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1. General remarks

Melting points were determined on a XT4A hot-stage apparatus and are uncorrected. IR spectra were
obtained using an PerkinElmer FT/IR spectrophotometer. *H and *3C NMR spectra were obtained on a
Agilent AV400 instrument. High-resolution mass spectra were recorded on a Micromass Q-TOF mass
spectrometer. X-ray diffraction (XRD) patterns of the samples were recorded on a Rigaku B/Max-RB

diffractometer.

2. Synthesis and characterization data of compounds 1, 1h-1n, 9a, 3a-3n, 9b and 8
2.1 Synthesis of 2-(2-bromophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)ethan-1-one 1!
[\

OH
N
Br DCM, -30°C, 12h Br

Ts
1

A mixture of 1-tosyl-1H-pyrrole (221 mg, 1 mmol), 2-(2-bromophenyl)acetic acid (258 mg, 1.2 mmol),
TFAA (705 pL, 5 mmol), FeClz (80 mg, 0.5 mmol) and DCM (10 mL) under nitrogen was stirred at -30
°C for 12 h. Saturated NaHCOz (20 mL) was added and the resulting mixture was extracted with
EtOAc (3 x 20 mL), then dried (Na2SOa), filtered, and evaporated in vacuo. The residue was purified
by column chromatography on silica gel (5% EtOAc in petroleum ether) to afford the title compound 1
(284 mg, 68%) as a colorless solid; mp 121-122 °C; *H NMR (CDCls, 400 MHz): §=7.87 (d, J=8.4
Hz, 2H), 7.80 (dd, J = 3.2, 1.7 Hz, 1H), 7.51 (dd, J = 8.0, 1.1 Hz, 1H), 7.27 (d, J = 8.1 Hz, 2H), 7.21 (td,
J=75,12Hz 1H), 7.17 (dd, J = 3.8, 1.7 Hz, 1H), 7.14 (dd, J = 7.6, 1.7 Hz, 1H), 7.09 (td, J = 7.8, 1.8
Hz, 1H), 6.33 (t, J = 3.2 Hz, 1H), 4.14 (s, 2H), 2.40 (s, 3H) ppm; 3C NMR (CDCls, 100 MHz): & =
184.8, 144.9, 135.8, 134.8, 132.9, 132.8, 131.6, 130. 6, 129.5, 128.8, 128.5, 127.7, 125.0, 124.1, 110.6,
46.4, 21.8 ppm; IR (neat, cm™) vmax 1634, 1622, 1427, 1396, 1375, 1140, 1047, 1015; HRMS (ESI):
m/z calcd for C1gH16°BrNO3SNa [M+Na]*: 439.9926; found 439.9943.

Substrates 1h—1n, 9a were synthesized according to the procedure as describe for compound 1.

2-(2-Bromo-5-fluorophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)ethan-1-one (1h)
F »

N

Ts

Br

301 mg, 69% as a colorless solid; mp 131-132 °C; *H NMR (CDCls, 400 MHz): 5= 7.86 (d, J = 8.4 Hz,
2H), 7.83 (dd, J = 3.2, 1.7 Hz, 1H), 7.46 (m, 1H), 7.28 (d, J = 8.2 Hz, 2H), 7.18 (dd, J = 3.8, 1.7 Hz,
1H), 6.85 — 6.81 (m, 2H), 6.35 (t, J = 3.5 Hz, 1H), 4.11 (s, 2H), 2.41 (s, 3H) ppm; 3C NMR (CDCls,
100 MHz): 6= 184.0, 161.9 (d, Jr.c = 245.6 Hz), 145.1, 136.7 (d, Jr-c = 8.0 Hz), 135.64, 133.9 (d, Jrc
= 8.1 Hz), 132.6, 130.9, 129.5, 128.5, 124.3, 119.1 (d, Jrc = 3.2 Hz), 118.6 (d, Jrc = 23.1 Hz), 116.1
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(d, Jr-c = 22.4 Hz), 110.6, 46.2 (d, Jr-c = 1.5 Hz), 21.8 ppm; IR (neat, cm™) vmax 1670, 1248, 1172,
1140, 1043; HRMS (ESI): m/z calcd for C1oH15"°BrFNO3sSNa [M+Na]*: 457.9832; found 457.9822.
2-(2-Bromo-5-chlorophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)ethan-1-one (1i)

