M+H]" 455.1536, found: 455.1531; IR (KBr): 2924, 1655, 1591, 1506, 1363, 1336,
1171, 764 cm™.

3-(pyridin-2-yl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinoxal
ine (3n)

o
— =N
LN Yield: 59%; White solid; '"H NMR (400 MHz, CDCls): J 8.47 (d, J =
3.7 Hz, 1H), 7.91 (d, J = 8.0 Hz, 2H), 7.70 (t, J = 7.5 Hz, 1H), 7.61 (d, J = 7.9 Hz,
1H), 7.36 — 7.28 (m, 4H), 7.22 — 7.04 (m, 2H), 6.89 (dd, J = 30.2, 6.0 Hz, 2H), 6.60 (d,
J=11.8 Hz, 2H), 6.41 (s, 1H), 2.46 (s, 3H). *C NMR (101 MHz, CDCl;): 6 155.40,
148.79, 145.87, 144.79, 136.67, 132.01, 129.89, 129.66, 128.80, 126.83, 126.39,
125.67, 125.33, 125.23, 124.62, 123.42, 115.54, 115.40, 111.46, 108.03, 73.46, 21.76.

HRMS (ESI): m/z caled for Co4H oNsO,S [M+H]" 442.1332, found: 442.1335.

3-(thiophen-3-yl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinox

aline (30)

N~ "N—Ts
=N

/ \
S Yield: 51%; Yellow solid; 'H NMR (400 MHz, CDCl3): 6 7.93 (d, J =

8.3 Hz, 2H), 7.43 (dd, J = 8.1, 1.2 Hz, 1H), 7.35 (d, J = 8.1 Hz, 2H), 7.25 — 7.19 (m,
4H), 6.93 (dd, J = 7.8, 1.2 Hz, 1H), 6.90 (dd, J = 4.9, 1.4 Hz, 1H), 6.58 (dt, J = 3.5,
1.2 Hz, 1H), 6.57 (s, 1H), 6.54 (dd, J = 8.0, 1.3 Hz, 1H), 6.41 (t, J = 3.2 Hz, 1H), 2.46
(s, 3H). >*C NMR (101 MHz, CDCls): § 153.36, 144.72, 132.27, 130.63, 129.50,
128.89, 128.81, 127.76, 127.20, 126.78, 125.87, 125.39, 125.05, 124.05, 123.70,
115.77, 115.55, 111.75, 108.22, 73.01, 21.74. HRMS (ESI): m/z caled for
Ca3H1sN40,S, [M+H] 447.0944, found: 447.0948; TR (KBr): 2929, 1655, 1577, 1560,
1506, 1458, 1340, 1167, 758 cm’.
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ot

3-(furan-2-yl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinoxalin
,N/Ts

e (3p)
VY
N

\ O Yield: 63%; White solid; 'H NMR (400 MHz, CDCls): J 7.89 (d, J =
8.3 Hz, 2H), 7.42 — 7.38 (m, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.27 (td, J= 7.9, 1.4 Hz,

1H), 7.18 (d, J= 2.1 Hz, 1H), 7.02 (td, J = 7.8, 1.3 Hz, 1H), 6.85 (dd, J = 8.0, 1.4 Hz,
1H), 6.62 (dd, J = 3.5, 0.8 Hz, 1H), 6.55 (s, 1H), 6.55 — 6.53 (m, 1H), 6.38 — 6.34 (m,
2H), 2.44 (s, 3H). >C NMR (101 MHz, CDCl3): § 149.94, 144.94, 144.73, 139.88,
132.19, 130.84, 129.68, 129.51, 128.70, 127.95, 127.63, 126.40, 125.96, 115.70,
115.69, 115.61, 111.58, 111.37, 108.22, 73.14, 21.73. HRMS (ESI): m/z calcd for
Ca3H 1sN4O3S [M+H]" 431.1172, found: 431.1175; IR (KBr): 2924, 1655, 1602, 1595,
1560, 1506, 1473, 1363, 1165, 768 cm™.

3-cyclohexyl-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quinoxaline
(30)
ol
=N
Yield: 67%; White solid; 'H NMR (400 MHz, CDCls): 6 7.84 (d, J =
8.3 Hz, 2H), 7.42 (dd, J = 8.1, 1.2 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.27 (td, J = 7.4,
1.4 Hz, 1H), 7.16 (dd, J = 3.1, 1.5 Hz, 1H), 7.08 (td, J= 7.7, 1.4 Hz, 1H), 6.84 (dd, J
=8.0, 1.4 Hz, 1H), 6.52 (dt, J= 3.5, 1.3 Hz, 1H), 6.43 (s, 1H), 6.38 (t, J = 3.3 Hz, 1H),
2.46 (s, 3H), 2.20 — 2.04 (m, 1H), 1.82 — 1.74 (m, 1H), 1.68 — 1.46 (m, 4H), 1.27 (dd,
J=28.4,3.1 Hz, 2H), 1.15 — 1.21 (m, 2H), 0.99 — 0.86 (m, 1H). *C NMR (101 MHz,
CDCl): 0 164.18, 144.37, 132.36, 130.55, 129.25, 128.90, 127.05, 126.57, 124.61,

124.23, 124.07, 115.80, 115.25, 111.71, 108.24, 72.00, 34.08, 31.07, 29.86, 25.86,
25.68, 25.51, 21.71. HRMS (ESI): m/z caled for C,5Hy6N40,S [M+Na]" 469.1669,
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found: 469.1672; IR (KBr): 2929, 2854, 1655, 1601, 1597, 1504, 1473, 1361, 1167,
754 ¢cm’.

3-(naphthalen-2-yl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quin
oxaline (3r)

o'y

N—Ts

N
C Yield: 39%; Yellow solid; 'H NMR (400 MHz, CDCl3): 0 8.01 (d, J =

8.2 Hz, 2H), 7.80 (d, J = 8.0 Hz, 1H), 7.72 (d, J = 8.9 Hz, 1H), 7.70 (d, J = 7.4 Hz,
1H), 7.60 (s, 1H), 7.53 (td, J = 6.8, 1.0 Hz, 1H), 7.49 (td, J = 6.8, 1.0 Hz ,1H), 7.43 (t,
J=92Hz, 3H), 7.27 (dd, J = 3.2, 1.6 Hz, 1H), 7.16 (t, J= 7.3 Hz, 1H), 7.08 (dd, J =
8.5, 1.7 Hz, 1H), 6.73 (td, J = 7.8, 1.3 Hz, 1H), 6.65 (d, J = 3.5 Hz, 1H), 6.62 (s,1H),
6.46 (t, J = 3.3 Hz, 1H), 6.34 (dd, J = 8.1, 1.3 Hz, 1H), 2.48 (s, 3H). *C NMR (101
MHz, CDClL): § 156.69, 144.85, 133.99, 132.26, 132.23, 130.08, 129.74, 129.63,
129.02, 128.43, 128.01, 127.80, 127.72, 126.90, 126.85, 126.59, 125.32, 124.24,
124.20, 123.76, 122.55, 115.71, 115.57, 111.78, 108.23, 99.99, 73.18, 21.78. HRMS
(ESI): m/z calcd for Cy9H2oN40,S [M+H]+ 491.1536, found: 491.1541; IR (KBr):
2929, 1655, 1591, 1506, 1473, 1363, 1169, 752 cm™.

7-methyl-3-(p-tolyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quin
oxaline (3s)

Y
N

Tol Yield: 79%; Yellow solid; 'H NMR (400 MHz, CDCl3): 6 7.94 (d, J
= 8.3 Hz, 2H), 7.37 (d, J= 8.1 Hz, 2H), 7.24 — 7.18 (m, 2H), 7.06 (d, J = 8.0 Hz, 2H),

6.93 (d, J = 8.1 Hz, 2H), 6.63 — 6.58 (m, 2H), 6.53 (s, 1H), 6.41 (t, J = 3.3 Hz, 1H),
6.22 (d, J = 8.2 Hz, 1H), 2.46 (s, 3H), 2.32 (d, J = 2.7 Hz, 6H). °C NMR (101 MHz,
CDCls): 6 157.16, 144.66, 141.02, 136.74, 132.21, 129.86, 129.51, 129.01, 128.91,
128.87, 126.95, 124.42, 124.20, 122.32, 121.71, 116.12, 115.40, 111.53, 107.98,
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73.10, 21.74, 21.49, 21.29. HRMS (ESI): m/z caled for Co7H4N40,S [M+H]
469.1693, found: 469.1693; IR (KBr): 2922, 1637, 1616, 1585, 1508, 1477, 1338,
1167, 733 cm™.

7-fluoro-3-(p-tolyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quino
xaline (3t)
F N?
JCS e
Tol):N Yield: 52%; Yellow solid; "H NMR (400 MHz, CDCls): § 7.95 (d, J =
8.2 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H), 7.15 (dd, J= 2.8, 1.4 Hz 1H), 7.12 (dd, J = 9.1,
2.7 Hz, 1H), 7.07 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.1 Hz, 2H), 6.62 (d, J = 3.5 Hz,
1H), 6.56 (s, 1H), 6.52 (td, J= 8.5, 2.7 Hz, 1H), 6.45 (t, J= 3.3 Hz, 1H), 6.30 (dd, J =
8.9, 5.3 Hz, 1H), 2.47 (s, 3H), 2.33 (s, 3H). *C NMR (101 MHz, CDCls): 6 161.93,
159.48, 157.20, 144.79, 141.24, 131.21, 131.10, 132.22, 129.56, 129.00, 128.97,
128.91, 126.83, 125.99, 125.90, 122.02, 120.33, 120.30, 115.63, 112.33, 110.62,
110.40, 108.70, 103.44, 103.17, 72.79, 21.76, 21.49. HRMS (ESI): m/z caled for
CaH21 FN4O,S [M+H]" 473.1442, found: 473.1445; IR (KBr): 3066, 2952, 2923,
1726, 1637, 1616, 1597, 1508, 1490, 1444, 1361, 1327, 1163, 756 cm’™.

3-(p-tolyl)-1-tosyl-7-(trifluoromethyl)-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[

OO

N
N" N-Ts

Tol)\ Yield: 65%; Yellow solid; 'H NMR (400 MHz, CDCls): 6 7.95 (d, J
= 8.3 Hz, 2H), 7.63 (d, J= 1.3 Hz, 1H), 7.40 (d, /= 8.2 Hz, 2H), 7.21 (dd, /= 8.1, 4.2

3,4-c]quinoxaline (3u)
’/
=N

Hz, 1H), 7.13 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 7.1 Hz, 1H), 6.98 (d, J = 8.1 Hz, 2H),

6.67 (d, J = 3.6 Hz, 1H), 6.50 (t, J = 3.2 Hz, 1H), 6.48 (s, 1H), 6.42 (d, J = 8.4 Hz,

1H), 2.48 (s, 3H), 2.36 (s, 3H). °C NMR (101 MHz, CDCls): § 155.27, 145.00,

141.52, 131.73, 129.68, 129.25, 129.03, 128.88, 128.16, 127.83, 127.08, 126.81,

123.71, 121.91, 120.42, 120.39, 112.84, 112.80, 112.63, 108.94, 77.34, 21.76, 21.52.

F NMR (376 MHz, CDCl;) & -62.79. HRMS (ESI): m/z caled for C7H, F3N40,S
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[M+H]" 523.1410 , found: 523.1413; IR (KBr): 3060, 2924, 1726, 1655, 1616, 1597,
1514, 1444, 1361, 1328, 1163, 741 cm™.

6-methyl-3-(p-tolyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]quin

oxaline (3v)

Me/CEN N-Ts

Tol):N Yield: 82%; Yellow solid; 'H NMR (400 MHz, CDCls): 0 7.95 (d,
J=28.2 Hz, 2H), 7.38 (d, J = 8.1 Hz, 2H), 7.29 (d, J = 8.2 Hz, 1H), 7.19 (dd, J = 2.5,
1.4 Hz, 1H), 7.07 (d, J = 8.0 Hz, 2H), 6.95 (d, J = 8.1 Hz, 3H), 6.59 (d, J = 3.5 Hz,
1H), 6.52 (s, 1H), 6.41 (t, J=3.2 Hz, 1H), 6.13 (d, /= 1.1 Hz, 1H), 2.47 (s, 3H), 2.33
(s, 3H), 2.05 (s, 3H). >C NMR (101 MHz, CDCLs): d 156.62, 144.67, 141.08, 133.61,
132.17, 129.56, 129.03, 128.91, 128.81, 127.72, 127.07, 126.76, 124.60, 123.98,
122.32,115.36, 115.31, 111.33, 107.77, 73.11, 21.76, 21.50, 20.76. HRMS (ESI): m/z
caled for Co7H»4N40,S [M+H]™ 469.1693, found: 469.1698; IR (KBr): 3032, 2922,
1720, 1654, 1616, 1595, 1516, 1473, 1363, 1338, 1169, 734 cm™.

3-(p-tolyl)-1-tosyl-1,14b-dihydroindolo[1,2-a][1,2,4]triazolo[3,4-c]quinoxaline
(3w)

Crx
N~ "N—Ts

T’ Yield: 70(63)%; Yellow solid; 'H NMR (400 MHz, CDCls): 6 8.00 —
7.94 (m, 3H), 7.87 (td, J= 7.8, 1.8 Hz, 1H), 7.72 (d, J= 7.7 Hz, 1H), 7.38 (d, /= 8.0
Hz, 2H), 7.35 — 7.28 (m, 2H), 7.24 (t, /= 5.8 Hz, 1H), 7.08 — 6.98 (m, 5H), 6.89 (td, J
=17.8, 1.2 Hz, 1H), 6.59 (d, J = 1.2 Hz, 1H), 6.44 (dd, J = 8.0, 1.4 Hz, 1H), 2.46 (s,
3H), 2.31 (s, 3H). *C NMR (101 MHz, CDCl;): § 156.30, 148.77, 144.87, 141.37,
137.78, 135.00, 134.12, 132.08, 131.40, 129.81, 129.59, 128.96, 128.94, 128.93,
126.81, 124.83, 124.82, 124.16, 123.49, 123.40, 122.16, 121.88, 121.79, 121.63,
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117.75, 111.44, 102.56, 73.26, 21.77, 21.50. HRMS (ESI): m/z calcd for
C30H24N4OZS [M+H]+ 50516892, found: 50516855, .