I\
Cl N

Ts
Br

308 mg, 68% as a colorless solid; mp 141-142 °C; *H NMR (CDCls, 400 MHz): 5= 7.85 (d, J = 8.4 Hz,
2H), 7.83 (dd, J = 3.1, 1.8 Hz, 1H), 7.42 (d, J = 8.3 Hz, 1H), 7.28 (d, J = 8.3 Hz, 2H), 7.18 (dd, J = 3.7,
1.6 Hz, 1H), 7.10 — 7.06 (m, 2H), 6.36 (t, J = 3.5 Hz, 1H), 4.11 (s, 2H), 2.40 (s, 3H) ppm; 3C NMR
(CDCls, 100 MHz): & = 183.8, 145.1, 136.4, 135.6, 133.8, 133.5, 132.6, 131. 6, 130.9, 129.5, 128.9,
128.5, 124.2, 122.9, 110.6, 46.1, 21.8 ppm; IR (neat, cm™) vmax 1671, 1661, 1169, 1140, 1067, 1043;
HRMS (ESI): m/z calcd for C19H15®'BrCINO3SNa [M+Na]*: 475.9516; found 475.9510.
2-[2-Bromo-5-(trifluoromethyl)phenyl]-1-(1-tosyl-1H-pyrrol-2-yl)ethan-1-one (1))

F M\

F N

Ts
Br

340 mg, 70% as a colorless solid; mp 125-126 °C; *H NMR (CDCls, 400 MHz): & = 7.86 (m, 1H),
7.85-7.84 (m, 2H), 7.64 (d, J = 8.2 Hz, 1H), 7.38-7.35 (m, 2H), 7.28 (d, J = 8.1 Hz, 2H), 7.21 (dd, J =
3.8, 1.7 Hz, 1H), 6.37 (t, J = 3.6 Hz, 1H), 4.21 (s, 2H), 2.40 (s, 3H) ppm; *C NMR (CDCls, 100 MHz):
0=1835, 145.1, 135.8, 135.6, 133.4, 132.5, 130.9, 129.5, 129.1 (q, Jrc= 1.5 Hz), 128.6 (9, JFc= 3.8
Hz), 128.5, 126.5 (g, Jrc = 270.8 Hz), 125.6 (q, Jr-c = 3.8 Hz), 124.2, 110.6, 46.2, 21.8 ppm; IR (neat,
cm?) vmax 1678, 1330, 1169, 1143, 1129, 1079, 1042; HRMS (ESI): m/z calcd for
CaoH15"°BrFsNO3sSNa [M+Na]*: 507.9800; found 507.9809.
2-(2-Bromo-4-fluorophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)ethan-1-one (1K)
[\

N

Ts
F Br

297 mg, 68% as a colorless solid; mp 141-142 °C; *H NMR (CDCls, 400 MHz): 5=7.86 (d, J = 8.4 Hz,
2H), 7.81 (dd, J = 3.1, 1.7 Hz, 1H), 7.29 — 7.25 (m, 3H), 7.17 (dd, J = 3.8, 1.7 Hz, 1H), 7.13 (dd, J =
8.5, 6.0 Hz, 1H), 6.94 (td, J = 8.3, 2.6 Hz, 1H), 6.35 (t, J = 3.5 Hz, 1H), 4.11 (s, 2H), 2.40 (s, 3H) ppm;
13C NMR (CDCls, 100 MHz): 5= 184.5, 161.5 (d, Jr-c = 248.5 Hz), 145.0, 135.7, 132.7, 132.4 (d, Jec
= 8.4 Hz), 130.7, 130.6 (d, Jr.c = 3.6 Hz), 129.5, 128.5, 124.9 (d, Jr-c = 9.5 Hz), 124.0, 120.0 (d, JFc=
24.3 Hz), 114.8 (d, Jec = 20.9 Hz), 110.8, 45.5, 21.8 ppm; IR (neat, cm™) vmax 1684, 1489, 1183, 1165,
1142, 1068, 1039; HRMS (ESI): m/z calcd for CioHis"°BrFNOsSNa [M+Na]*: 457.9832; found
457.9823.

2-(2-Bromo-4,5-dimethoxyphenyl)-1-(1-tosyl-1H-pyrrol-2-yl)ethan-1-one (1)
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339 mg, 71% as a colorless solid; mp 135-136 °C; *H NMR (CDCls, 400 MHz): 5= 7.90 (d, J = 8.4 Hz,
2H), 7.78 (dd, J = 3.2, 1.7 Hz, 1H), 7.29 (d, J = 8.1 Hz, 2H), 7.16 (dd, J = 3.8, 1.7 Hz, 1H), 6.98 (s, 1H),
6.71 (s, 1H), 6.32 (t, J = 3.6 Hz, 1H), 4.06 (s, 2H), 3.83 (s, 3H), 3.79 (s, 3H), 2.40 (s, 3H) ppm; 3C
NMR (CDClz, 100 MHz): 6 = 185.6, 148.7, 148.6, 144. 9, 136.0, 132.9, 130.5, 129.5, 128.5, 126.6,
124.0, 115.4, 114.5, 113.5, 110.625, 56.2, 56.1, 46.0, 21.8 ppm; IR (neat, cm™®) vmax 1658, 1292, 1157,
1136, 1032; HRMS (ESI): m/z calcd for C21H208*BrNOsSNa [M+Na]*: 502.0117; found 502.0111.
2-(1-Bromonaphthalen-2-yl)-1-(1-tosyl-1H-pyrrol-2-yl)ethan-1-one (1m)

Br /\

IR
® S

327 mg, 70% as a colorless solid; mp 186-188 °C; *H NMR (CDCls, 400 MHz): 5= 8.25 (d, J = 8.6 Hz,
1H), 7.86 (d, J = 8.4 Hz, 2H), 7.77 — 7.80 (m, 2H), 7.70 (d, J = 8.4 Hz, 1H), 7.56 (m, 1H), 7.48 (m, 1H),
7.25 - 7.21 (m, 4H), 6.32 (t, J = 3.6 Hz, 1H), 4.39 (s, 2H), 2.37 (s, 3H) ppm; **C NMR (CDCls, 100
MHz): 6 = 185.0, 144.9, 135.8, 133.7, 133.0, 132.9, 132.6, 130.6, 129.5, 128.5, 128.4, 128.2, 127.8,
127.6, 127.5, 126.5, 124.9, 124.2, 110.6, 47.7, 21.8 ppm; IR (neat, cm™) vmax 1687, 1362, 1312, 1276,
1028; HRMS (ESI): m/z calcd for Ca3H1s"°BrNOsSNa [M+Na]*: 490.0083; found 490.0086.
2-(2-Bromophenyl)-1-(5-ethyl-1-tosyl-1H-pyrrol-2-yl)ethan-1-one (1n)

|\

Ts
Br

312 mg, 70% as a colorless solid; mp 156-158 °C; 'H NMR (CDCls, 400 MHz): 5= 7.96 (d, J = 8.4 Hz,
2H), 7.54 (dd, J = 8.0, 1.1 Hz, 1H), 7.34 - 7.25 (m, 4H), 7.12 (td, J = 7.8, 1.8 Hz, 1H), 6.96 (d, J = 3.7
Hz, 1H), 6.05 (dt, J = 3.7, 1.0 Hz, 1H), 4.26 (s, 2H), 2.91 (q, J = 7.3 Hz, 2H), 2.40 (s, 3H), 1.23 (t, J =
7.4 Hz, 3H) ppm; 3C NMR (CDCls, 100 MHz): § = 187.7, 147.0, 144.9, 136.6, 135.9, 134.9, 132.8,
132.1, 129.7, 128.8, 127.9, 127.7, 125.1, 121.6, 110.5, 48.1, 22.2, 21.8, 13.1 ppm; IR (neat, cm™) viax
1674, 1420, 1303, 1174, 1016; HRMS (ESI): m/z calcd for C21H2"°BrNO3SNa [M+Na]*: 468.0239;
found 468.0238.
2-(3-Bromophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)ethan-1-one (9a)

[\

Ts
r

301 mg, 72% as a colorless solid; mp 122-123 °C; *H NMR (CDCls, 400 MHz): 5= 7.85 (d, J = 8.4 Hz,

2H), 7.82 (dd, J = 3.1, 1.7 Hz, 1H), 7.34 (d, J = 7.8 Hz, 1H), 7.29 (d, J = 8.2 Hz, 2H), 7.25 (s, 1H), 7.12
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(t, J = 7.7 Hz, 1H), 7.09 — 7.06 (m, 2H), 6.34 (t, J = 3.5 Hz, 1H), 3.93 (s, 2H), 2.41 (s, 3H) ppm; 3°C
NMR (CDClIs, 100 MHz): ¢ = 185.1, 145.0, 136.8, 135.7, 132.8, 132.3, 130.9, 130.2, 130.2, 129.5,
128.5, 128.0, 124.4, 122.7, 110.6, 45.8, 21.9 ppm; IR (neat, cm™) vmax 1673, 1354, 1174, 1144, 1063,
1036; HRMS (ESI): m/z calcd for C19H16%*BrNOsSNa [M+Na]*: 441.9906; found 441.9901.