14-methyl-3-(p-tolyl)-1-tosyl-1,14b-dihydroindolo[1,2-a][1,2,4]triazolo[3,4-c]quin

oxaline (3x)

ool
N~ "N-Ts

Tol” Yield: 72(65)%; Yellow solid; '"H NMR (400 MHz, CDCl3): 6 7.98 (d,
J=8.3 Hz, 2H), 7.93 (t, J = 8.0 Hz, 2H), 7.67 (d, J= 7.5 Hz, 1H), 7.37 (d, J= 8.1 Hz,
2H), 7.36 — 7.29 (m, 2H), 7.25 (td, J = 7.1 Hz, 0.7Hz, 1H), 7.01 (d, J = 8.0 Hz, 2H),
6.93 (d, J= 8.3 Hz, 2H), 6.89 — 6.84 (m, 2H), 6.37 (dd, J=7.9, 1.5 Hz, 1H), 2.69 (d, J
= 1.0 Hz, 3H), 2.47 (s, 3H), 2.29 (s, 3H). C NMR (101 MHz, CDCl3): § 158.76,
144.77, 14138, 133.47, 132.44, 132.27, 131.26, 129.39, 129.02, 128.95, 128.84,
128.30, 127.41, 125.71, 124.49, 123.70, 122.92, 121.77, 121.27, 119.81, 117.35,
112.67, 111.33, 74.41, 21.76, 21.48, 8.40. HRMS (ESI): m/z calcd for C3HysN4O5S
[M+H]" 519.18451, found: 519.18406.

1-((4-methoxyphenyl)sulfonyl)-3-(p-tolyl)-1,12b-dihydropyrrolo[1,2-a][1,2,4]triaz
olo[3,4-c]quinoxaline (3y)

(ZN ,N%/@/C)Me

=N

/©/L Yield: 72%; Yellow solid; '"H NMR (400 MHz, CDCls): ¢
8.00 (d, J=9.0 Hz, 2H), 7.41 (dd, J= 8.1, 1.2 Hz, 1H), 7.23 (dd, J=2.7, 1.5 Hz, 1H),
7.16 (td, J= 7.9, 1.3 Hz, 1H), 7.06 (t, J = 8.5 Hz, 4H), 6.95 (d, J = 8.2 Hz, 2H), 6.81
(td, J= 8.0, 1.3 Hz, 1H), 6.61 (dt, J = 3.5, 1.2 Hz, 1H), 6.54 (s, 1H), 6.43 (t, /J=3.4
Hz, 1H), 6.36 (dd, J = 8.1, 1.3 Hz, 1H), 3.90 (s, 3H), 2.32 (s, 3H). *C NMR (101
MHz, CDCls): 6 163.85, 156.79, 141.12, 131.09, 130.02, 129.00, 128.93, 126.99,
126.55, 126.45, 124.31, 124.22, 123.70, 122.26, 115.63, 115.47, 114.13, 111.70,
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108.07, 73.02, 55.75, 21.50. HRMS (ESI): m/z caled for CysH»N403S [M+H]
471.1485, found: 471.1487; IR (KBr): 3055, 2947, 2922, 1720, 1655, 1591, 1502,
1473, 1375, 1338, 1163, 752 cm’.

1-(phenylsulfonyl)-3-(p-tolyl)-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]qu

inoxaline (3z)

\
N ,N/S‘

— O
/©/L Yield: 68%; Yellow solid; 'H NMR (400 MHz, CDCls): ¢ 8.08
(dd, J= 8.4, 1.2 Hz, 2H), 7.69 (tt, J = 7.4, 1.2 Hz, 1H), 7.60 (t, J = 7.6 Hz, 2H), 7.41
(dd, J=8.1, 1.2 Hz, 1H), 7.23 (dd, J = 2.6, 1.5 Hz, 1H), 7.17 (td, J= 7.9, 1.4 Hz, 1H),
7.06 (d, J= 7.9 Hz, 2H), 6.91 (d, J = 8.2 Hz, 2H), 6.80 (td, J = 8.0, 1.3 Hz, 1H), 6.62
(dt, J= 3.5, 1.3 Hz, 1H), 6.58 (s, 1H), 6.43 (t, J = 3.4 Hz, 1H), 6.30 (dd, J= 8.1, 1.3
Hz, 1H), 2.32 (s, 3H). °C NMR (101 MHz, CDCls):  157.27, 141.17, 135.05, 133.77,
130.11, 128.98, 128.93, 128.90, 126.75, 126.64, 124.49, 124.11, 123.75, 122.09,
115.63, 115.56, 111.72, 108.13, 73.07, 21.50. HRMS (ESI): m/z caled for
CasHoN40,S [M+H]" 441.1380, found: 441.1385; IR (KBr): 2924, 1718, 1700, 1685,
1655, 1577, 1521, 1458, 1375, 1341, 1163, 746 cm™.

1-((4-chlorophenyl)sulfonyl)-3-(p-tolyl)-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazol
0[3,4-c]quinoxaline (4a)
o0y
o Cl
N ,N’\Sn@/

=N
/C Yield: 49%; Yellow solid; 'H NMR (400 MHz, CDCls): 6 8.01
(d, J= 8.6 Hz, 2H), 7.57 (d, J = 8.6 Hz, 2H), 7.42 (dd, J = 8.1, 1.0 Hz, 1H), 7.24 (dd,
J=2.5,1.4Hz, 1H), 7.18 (td, J = 8.1, 1.3 Hz, 1H), 7.08 (d, J = 8.0 Hz, 2H), 6.93 (d, J
= 8.1 Hz, 2H), 6.83 (td, J = 8.0, 1.2 Hz, 1H), 6.60 (d, J = 3.5 Hz, 1H), 6.55 (s, 1H),
6.44 (t, J = 3.3 Hz, 1H), 6.39 (dd, J = 8.1, 1.1 Hz, 1H), 2.33 (s, 3H). °C NMR (101

MHz, CDCls): ¢ 157.23, 141.35, 140.47, 133.70, 130.28, 130.05, 129.25, 129.03,
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128.93, 126.71, 126.61, 124.47, 124.03, 123.83, 121.97, 115.67, 115.62, 111.75,
108.19, 72.99, 21.50. HRMS (ESI): m/z caled for CosH9CIN,O,S [M+Na]™ 497.0809,
found: 497.0813; IR (KBr): 3064, 2947, 1709, 1685, 1655, 1610, 1597, 1577, 1508,
1473, 1379, 1171, 725 cm™.

1-((4-nitrophenyl)sulfonyl)-3-(p-tolyl)-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[
3,4-c]quinoxaline (4b)
e
N"N-S
=N
ﬁ\ Yield: 55%; Green solid; 'H NMR (400 MHz, DMSO-dj): 0
8.49 (d, J= 9.0 Hz, 2H), 8.34 (d, J = 9.0 Hz, 2H), 7.78 (dd, J = 8.2, 1.3 Hz, 1H), 7.68
(dd, J=3.0, 1.5 Hz, 1H), 7.27 (td, J= 7.8, 1.4 Hz, 1H), 7.12 (t, /= 7.9 Hz, 3H), 6.88
(td, J=7.8, 1.3 Hz, 1H), 6.83 (d, J = 8.2 Hz, 1H), 6.42 (t,J=3.2 Hz, 1H), 6.38 (d, J =
3.4 Hz, 1H), 6.36 (dd, J = 8.0, 1.3 Hz, 1H), 2.27 (s, 3H). °C NMR (101 MHz,
DMSO-ds): 0 159.63, 151.27, 141.61, 140.24, 130.84, 130.46, 129.49, 129.21, 127.83,
126.29, 125.55, 124.73, 124.59, 124.02, 121.86, 117.66, 116.55, 111.51, 107.45, 73.11,

21.38. HRMS (ESI): m/z calcd for C,5H9NsO4S [MJrH]+ 486.1231, found: 486.1236;
IR (KBr): 2924, 1598, 1515, 1425, 1372, 1350, 754 em™

12b-bromo-3-(p-tolyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,4-c]qu

inoxaline (3aa)

N?
@[ Br
B\ IN/TS
Tol” Yield: 75%; Yellow solid; 'H NMR (400 MHz, CDCls): 0 8.28 (dd, J =
8.4, 1.1 Hz, 1H), 7.93 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 8.1 Hz, 2H), 7.24 — 7.17 (m,

1H), 7.12 — 7.03 (m, 4H), 6.92 (td, J = 7.9, 1.2 Hz, 1H), 6.61 (dd, J = 3.8, 1.0 Hz, 1H),
6.46 (d, J = 3.8 Hz, 1H), 6.40 (dd, J = 8.0, 1.3 Hz, 1H), 6.37 (d, J= 1.0 Hz, 1H), 2.46
(s, 3H), 2.33 (s, 3H). *C NMR (101 MHz, CDCls): § 155.70, 144.83, 141.44, 131.98,
131.04, 130.10, 129.57, 129.01, 128.91, 125.95, 125.61, 124.96, 124.48, 121.85,
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119.42, 116.19, 108.08, 98.27, 73.31, 21.76, 21.53. HRMS (ESI): m/z caled for
C6Ha1BiN4O,S [M+H]' 533.0641, found: 533.0647 ([M + 21", 535.0631); IR (KBr):
3033, 2922, 1720, 1649, 1610, 1585, 1502, 1458, 1390, 1169, 754 cm™.

3-(4'-methyl-[1,1'-biphenyl]-4-yl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triaz
olo[3,4-c]quinoxaline (3fa)

se @l

=N

Tol Yield: 64%; Yellow solid; 'H NMR (400 MHz, CDCl3): 0 7.97 (d, J
= 8.3 Hz, 2H), 7.50 — 7.45 (m, 3H), 7.43 (dd, J = 6.6, 1.5 Hz, 2H), 7.40 (d, J = 8.0
Hz,2H), 7.27 — 7.20 (m, 3H), 7.18 (td, J = 8.0, 1.3 Hz, 1H), 7.12 (d, J = 8.5 Hz, 2H),
6.82 (td, J = 8.0, 1.3 Hz, 1H), 6.63 (dt, J = 3.5, 1.2 Hz, 1H), 6.58 (s, 1H), 6.46 — 6.44
(m, 1H), 6.42 (dd, J = 8.1, 1.2 Hz, 1H), 2.48 (s, 3H), 2.38 (s, 3H). *C NMR (101
MHz, CDCl;): d 156.47, 144.78, 143.49, 138.04, 136.81, 132.17, 130.09, 129.65,
129.60, 129.54, 128.96, 126.96, 126.90, 126.59, 126.57, 124.35, 124.19, 123.76,
123.67, 115.70, 115.52, 111.75, 108.18, 73.10, 21.78, 21.15. HRMS (ESI): m/z calcd

for C3oHagN40,S [M+H]™ 531.1849, found: 531.1851; IR (KBr): 2924, 1701, 1637,
1608, 1577, 1540, 1508, 1473, 1375, 1338, 1169, 756 cm’.

3-(4-(phenylethynyl)phenyl)-1-tosyl-1,12b-dihydropyrrolo[1,2-a][1,2,4]triazolo[3,
4-c]quinoxaline (3fb)

ot

N-Ts

Y
N

A4
Ph Yield: 79%; Yellow solid; 'H NMR (400 MHz, CDCl3): 6 7.96 (d, J

= 8.3 Hz, 2H), 7.53 — 7.49 (m, 2H), 7.43 (d, J = 8.3 Hz, 3H), 7.40 (d, J = 8.1 Hz, 2H),
7.38 —7.32 (m, 3H), 7.24 (dd, J= 2.8, 1.4 Hz, 1H), 7.19 (td, J = 8.0, 1.3 Hz, 1H), 7.05
(d, J = 8.4 Hz, 2H), 6.83 (td, J = 7.9, 1.2 Hz, 1H), 6.63 (dt, J = 3.6, 1.3 Hz, 1H), 6.58
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(s, 1H), 6.45 (t, J= 3.3 Hz, 1H), 6.35 (dd, J=8.1, 1.2 Hz, 1H), 2.48 (s, 3H). *C NMR
(101 MHz, CDCls): 5 155.97, 144.88, 132.14, 131.68, 131.36, 130.07, 129.63, 129.12,
128.94, 128.78, 128.45, 126.86, 126.69, 126.01, 124.80, 124.17, 123.98, 123.79,
122.60, 115.77, 115.56, 111.79, 108.26, 91.77, 88.29, 73.10, 21.77. HRMS (ESI): m/z
caled for C33HauN40,S [M+H]™ 541.1693, found: 541.1691; IR (KBr): 3055, 2929,
2214, 1608, 1597, 1577, 1506, 1458, 1363, 1336, 1171, 756 cm™.
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Crystallographic data of 3a

N/ B .
/'ﬁﬁ\.’_, 5
"\_r__ !z Ny
N™ “N-Ts AN e

Tol T
38 %

Structure of 3a, CCDC: 1911560
Table 1 Crystal data and structure refinement for 3a.

Identification code 3a
Empirical formula Cy6H2oN4O,S
Formula weight 454.53
Temperature/K 100.0
Crystal system orthorhombic
Space group Pca2,
a/A 11.5618(5)
b/A 20.0595(10)
c/A 20.7439(10)
o/° 90
/e 90
v/° 90
Volume/A® 4811.0(4)
Z 4
pcalcg/cm3 0.628
w/mm’' 0.082
F(000) 952.0
Crystal size/mm’ 0.15 x 0.12 x 0.08
Radiation MoKa (A =0.71073)
26 range for data collection/° 4.422 to 51
Index ranges -13<h<14,-24<k<24,6-25<1<25
Reflections collected 49632
Independent reflections 8922 [Rint = 0.1080, Rigma = 0.0623]
Data/restraints/parameters 8922/605/301
Goodness-of-fit on F* 1.096
Final R indexes [[>=2c ()] R; =0.0924, wR, = 0.2486
Final R indexes [all data] R;=0.1026, wR, = 0.2593
Largest diff. peak/hole / ¢ A~ 0.44/-0.87
Flack parameter 0.6(2)
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'H, *C NMR Spectra for the Products

000
we\
€9
ze'9
£€9 1
YE9 ]
Zr'9 |
Zr'9 |
€91
¥5'9 1
0991
1991
1991
1991
1991
299
8291
8291
0891
0891
289
289
26'9 |
¥6'91
90°Z1
80°Z 1
vL LA
YL LA
9L LA
oLL
8121
8LL

N/

3a

Isee

(ppm)

1

Fe

o
(=]

160

=
5o
-~ O

<
-

ST DR S B SR ®

O Q®=Oo0
N+~ O+~ N+

(ppm)

f1

051z~
szie’

L0°€L
mn.on/
@o.R/
8e'LL~
80'801
69'LLL |
6Y'SLL |
pO'SLL |
vz'zel |
0L'€21 |
6L ¥l |
6z vzl
8r'ozt |
96'921
€681 ||
00621 [

N/

3a

95'62) +
z0°0€} 7
oLzel

ZLIbh—
SLvbL—

08991 —

-10

10

30

40

100 90 80 70 60

110

130

140

180 170 160

190

(ppm)