2.2 Synthesis of 2-(2-bromophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)propan-1-one 3a?

[ \ N
N
N
Br THF, rt, 12h Br
1 3a

A mixture of 1 (418 mg, 1 mmol), CHzslI (75 pL, 1.2 mmol), NaH (40 mg, 60% dispersion in mineral oil,
1 mmol) and THF (10 mL) under nitrogen was stirred at rt for 12 h. H,O (10 mL) was added. The
mixture was extracted with EtOAc (3 x 20 mL), then dried (Na2S0O.), filtered, and evaporated in vacuo.
The residue was purified by column chromatography on silica gel (3% EtOAc in petroleum ether) to
afford 3a (406 mg, 94%) as a colorless solid; mp 175-176 °C; *H NMR (CDCls, 400 MHz): 5§=7.92 (d,
J=8.4Hz, 2H), 7.75 (dd, J = 3.1, 1.7 Hz, 1H), 7.55 (dd, J = 7.9, 1.2 Hz, 1H), 7.35 (d, J = 8.1 Hz, 2H),
7.14 (td, J = 7.5, 1.2 Hz, 1H), 7.07-7.06 (m, 2H), 6.93 (dd, J = 7.7, 1.7 Hz, 1H), 6.26 (t, J = 3.5 Hz,
1H), 4.78 (q, J = 6.8 Hz, 1H), 2.47 (s, 3H), 1.34 (d, J = 6.8 Hz, 3H) ppm; *C NMR (CDCls, 100 MHz):
o0 =188.3, 1448, 141.4, 136.1, 133.1, 132.9, 130.3, 129.5, 128.6, 128.5, 128.4, 128.2, 123.7, 123.6,
110.6, 47.8, 21.9, 17.7 ppm; IR (neat, cm™) vmax 1673, 1425, 1174, 1141, 1067, 1023; HRMS (ESI):
m/z calcd for C2gH18®'BrNO3SNa [M+Na]*: 456.0063; found 456.0055.

Substrates 3b—3n, 9b were synthesized according to the procedure given above for compound 3a.

2-(2-Bromophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)butan-1-one (3b)

/ N\
N
Ts
Br
428 mg, 96% as a colorless solid; mp 126-128 °C; *H NMR (CDCls, 400 MHz): 5= 7.86 (d, J = 8.3 Hz,
2H), 7.73 (dd, J = 3.1, 1.7 Hz, 1H), 7.52 (dd, J = 7.9, 1.0 Hz, 1H), 7.30 (d, J = 8.1 Hz, 2H), 7.17 (dd, J
= 3.8, 1.6 Hz, 1H), 7.10 (t, J = 7.0 Hz, 1H), 7.02 (td, J = 7.7, 1.6 Hz, 1H), 6.96 (dd, J = 7.7, 1.6 Hz, 1H),
6.25 (t, J = 3.5 Hz, 1H), 4.62 (t, J = 7.2 Hz, 1H), 2.43 (s, 3H), 1.98 (m, 1H), 1.64 (m, 1H), 0.81 (t, J =
7.4 Hz, 3H) ppm; 3C NMR (CDCls, 100 MHz): & = 187.7, 144.7, 139.6, 136.0, 133.5, 133.0, 130.5,
129.4, 128.7, 128.5, 128.4, 128.0, 124.6, 123.7, 110.5, 54.2, 26.7, 21.8, 12.0 ppm; IR (neat, cm™) vmax
1666, 1430, 1172, 1139, 1034; HRMS (ESI): m/z calcd for C21H218'BrNOsS [M+H]*: 448.0400; found

448.0393.
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2-(2-Bromophenyl)-3-phenyl-1-(1-tosyl-1H-pyrrol-2-yl)propan-1-one (3c)

/\

N

O [
Br

488 mg, 98% as a colorless solid; mp 134-135 °C; *H NMR (CDCls, 400 MHz): 5= 7.84 (d, J = 8.4 Hz,
2H), 7.71 (dd, J = 3.1, 1.7 Hz, 1H), 7.48 (dd, J = 8.0, 1.1 Hz, 1H), 7.29 (d, J = 8.1 Hz, 2H), 7.16 — 7.09
(m, 5H), 7.06 — 7.00 (m, 4H), 6.18 (t, J = 3.6 Hz 1H), 4.96 (dd, J = 8.4, 5.7 Hz, 1H), 3.33 (dd, J = 13.6,
8.4 Hz, 1H), 2.79 (dd, J = 13.6, 5.7 Hz, 1H), 2.45 (s, 3H) ppm; 3C NMR (CDCls, 100 MHz): 5= 186.4,
144.7, 139.2, 139.1, 136.0, 133.2, 133.1, 130.7, 129.4, 129.3, 128.8, 128.7, 128.4, 128.2, 128.1, 126.2,
124.5, 124.1, 110.5, 54.8, 39.0, 21.9 ppm; IR (neat, cm™) vmax 1670, 1433, 1372, 1172, 1143, 1016;
HRMS (ESI): m/z calcd for C2sH22®'BrNOsSNa [M+Na]*: 532.0376; found 532.0368.
2,3-Bis(2-bromophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)propan-1-one (3d)
Br