1

S20



. o

000— e
\
z

8v'T <
mm.og / N Z
629

1€°9 Z P4

1e'9
£v'9
vb'9
Sb'9
159
299
€99

3b

9.9
LL'9
8.9
6.9

0891 629
1891 629
y0Lq €9
9021 €9

yL L] EVO
L4 vVo
9L2q4Sv9
9l2q4 459
8L Nm,o/
8L L4 €99\
€2 L4 9L9
€T'L1 R,o/
vz L4 8L9
vz L4 6L9
oz L4089
9Z'L 1 Fm.w
LT L4 V0
ovs oot
8€'L Y mF,nV
6c'L 9V L /
oz 8L
PR LixA
L~ EeCL
cpL]ETL
eyl veL
g6~ YT L]
16'27 9T L
9z,
1211
622 ]
8e'L
68L1
oz ]
S.L
2L
ev'L]
£v'L
mmi
16°L

(ppm)

1

7.6 7.5 T.4

7.7

160
60
160
6°0
SO0}
J/£0¢
4"
0L
6L
LL'Y
e

(ppm)

1

LLVe—

LoeL
€L9L
S0LL
9€LL

3b

b

NSO

8180}
VoL
05'ShL 1
99'S11 1
LLEZL
90'¥2) 1
IARTAR
1252
L5'9ZL ]
069zt |
828211
96'821 1
L6z
09621
86'621 7
L8'0EL

80zl

Z8vrL —

T

T

€996 —

10

10

30

40

100 90 80 70 60

110

180 170 160 150 140 130

190

(ppm)

1

S21



0007
8r'z

0£°9 1
0£°9 1
ze'91
ze'9

zr'9
€791
591
8591
1991
1991
199

1991
z9°91
z9°91
0891
1891
z8'91
z8'91
7891

3c

0

o

N
—

Yo}
o
~

1

6.6 6.5 6.4 6.3 6.2 6.

7.0 6.9 6.8 6.7

8.0 7.9 7.8 7.7 7.6 7.5

1

8.

(ppm)

— Fooe

260
m\ 80
180
60
0L
g6l
Feoe
0’}
60
8L
Ll

Fe6'L

(ppm)

Ll —

s0'€L
v2'9L
90'2L
8€'LL
¥2'801 1
6L 111
LS'SLL
85'Sh
€511
6L°Gh11
ze1eTl
SELTH
eLezL
g€zl
CIRCAR |
08'921
68'821 ,W
€9'624
zLoel ~
og'Lel
6c'LEl
vLzeL
26 vyl —

18'651L —
92291\
12691 ~

3c

-10

(ppm)

S22



000 —

82
Le'9
Le'9
€e9

3d

Cl

(ppm)

£1

Fore

(ppm)

1

LLVe—

80°€L
2L9L /

3d

Cl

v0'L
gz’
62'80}
z8 L
85'GLL
18°GLL
FIRN A
ze'ezL
oLvel
8,9z}
z8'9z)
19'82)
06'8z}
co6zL f
zLoek
6v°08k
vizel
mtnmr\
z6hL

69651 —

10

10

30

40

100 90 80 70 60

110

180 170 160 150 140 130

190

(ppm)

1

S23



%)
000— _A
/ 4
8z z p
1e'9
ze9 1
££'9
9]
£v'9 ]
9
sv'9
85'9
2R3 A —
299
2891
z8'9 1
veol
yeoq €9
989 €9
g0 €89
z60] vE9
o0 ] €ro
ot
2124879
6124859
6124199
1z'24 %99
ETE 1604
gz
S el
) o
vz 14 Ve
i Y
podyl A
ov, 4842
PR it
R i
il I
AR R
R Rl
A 7
by VN. g
nilss
Mm.mvovi
WL
WL
2z
v
gL
VL]
vy ]
-t
mmi
562

3e

Br

6.0

6.4 6.3 6.2 6.1

5

6 6.

7.0 6.9 6.8 6.7 6.

7.2 7.1

6 7.5 7.4

(ppm)

£1

60
%a.o
80
60
20’}
6L
0L
26'0

»ﬁo.m
6'C

F6'L

0.0

0.5

(ppm)

Ll —

60°€L
€L9L
S0°LL
9€LL

3e

Br

0£'80L
Z8'LLL g
65GLL |
28'SLL
18°€ZL |
¥8'€ZL |
9LvZL |
6121 |
L5'szL
9921
¥8'9Z1
06821
£9'621
L10EL

co'lel

99°0¢L %
cLzel

€6'vvl —

GL'SSL —

-10

10

30

40

60

100 90 80

110

130

140

180 170 160

190

(ppm)

S24



000—

0 —

VA2

z€'91
2€°9
Y€
Y£'9 1
€91
Y591
Y591
8591
1991
2991
8,91
0891
2891
2891
¥8'9
¥8'9
98'9 1
989
Lizy
IR !
612
612
12 L]
LzL
€T L
€z'2]
€z
T L
9z'L 1
28721
6cL
12
L
cvL
YL
29,
YL
z6'L
S6'L

e

ce9
ce9
€9
€9
€¥'9

6 6.5 6.4 6.3 6.2 6.1

9 6.8 6.7 6.

7.3 7.2 7.1 7.0 6.

7.4

(ppm)

f1

Fooe

(ppm)

Ll —

N
3f

I

0926 —

62°801
18 LLL~
8G°GLL~
8Ll
zgezt,
1v2L
9/vzL \
9s°9zL
06°8Z1
z9'6zL
oLoek
z9°0eL
zLzeL
€5 /el
6L
18°S51

W

-10

10

30

40

60

100 90 80

110

130

140

180 170 160

190

(ppm)

S25



000—

6¥'c—

6297629~
g9 Le9”
P9 vron
Sr9|SPo
or'9{9v'9
2991299
mm.L mm.ow
£9'91€99
1891189
€891 mm.oM
$89 1 gg9/
6L iq612
ver iz

f

e

6 6.5 6.4 6.3 6.2 6.1

T T T T T T
7.0 6.9 6.8 6.7 6.

7.2 7.1
f1

6.0

(ppm)

T T T T T
8.0 7.9 7.8 7.7 7.6

8.3 8.2 8.1

Fere

TEIEISTT

NO~-N ~O

g

0.0

0.5

(ppm)

Ll —

oo

©

©O

N

-

_
A

| |
I

-10

10

40 30

60

100 90 80

110

130

140

180 170 160

190

(ppm)

S26



G0'€9-—

39

-40 -60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)

-20

10

000—

6v'C—

/J

1 (ppm)

hiee

V960
V860
160
80
Reorh
102
1z
§06'1
10'L
60T
00T

£1 (ppm)

S27



0g'Lz —

oz'eL
2oL
v0'LL
9g'LL

95°801

SGIIT |
2LGLL
S0'9LL
Sh'ezl |
81'€Zl
16'€2l
¥6'€Zl
acin |
L5°9zL
VAR |
88'821
srezhq
ozogk
287081
yiLLEL

09'LEl

clLeel

LLShL—
oL'6kL
L9VSL ~

-10

T T T T T
180 170 160 150 140 130 120 110

T
190

(ppm)

f1

000—

eve— —————————————

3i

NC

5 6.4 6.3 6.2 6.1

6.

7.0 6.9 6.8 6.7 6.6

7.1

7.5 7.4 7.3 7.2

7.6

8.0 7.9 7.8 7.7

1

(ppm)

1

2oL
e0L
Feoz
B
8'C
2L
10T
oLt
22T
2002

(ppm)

S28



6.1 —

NC

3i

19'92Z1
S122h
18'821 |
€L'621
6862} ~
sozel

Lzl

Y

(4314 2

08'vSL —

T T T T T
180 170 160 150 140 130 120 110

T
190

(ppm)

000—

Lye—
8¢
GE9
GE9
€9

—

g€9

6.1

6.4 6.3 6.2

5

7.0 6.9 6.8 6.7 6.6 6.

7.5

7 7.6

7.

8.0 7.9 7.8

(ppm)

f1

e

Hoe

Feoe

160
60
60

%m.o

261
0L

Ag6L

»woe
60

261
60
£26°L

5

6.

7.0

5

7.

(ppm)

S29



]

10
0.5

3k

9L'le—

30

MeO

10

T
50

2€'9G —

60

70

z0°€L

thn/ 3 L
vo.R/ B —

9€'LL
£0°801 1 7
LU
S9°€LL ] L
8v'GLL ] E
L9761
zT L
o€zl =
STl 3
ov'vzl
15'9ZL
66'9Z
26'821
99621~
Liost
LLogl
slzel r

80

90

(ppm)

100

110

R
120

“~
1‘;(1

110
(ppm)

f1

150

G951 — =
ov'19L — T3

T T
180 170 160

T
190

200

210

(ppm)

S30



—Ts

N" N
=N

k

8L'lc—

3

Ph

61'801
9L LN
vg'gLL
TLSHL

R 1~

10

10

30

40

100 90 80 70 60

110

180 170 160 150 140 130

190

(ppm)

1

HO

3l

000—

ov.Ng

€9

L€9

€€'9

€€'9

v

<y

€v'9

€59

859

859

659

659

659

659

099

299

9.9

8.9

1891 1e9

1891 1g9

28914 ¢c9

€899 ¢cc9

8914 zv'o

S891 zv9o

JAWA K]

LV,LQ es9

619859

6l°'L Q89

0C'. 4659

L. H6597

€T 4659

€. W659]

V2L ow.w;

v, NO.@;

922 wh.w;

se'zes0]

LeL |29

_\v.n)wmw.ﬂ

rv.ﬁyw.vw@L

VL TeL .

m:\ 612

06'L~\¢z'2 1

Nm.h\mNNL
vZ L
ve'L]
oz L]
seL]
82
_\.v.h;
_‘v.h;
mv.h%
€L
06°L
z6L”

Q-

VR R 2

6.6

7.8

(ppm)

1

=0t

BTN RSB D DS DD

TONO-mNO®OOOQ
NrarrraN~ -« -«

0.0

5

0.

3

T
10.0

(ppm)

1

S31



9L'le—

0Z'€Ln
129/
€024
SE2L7
66204
89'LLL
S9GLL
89GLL
€LGLL

HO

3l

SLStL
88'€Z! |
€6°€ZL |
YSvZl
1521
99'9Z1
88'9Z1 |
06221 1
¥8'8Z1 1
L0621
€9621
89'6Z1
ZL'0EL
65°0EL
09'LEL
62'SEL
SLpPL~
60'S¥L 7
sosyl
€9'/G1

LE'8G1L W
26'851

NN

10

(ppm)

1

[ro)
<
©

=

01’9
L9
AR
€19
Sv'9
or'9
1%'9
59'9
59'9
99'9
99'9
19'9
89'9
29'9
mw,o\
58'9
S0°L~
0L \w
8027
sozdf
ovedf
zve] W
vz
Vz'LA
Tz L
zT L
922
8z.]
8z, ]
921
152

o2
TrL

S6°L
L6727

7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0

(ppm)

T T T T T T T T T T T
7.5 7.4 7.3 7.2

8.18.079 787776

2

8.4 8.3 8.

1

Feoe

Feoe

60
160
80
280
160
6°0
[1N3
6°0
6°0
=160
M/.vo._w
60
18'L
Feoze

S32



6€8L —
sle—

3m

M,

|

"

A

|

-10

10

30

40

60

100 90 80

110

130

140

180 170 160

190

(ppm)

000 —

ov'c—
L9
659
299
G8'9
989
269
69

3 6.2

7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.

6 7.5
(ppm)

7.

f1

R

T T T T
8.

8.

8.1 8.0 7.9 7.8 7.7

8.4 8.3 8.2

5

6

Fore

3.0

6.0

(ppm)

1

S33



. n °
E 000 — _ﬂ - Fe
. Z.
° T AN Z
ov'9 /
s 9 \ 3 °
c s . Z b 1% Lo
& zr'9
€5'9
s .
or1z— B mm.m
s S5'9 R
159 LS
85'9
g 859 )
85°9 T obe
s 65'9
65'9 B
65'9 [e
8 68'9
ov'eL 06'9 | @
€L'9L s 1691 opo “
mo”R/ 1691 |19 A
YW - Nm.w 9 F2
£0'80L g 2691 coo
oLl 691 coo
OF'ShE 2 v6'91 ¢59 ~ o
vS'SLL | - 0z2q g59
zreeh H 0z s59
Zove | e 7Y PO ha
€252} z T wm.m%
eeszL E 28 P o
et 5
s Y os9
€8'9Z1 g ez2q 1690 | o
08'8z} | vely 169 g <
99'6Z1 g v z6'0 N
68621 7 - szi ¥ z69 ~ =
Kozel - 9z ¥ oz, H
L9°9€L 3 ver| 1z, °
6L YL~ R a Le
iz o LY ee o
L8517 zr' LA Nmﬁkﬁ
6L81 - vitzzs .
or'ssL — . v LT g7 e
Z sved goi ke —
X
. Na.nv.&s; = e
3 v6' L’ 7y % ©
ST'L
R v
9e°L
g [N E
£vL]
s L]
g ] L=
Sv'L R
6L
g vor’ j °
e

(ppm)

1

S34



vile—

LoeL
_.h.oh/
mo.hh/

cc8olL

30

SLLLLY
SS'ShL
12611
0L€z)
S0vz) 1
50°5Z}) 1
6£'5Z) 1
18'52)
8L9zL
0z'LZ) Y
92221
18821 \
68'821
05°621
€9°0¢gl
l2TEL
ZL vl —

T

—=
S FA—

9€'esgL —

-10

(ppm)

1

¥8'915€°9

ST

6.0

6.1

2

7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.

8.0 7.9 7.8 7.7 7.6 T7.%

1

8.

(ppm)

1

=

=0'¢

(ppm)

S35



€L e —

viLeL
wh.ohﬁ
80°LL W

ov'LL

[A:{o]]

LELLL
wm,:_‘/

L9°GLL
69611 W

0L'GLL

96'STh N\

ov'ozL —
€921 7 w

s6'221 ]
0,8zl ]
1562} 1
89'621
$8°0€1
6L2ZEL Q
88'6€l

LYYl
Y6t
6671 -

Y

10

30

40

60

80

100 90
(ppm)

110

130

140

180 170 160

190

3q

8€'914E9

[ mm.h;

;7

GO SR H
O =adN
I I

il

o™

T T T T
2 6.1

5 6.4 6.3 6.

(ppm)

S36

.7 6.6 6.

60

= 0}
6°0
S0

s

= 0

20l

(ppm)

f1

16




LLe
3=R=r4 /
wm,mNW
98'GC y
98'6C
L0 _\m*

80'¥€

00cL
L29L N
20 LL

NN

3q

veLL

¥Z'80L
RTIEN
STSLL~
08t
20421
€Tzl W
L9'vzL
15°921
S0°221
06'8z1
sz'62L
S50l
9ezel
LE7PL

8L¥9lL —

m

Ry

-10

10

30

40

60

100 90 80

110

130

140

180 170 160

190

(ppm)

000 —

8z
€e'9
€e'9
se'9
se'9
Sv'9
or'9
179
z9'9
59'9
99'9
L9
29
€L'9
vL'9
SL'9
9,9
902
202
60'L
60'L
SL'L
9L'L
8lL'L

9z'L
9z'L
L2 ]
1221
1L
ev L
S¥ L
1921
NI
6721
6721
152
1S
1SN
25 L
vG L
vG L]
ssf
S5'L
092
692
0L,
122
€2
6.1
18
008
zo'g)

%]

T

Z.