7\

O i
O
Br

575 mg, 98% as a colorless solid; mp 156-158 °C; *H NMR (CDCls, 400 MHz): 6=7.86 (d, J = 8.4 Hz
2H), 7.73 (dd, J = 3.2, 1.7 Hz, 1H), 7.45 (dd, J = 7.9, 1.3 Hz, 1H), 7.37 (dd, J = 8.0, 1.1 Hz, 1H), 7.31
(d, J = 8.0 Hz, 2H), 7.21 — 7.15 (m, 3H), 7.03 — 6.96 (m, 2H), 6.92 (td, J = 7.4, 1.4 Hz, 1H), 6.59 (dd, J
= 7.5, 1.8 Hz, 1H), 6.23 (t, J = 3.6 Hz, 1H), 5.16 (dd, J = 8.8, 5.9 Hz, 1H), 3.46 (dd, J = 13.6, 5.9 Hz,
1H), 2.96 (dd, J = 13.6, 8.8 Hz, 1H), 2.46 (s, 3H) ppm; 1*C NMR (CDCls, 100 MHz): 5= 186.9, 144.8,
138.3, 137.7, 136.0, 133.0, 133.0, 132.7, 131.7, 130.78, 129.5, 129.4, 128.8, 128.4, 128.1, 128.0, 127.0,
125.4, 125.2, 124.1, 110.7, 51.7, 39.9, 21.9 ppm; IR (neat, cm™) vmax 1665, 1372, 1178, 1141, 1023;
HRMS (ESI): m/z calcd for Ca6H2:8'BroNO3sSNa [M+Na]*: 609.9481; found 609.9489.

5-Azido-2-(2-bromophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)pentan-1-one (3e)
N3

I\
N
Ts
Br

496 mg, 99% as a yellow oil; *H NMR (CDCls, 400 MHz): 5= 7.86 (d, J = 8.4 Hz, 2H), 7.74 (dd, J =

3.2, 1.7 Hz, 1H), 7.54 (dd, J = 7.9, 1.3 Hz, 1H), 7.32 (d, J = 8.1 Hz, 2H), 7.14 — 7.10 (m, 2H), 7.04 (td,

J=77,18Hz 1H), 6.96 (dd, J =7.7, 1.7 Hz, 1H), 6.26 (t, J = 3.6 Hz, 1H), 4.71 (t, J = 6.8 Hz, 1H),

3.20 (td, J = 6.9, 2.3 Hz, 2H), 2.45 (s, 3H), 2.02 (m, 1H), 1.67 (m, 1H), 1.55 (m, 1H), 1.40 (m, 1H)

ppm; ¥C NMR (CDCls, 100 MHz): &= 187.1, 144.9, 139.2, 135.9, 133.2, 133.1, 130.7, 129.5, 128.8,
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128.7, 128.4, 128.3, 124.4, 123.8, 110.6, 52.2, 51.4, 30.5, 26.6, 21.9 ppm; IR (neat, cm™) vmax 2094,
1673, 1433, 1365, 1142, 1019; HRMS (ESI): m/z calcd for C22H22'BrN4OsS [M+H]*: 503.0570; found
503.0583.

2,9-Bis(2-bromophenyl)-1,10-bis(1-tosyl-1H-pyrrol-2-yl)decane-1,10-dione (3f)

588 mg, 64% as a colorless solid; mp 135-136 °C; *H NMR (CDCls, 400 MHz): 6= 7.84 (d, J = 7.7 Hz,
4H), 7.74 = 7.73 (m, 2H), 7.50 (d, J = 7.9 Hz, 2H), 7.29 (d, J = 8.2 Hz, 4H), 7.16 (dd, J = 3.6, 1.4 Hz,
2H), 7.08 (t, J = 7.0 Hz, 2H), 7.00 (td, J = 7.7, 1.6 Hz, 2H), 6.95 (d, J = 7.7 Hz, 2H), 6.25 (t, J = 3.4 Hz,
2H), 4.65 (t, J = 7.1 Hz, 2H), 2.42 (s, 6H), 1.93 -1.87 (m, 2H), 1.56 — 1.49 (m, 2H), 1.14 — 1.02 (m, 8H)
ppm; 3C NMR (CDCls, 100 MHz): & = 187.7, 144.7, 139.7, 136.0 133.5, 133.0, 130.5, 129.4, 128.8,
128.5, 128.4, 128.0, 124.5, 123.7, 110.5, 52.6, 33.5, 29.4, 27.2, 27.2, 21.8 ppm; IR (neat, cm™) vimax
1676, 1433, 1364, 1171, 1142, 1018; HRMS (ESI): m/z calcd for CsaHa2"°Bré*BrN,OsS,Na [M+Na]":
941.0723; found 941.0718.
2-(2-Bromophenyl)-3-(4-(2-(2-bromophenyl)-3-oxo-3-(1-tosyl-1H-pyrrol-2-yl)propyl)phenyl)-1-(1
-tosyl-1H-pyrrol-2-yl)propan-1-one (3g)

563 mg, 60 % as a colorless solid; mp 185-186 °C; *H NMR (CDCls, 400 MHz): §=7.82 (dd, J = 8.3,
3.4 Hz, 4H), 7.70 — 7.69 (m, 2H), 7.43 (dd, J = 7.8, 2.1 Hz, 2H), 7.28 (d, J = 7.5 Hz, 4H), 7.13 - 7.06
(m, 4H), 7.03 = 7.00 (m, 4H), 6.74 (d, J = 2.4 Hz, 4H), 6.17 (t, J = 2.9 Hz, 2H), 4.86 (ddd, J = 8.6, 5.7,
3.2 Hz, 2H), 3.23 (dd, J = 13.5, 8.4 Hz, 2H), 2.69 (dt, J = 13.5, 5.4 Hz, 2H), 2.45 (s, 3H), 2.44 (s, 3H)
ppm; ¥C NMR (CDCls, 100 MHz): 5= 186.5, 186.5, 144.7, 144.7, 139.0, 138.9, 137.0, 136.9, 136.0,
135.9, 133.2, 133.1, 133.0, 130.7, 130.6, 129.4, 129.1, 128.8, 128.6, 128.4, 128.0, 127.9, 124.6, 124.5,
124.0, 123.9, 110.5, 110.4, 54.9, 54.8, 38.8, 38.7, 21.9 ppm; IR (neat, cm™) vmax 1677, 1428, 1364,
1170, 1142, 1062; HRMS (ESI): m/z calcd for CasHss"°Br¥'BrN20sS2Na [M+Na]*: 961.0410; found
961.0392.

2-(2-Br0mo-5-f|uorophenyl)-l-(l-tosyl-lH-pyrrosl-72-yl)propan-l-one (3h)



F /
N
Ts

Br

432 mg, 96% as a colorless solid; mp 108-109 °C; *H NMR (CDCls, 400 MHz): 5§=7.84 (d, J = 8.4 Hz,
2H), 7.78 (dd, J = 3.2, 1.7 Hz, 1H), 7.47 (dd, J = 8.8, 5.4 Hz, 1H), 7.32 (d, J = 8.1 Hz, 2H), 7.08 (dd, J
= 3.8, 1.7 Hz, 1H), 6.76 (m, 1H), 6.48 (dd, J = 9.6, 3.0 Hz, 1H), 6.27 (t, J = 3.6 Hz, 1H), 4.73 (9, J =
7.6, 6.8 Hz, 1H), 2.44 (s, 3H), 1.30 (d, J = 6.8 Hz, 3H) ppm; 3C NMR (CDCls, 100 MHz): 5= 187.4,
162.2 (d, Jr.c = 246.3 Hz), 145.2, 143.2 (d, Jr-c = 7.6 Hz), 135.6, 134.2 (d, Jr-c = 8.1 Hz), 132.5, 130.8,
129.5, 128.3, 123.9, 117.7 (d, Jr-c = 3.2 Hz), 115.9 (d, Jrc = 22.4 Hz), 115.4 (d, Jr-c = 23.3 Hz), 110.6,
47.6 (d, Jrc = 1.7 Hz), 21.8, 17.7 ppm; IR (neat, cm™) vmax 1672, 1246, 1176, 1140, 1043; HRMS
(ESI): m/z calcd for CaoH17°BrFNOsSNa [M+Na]*: 471.9989; found 471.9988.
2-(2-Bromo-5-chlorophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)propan-1-one (3i)

o [

Ts
Br

438 mg, 94% as a colorless solid; mp 162-163 °C; *H NMR (CDCls, 400 MHz): 5= 7.86 (d, J = 8.4 Hz,
2H), 7.78 (dd, J = 3.2, 1.7 Hz, 1H), 7.45 (d, J = 8.5 Hz, 1H), 7.33 (d, J = 8.1 Hz, 2H), 7.06 (dd, J = 3.8,
1.7 Hz, 1H), 7.02 (dd, J = 8.5, 2.5 Hz, 1H), 6.85 (d, J = 2.5 Hz, 1H), 6.27 (t, J = 3.6 Hz, 1H), 4.72 (q, J
= 6.8 Hz, 1H), 2.44 (s, 3H), 1.31 (d, J = 6.9 Hz, 3H) ppm; 3C NMR (CDCls, 100 MHz): § = 187.4,
145.0, 143.0, 135.8, 134.1, 134.1, 132.5, 130.8, 129.6, 128.8, 128.5, 128.3, 123.9, 121.5, 110.6, 47.6,
21. 9, 17.8 ppm; IR (neat, cm™) vmax 1669, 1366, 1171, 1142, 1085, 1065, 1022; HRMS (ESI): m/z
calcd for C2oH172*Br3®CINO3SNa [M+Na]*: 489.9673; found 489.9663.
2-(2-Bromo-5-(trifluoromethyl)phenyl)-1-(1-tosyl-1H-pyrrol-2-yl)propan-1-one (3j)