Dadi
Z Z 5
— F86C

€€9
€€9
S€'9
S€'9
S¥'9
o9
%9
299
599
999
€49
L9 ]
902
1202
602
602 0L
9L, 60
9z'L 2 60
9zL 2 \M 60
oT'L o 60
px4) o'l
2L 0L
WL N — 60
vl o
Sl — 20°L
6v.L" Ll
vms\ 0L
vS'L \ 80
09 % Lb
692 L'L
0L/ L0c
VoL
€L
6LL
18°L
00'8
208

3.0

6.0

7.0

5

8.0

(ppm)

1

S37



3r

©
~
[
N
-

oe'9zL |

699G —

™

-10

10

30

40

60

100 90 80

110

130

140

180 170 160

190

(ppm)

N—TS
3s

Tol

Me

000 —
zee
€€
ovz’
12’9
€29
L9l 129\
191 €29—
zr'9q b9
€591 S.o/
6591 2o+
099 €59
0991 659
09'94 099
z991 099
z991 099
269 299
v6'91f 299
s0'LFee9~
L0\ ¥697
0T'L SOL~\
1zL JTON -
vezozin
9T LTL 7
9e'L] 1TL
ge'Ld 9zL
€62~ 9€'L \
g6'L7 8EL
€6'2~
6L

8.0 7.9 7.8 7.

7.6 7.5 7.4 7.3 7.

7

(ppm)

1

(ppm)

1

S38



000 —

_m %) [T
\ Le K
z \ —1 ks
L=< - N (C7 ,
z pd / e
— 0 Fe z Z a
o ™ S o | o
6Tz = s = h
6v'L >
v/
°
2
eez
o e w Lo
= e 8z'9
629 D —— — roce
. e — .
Le oe'9
ze9|
- vyl 829 | o
¥ el 1
. 9r'9
oL'eL Le 69 Nm”m wm
ogo| vve
o Lgo] Sv'o .
: re 259199 F<
oSl % g B ~ °
ogg] 959 N R
ZL9LL 2 o4 199
. g 199
LILZE L82 Noi N@m% B o
zeeeL el 6891 689 [ r
ozvelL - S 1694169
vzl | r= 10, | o
. 90°L $
G6°921L | _ g0z 802
18'821 Lg Yoz
N L - 0L 'L -
L6'821L L R A LS
N L 1 L0°L <
o6z N Ls VR Ll 260
h g 60 |
— - 2610 | ©
~C c Z0'L
Bgozl e
N
6L
zueL|
s JB.F b
= 122
002 |2

180 170

190

S A LfEY
vsezt 7 gyl
ommwr\ gyl 01
&.m?* |2 mr.n#mvn
vL9EL Vevid —~
. SLLA
Zo'LpL s mrn)worx\ —
99'vrL - oz, 9L~
/j
oL'251 — - ge ]
| il mes
AN
L 9627 I
Lg
B v6L~
R 9627
&

(ppm)

1

S39



ju

0Z'LS1 ~\
81651 —
€6'19L 7

-10

30

40

60

80

110

(ppm)

000 —
9ez~
8z —
rv.o/
£r'9
wv,o/
6'9
19099
epg bSO
o299~
8791809
6v'9
059,69
159 66'g
299 e0 s
29'9lco
1696,
669},
€02 oz,
502 N.n/
(AN S
EN\NN\
0z Loz
Vel lee s~
gLy,
€L
9z
6e L] .
i
€92
€92
v6'L
962
¥6'L~

96,7

v

(ppm)

£1

»€5°¢]
A

(ppm)

1

S40



[2-HF AN
YN A

99'2L
0L'9L
2022
ve'LL
¥6°801 1
€9°ZhE 1
08°Zh1 ]
ICkAT
6£°021 ]
[AQAR
L6121 ]
LLEZL
18'921 1
80°221 1
£8°221 7
91821
88'8Z1
£0'621
sz6zL
89621
€L1EL
Z5'IrL —
00°S¥L —

L2'SSL —

by

o

n

Al

10 -10

50 40 30

60

100 90 80

£1 (ppm)

110

130

140

180 170 160

190

6.¢9-—

3U

-40 -60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)

-20

10

S41



000 —
S0z
g€z
T~
eL'9
€L'9 -
€L'9
Er910p9
09 pg-
1o {zrg/
Yz — '
259 {a0'0 —
659 1og0/ ™
09'9
¥6'9
L6969
902 M/ag
8020,
61260y
VR
Lz
6L LWe, —
0T LYs, s
0T L, S
Z'L
IV e —
ow.nims\ S —
282 0g, Jf Ty
68°L7 ey
Y6 L pe-
€L _
0628
v6 L~
96'L 7

Fg0"
I ek

6.4 6.3 6.2 6.1

5

6.

1 7.0 6.9 6.8 6.7 6.6

(ppm)

7.

7.2

9 7.8 7.7 7.6 7.5 7.4 7.3

7.

8.0

f1

i 2 A
O

/860
60
160
Ze60
62

(ppm)

1

9,02
om._.NW
9L'le

—Ts

N° N

Tol

-
o
o
N
-
_
ST

SN 1 I

10

10

30

40

100 90 80 70 60

110

180 170 160 150 140 130

190

(ppm)

1

S42



[VIVV}

leec—
o' —

€791
€¥'9

S¥'9
S¥'9
659
659
1891
1891
6891
6891
16°9
16°9
66'9 1
10°Z1
202
502
20
cT LY
V2L
GC'LY
92 LA
8T/
62

el
el
Sv'9
Gv'9
659
659
/8'9
/8'9
B89
F8'9
469
6'9
p6'9
0L
koL
0L
L0
EC' L
A

LeLpe L
Le'L-8CL
eeLpTL

PAWA
6gL
| VAVA
€LL
G8'L
98'L
18°L
88'L
68°L
06'L
G6'L
16°L
16°L
66'L
66'L

_vm.h%w.h

€L
€L
€L
€L
€L
L'L
L'l
8L
8'L
6L
L6°L
L6°L
66°L
66°L

TV

~N
-

/// I 7

A

/

N
[,

8

7.6 7.5

(ppm)

1

=o'e
=€6'C

160
=160
SO
Foo's

80
Wwvm
N0z
J80°L
JS0'L
=oe'e

(ppm)

0s'iz~
12027

oceL
v,L'9L
@o.hnW
8€LL

95201 —
PrLLL
SLLLL
8.5/
62121
88'1Zl
aL'zzl
orezl
6v'€2l
R
z8vz) |
€81l |
18°9Z1
€6'82} 1
veszt
96821 |
6562t ]
5.8;
or'iEl
80°zgl
zZLpeL
00°s€l
8L /€L
€171
18bpL
12°8%L
0€'951

R

10

10

30

40

100 90 80 70 60

110

180 170 160 150 140 130

190

(ppm)