F o I\

" Ts

Br

460 mg, 92% as a colorless solid; mp 134-135 °C; *H NMR (CDCls, 400 MHz): 5= 7.87 (d, J = 8.3 Hz,
2H), 7.78 (dd, J = 3.0, 1.7 Hz, 1H), 7.65 (d, J = 8.3 Hz, 1H), 7.32 = 7.27 (m, 3H), 7.24 (m, 1H), 7.08
(dd, J = 3.8, 1.6 Hz, 1H), 6.27 (t, J = 3.5 Hz, 1H), 4.83 (g, J = 6.9 Hz, 1H), 2.43 (s, 3H), 1.36 (d, J =
6.9 Hz, 3H) ppm; C NMR (CDCls, 100 MHz): & = 187.4, 145.1, 142.2, 135.8, 133.7, 132.5, 130.9,
130.6 (q, Jr-c= 32.7 Hz), 129.5, 128.3, 125.4 (9, Jrc = 3.8 Hz), 125.3 (q, Jrc = 3.6 Hz), 123.8, 123.6
(0, Je-c = 270.9 Hz), 110.6, 47.5, 21. 8, 18.0 ppm; IR (neat, cm™) vmax 1680, 1369, 1329, 1162, 1132,
1083, 1067, 1023; HRMS (ESI): m/z calcd for Co1H1g¥BrFsNOsS [M+H]*: 502.0117; found 502.0120.
2-(2-Bromo-4-fluorophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)propan-1-one (3k)

] N\
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F Br S8



423 mg, 94% as a colorless solid; mp 150-151 °C; *H NMR (CDCls, 400 MHz): 5= 7.89 (d, J = 8.4 Hz,
2H), 7.73 (dd, J = 3.2, 1.7 Hz, 1H), 7.33 (d, J = 8.1 Hz, 2H), 7.27 (m, 1H), 7.03 (dd, J = 3.8, 1.7 Hz,
1H), 6.94 (dd, J = 8.7, 6.0 Hz, 1H), 6.86 (td, J = 8.3, 2.6 Hz, 1H), 6.25 (t, J = 3.6 Hz, 1H), 4.72 (q, J =
6.8 Hz, 1H), 2.45 (s, 3H), 1.30 (d, J = 6.8 Hz, 3H) ppm; 3C NMR (CDCls, 100 MHz): 5= 188.2, 161.2
(d, Jr-c = 248.8 Hz), 144.9, 137.2 (d, Jrc = 3.6 Hz), 136.0, 132.8, 130.4, 129.5 (d, Jrc = 8.4 Hz), 129.5,
128.4, 123.6 (d, Jr.c= 9.3 Hz), 123.4, 120.2 (d, Jrc = 24.2 Hz), 115.5 (d, Jrc = 20.8 Hz), 110.6, 47.0,
21.8, 17.8 ppm; IR (neat, cm™) vmax 1673, 1487, 1365, 1175, 1141, 1026; HRMS (ESI): m/z calcd for
C20H17*'BrFNO3SNa [M+Na]*: 573.9968; found 573.9970.
2-(2-Bromo-4,5-dimethoxyphenyl)-1-(1-tosyl-1H-pyrrol-2-yl)propan-1-one (3I)

[\
’ %

e
o) Br

463 mg, 94% as a colorless solid; mp 168-169 °C; *H NMR (CDCls, 400 MHz): 5= 7.94 (d, J = 8.4 Hz,
2H), 7.68 (dd, J = 3.2, 1.7 Hz, 1H), 7.33 (d, J = 8.1 Hz, 2H), 7.04 (dd, J = 3.8, 1.7 Hz, 1H), 6.98 (s, 1H),
6.60 (s, 1H), 6.23 (t, J = 3.6 Hz, 1H), 4.67 (q, J = 6.8 Hz, 1H), 3.82 (s, 3H), 3.75 (s, 3H), 2.43 (s, 3H),
1.31 (d, J = 6.8 Hz, 3H) ppm; C NMR (CDCls, 100 MHz): &= 189.0, 149.1, 148.5, 144.8, 136.4,
133.4, 133.1, 130.0, 129.5, 128.3, 123.1, 115.5, 113.1, 110.7, 110.6, 56.2, 56.0, 47.6, 21.8, 17.4 ppm,;
IR (neat, cm™) vmax 1668, 1435, 1362, 1247, 1165, 1143, 1003; HRMS (ESI): m/z calcd for
Ca2H2®BrNOsSNa [M+Na]*: 516.0274; found 516.0275.
2-(1-Bromonaphthalen-2-yl)-1-(1-tosyl-1H-pyrrol-2-yl)propan-1-one (3m)
Br 7 \
OO I
443 mg, 92% as a colorless solid; mp 182—183 °C; *H NMR (CDCls, 400 MHz): §=8.31 (d, J = 8.5 Hz,
1H), 7.90 (d, J = 8.3 Hz, 2H), 7.74 (d, J = 7.6 Hz, 1H), 7.69 (dd, J = 3.0, 1.7 Hz, 1H), 7.61 — 7.56 (m,
2H), 7.48 (t, J = 7.4 Hz, 1H), 7.33 (d, J = 8.2 Hz, 2H), 7.07 (dd, J = 3.8, 1.6 Hz, 1H), 7.00 (d, J = 8.5
Hz, 1H), 6.17 (t, J = 3.5 Hz, 1H), 5.09 (q, J = 6.8 Hz, 1H), 2.45 (s, 3H), 1.39 (d, J = 6.8 Hz, 3H) ppm;
13C NMR (CDCls, 100 MHz): 5= 188.4, 144.8, 139.7, 136.1, 133.6, 132.9, 132.7, 130.3, 129.5, 128.6,
128.4,128.3, 127.8, 127.7, 126.8, 125.2, 123.8, 123.3, 110.6, 49.1, 21.9, 17.3 ppm; IR (neat, cm™) vmax
1672, 1362, 1170, 1146, 1030; HRMS (ESI): m/z calcd for C24H20%'BrNO3SNa [M+Na]*: 506.0219;
found 506.0207.
2-(2-Bromophenyl)-1-(5-ethyl-1-tosyl-1H-pyrrol-2-yl)propan-1-one (3n)
I\
Ts
Br