1

S43



000—

6z~ —
we~
692
oLz

9€'9
9€'9
8¢9
8¢9
89
G8'9
G8'9
989
989
189
889
689
269
69
L0°L
c0'L
€L
€L
GcL
L2L
L2L
6cL
ogL
gL
€eL
SeL
SeL
9gL
8¢€'L
99'L
89'L
16°L
€6'L
G6'L
16°L
66'L

N. .~ —Me

60

(ppm)

f1

=€0'e
b ¥00°€

(ppm)

oy'8 —

TN
oLve”

WvL
zLoL
vO'LL
9€'LL

€ELLLY

L9°TLL

|

b

seiL
18611 |
Lz
L0121
z6zel |
02}
6v'vTL |
bSTL
wieL g
oe'szt
¥8'9zL |
S6'9ZL

20’62t
6€'6Z) 7
oC'LeL f
Leeel
vycel
Ly'eel
8eLvlL
LLvvL
9,851 —

N_ ~—Me

N—TS

Tol

3x

-10

10

30

40

60

100 90 80

110

130

140

180 170 160

190

(ppm)

S44



000—

—

@)

W _ >

0=0=C &
ez — Z .
06 AN Z R
ve'9 / |
se9 = =
9e'9 S
1€9
Zr'9 =
£r'9
59
¥5'9 —
099 {re'9
19'9 mm.o/ b
19'9foe'9 f -
199 R.o\ Ny C0'lrs
299 Yer'9 60
ofroy - M”m :
6L9fv9 LS
6L'9 m.wq = -
18'9 m.ow re
189499 »
z8' 9§99 / 201 @
€89 99 Lo
¥6'9 @.o; —~— - -
96'91£9'9: e MHMJ,.
voL k89 = -

i pod R 201

902189 -
80°L m.&ﬂ /// 0 M N E
vL'286'9 Wj/ - e
YLLpO L] — [+~
CIWAY B N
IV R f oy
EIVE TR o
8L oL L] — o
(4% 7% [e
2z L fee L [
€T'L Ni -
AR Fo
oz 2oz 2| >
ov'L ovi [
ovz{ovL e
zvL NV.L f o
v LTy L Fa
66'L166'L

1087108

£zoe

0.0

(ppm)

0s'Le —

6L°9G1L —

G8'€9l —

Ly

-10

10

30

40

60

100 90 80

110

130

140

180 170 160

190

(ppm)

S45



000—

XA
6291
6291
1€91
1€91

90'8

(ppm)

f1

wJ

e

10°L
60
6°0
Kma.o
0L
#¥0'C
»0¢C
£0'1
NS.P
H/Mfr
1z
0L
2002

(ppm)

0s'tc—

L0°€L
€L9L /

S0LL
PAWVA

€1'80L
cLLLbL
9G'GLL
€9'GLL
e60cclL
glLect
LLveL
6v'vcL
¥9'9CL
gL9cL
06'sclL
£6'8CL
86'8CL
LLoct
LLggL
go'sel
LV YL
PAAVA] S

10

10

30

40

100 90 80 70 60

110

180 170 160 150 140 130

190

(ppm)

1

S46



000—

6.2

6.3

6.5 6.4

6.6

6.8 6.

6.9

7.0

5

(ppm)

£1

60
60
60

6°0
0’}
(104
H/F_‘.N
0L
m/mm.o
m/mm.v
x4
F66'L

0.0

0.5

(ppm)

0s'tc—

66°CL
cL9L A\

0L
S€LL

61801
SLLLL
296G
l6°LeL
€8'¢Cl
€0'velL
Ly'vel
L9921
LL ozt
£6'8C1
€0'6cl V
gecect
sooct
8co¢cL
oLeet
PA 47
selvl
€CLSL —

10

10

30

40

100 90 80 70 60

110

180 170 160 150 140 130

190

(ppm)

1

S47



000—

s€'8 zee
8v'8 se'g
058" 8p'g

0s'8

1 ‘
QL 6L _
s f N
—

NO,

61|

6}

8.6

(ppm)

f1

Fesz

0.0

0.5

(ppm)

8e'lc —
LE6E
856€
6.6€

000t
T4
344
290

LLeL—
St 201
LG LLLA
S59oLL
99°LLL 1
98121 1
20'v2L 1
65¥Zl 1
[ R4
S5°S2l
62921
€8°4Z1
L2621
67621
ov0EL 7
¥8°0€1L

YT oL~
L9yl

T

LTS —

€965 —

10

10

30

40

100 90 80 70 60

110

180 170 160 150 140 130

190

(ppm)

1

S48



Y0'C~

€€¢C

ov'c \

LE°9
€9
6€9
mm.mL
34°]
7’9
9v'9
Ly'9
ow.w%
099
_,w.wg
19’9

LE9
LE9

34°]
34}
ov'9
A4v)

6€°9
mm,wV

06'9 109'9

D E——
—

S ST

6.3 6.

6.

9 6.8 6.7 6.6 6.5

7.0 6.

(ppm)

1

¥0Z€
Fee

NN QRO Q
N~~~ O+« O

SR SD

0.0

0.5

.0

6.0

6.

(ppm)

r1

€5’
9Ll

LeeL
Nh.mﬁ/
wo.hN/

e

9g'LL
1286
80801 1
619111
Zr6LL ;
58121 |
EracAR
96'vTl ;
19621
56621
16'8Z1
L0621
15621
ool ~t
vo'LeL T
86'LEl
Yy Lyl ~
£8vyL —

(s

04651 —

™

10

10

30

40

100 90 80 70 60

110

180 170 160 150 140 130

190

(ppm)

1

S49



000—

821
8v'e
191
191
€79

€79
9
St9
St'9
8591
€99

€99
€991
€991
991
991
0891
18°9 1
2891
2891
¥8°9 1
¥8'9

(Ve
IR
9L
9L'L

8L
8L
0z
0z
€L
VT LA
VT L
STLA
9T
6€°L 1
L2
v L
AN
YL
Yy LA
oL
LrL]
6L

96° L~
86,7

34°]
34°]

€v'9
144°)

Sro-t

859
mo.oW

3fa

Tol

6.7 6.6 6.5 6.4 6.

6.8

7.0 6.9

(ppm)

7.9

0°C|

8.0

8.

f1

¥TE'E
00

60
60
5960
o
¥S0'L
20T
mmme
20'€
0z
A%
e
602

0.

0.5

(ppm)

[N AN
8Lz’

Tol

10

10

30

40

100 90 80 70 60

110

180 170 160 150 140 130

190

(ppm)

1

S50



000\
8y'c
ve'9
ve9
9€'9
9€'9
144’
Sv'9
Sv'9
899
299
€99
€9'9
€99
€99
¥9'9
189
189
€89
€89
¥8'9
$8'9
V0L
L0°L
oL’L
LL'L
8L'L
6L°L
(rAVA
'L
€TL
veL

ve9

N—Ts

3fb

(ppm)

Ph

—

Fooe

0.0

5

5

9.

10.0

(ppm)

1

LLVe—

oLesy
zL9Lq
v0'LL
se L
6288 |
12161
92'801 |
6L1LLL Y
95°5LL |
L2°GLL

—

Y

3fb

Ph

09'2zL
6,621 ]
86°€Z1 |
L1v2L
08'¥ZL 1
10'9Z1L 1
69'921 1
98'9Z1 1
51’821 |
82'821
¥6'8Z1 1
ZL'6Z1
£9'6Z1

L0°0€ L N
og’LEL
89'LEL
vizel
88' vl —

L6°GS1L —

10

10

30

40

100 90 80 70 60

110

160 150 140 130

170

(ppm)

1

S51