432 mg, 94% as a colorless solid; mp 104-105 °C; *H NMR (CDCls, 400 MHz): 5= 7.95 (d, J = 8.3 Hz,
2H), 7.54 (dd, J = 8.0, L1 Hz, 1H), 7.32 - 7.27 (m, @), 7.23 (td, = 7.6, 1.1 Hz, 1H), 7.06 (td, I = 7.6,



1.8 Hz, 1H), 6.88 (d, J = 3.7 Hz, 1H),5.97 (d, J = 3.8 Hz, 1H), 4.85(q, J = 6.8 Hz, 1H), 2.89(q,J=7.4
Hz, 2H), 2.42 (s, 3H), 1.42 (d, J = 6.9 Hz, 3H), 1.19 (t, J = 7.4 Hz, 3H) ppm; *C NMR (CDCls, 100
MHz): 6 = 190.0, 147.4, 144.7, 141.1, 137.1, 135.8, 132.9, 129.7, 129.4, 128.5, 128.2, 127.7, 124.2,
121.7, 110.4, 48.8, 22.3, 21.8, 17.9, 13.0 ppm; IR (neat, cm™) vmax 1673, 1362, 1174, 1146, 1067,
HRMS (ESI): m/z calcd for C24H20"°BrNOsSNa [M+Na]*: 504.0239; found 504.0236.
2-(3-Bromophenyl)-1-(1-tosyl-1H-pyrrol-2-yl)propan-1-one (9b)

[\
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r

406 mg, 94% as a colorless solid; mp 108-109 °C; *H NMR (CDCls, 400 MHz): 5= 7.84 (d, J = 8.4 Hz,
2H), 7.75 (dd, J = 3.2, 1.7 Hz, 1H), 7.31 - 7.29 (m, 3H), 7.21 (t, J = 1.8 Hz, 1H), 7.09 (t, J = 7.8 Hz,
1H), 7.02 (m, 1H), 6.96 (dd, J = 3.8, 1.7 Hz, 1H), 6.27 (t, J = 3.6 Hz 1H), 4.24 (q, J = 6.9 Hz, 1H), 2.43
(s, 3H), 1.37 (d, J = 6.9 Hz, 3H) ppm; 3C NMR (CDCls, 100 MHz): & = 188.0, 144.9, 143.8, 135.8,
132.7, 130.5, 130.5, 130.4, 130.1, 129.5, 128.3, 126.2, 123.8, 122.8, 110.5, 48.5, 21.9, 19.0 ppm; IR
(neat, cm™) vmax 1673, 1357, 1168, 1147, 1066; HRMS (ESI): m/z calcd for CaoH1s®'BrNOsSNa
[M+Na]*: 456.0063; found 456.0057.

2-(2-Bromophenyl)-1-(1H-pyrrol-2-yl)propan-1-one (8)

I\

N
Br

A mixture of 1 (418 mg, 1 mmol), NaOH (639 mg, 16 mmol) and CH3OH (10 mL) was stirred at 70 °C
for 10 h, before being cooled and concentrated in vacuo. The residue was partitioned between EtOAc
(20 mL) and H20 (10 mL). The separated aqueous phase was extracted with EtOAc (2 x 20 mL), and
then dried (NaxSOs), filtered, and evaporated in vacuo. The residue was purified by column
chromatography on silica gel (3% EtOAc in petroleum ether) to afford 8 (261 mg, 94%) as a colorless
solid; mp 115-116 °C; *H NMR (CDCls, 400 MHz): & = 9.64 (s, 1H), 7.57 (dd, J = 8.0, 1.2 Hz, 1H),
7.34 (dd, J =7.8, 1.7 Hz, 1H), 7.22 (td, J = 7.6, 1.1 Hz, 1H), 7.06 (td, J = 7.9, 1.7 Hz, 1H), 6.98 (m,
1H), 6.96 (m, 1H), 6.21 (dt, J = 3.8, 2.5 Hz, 1H), 4.93 (g, J = 6.9 Hz, 1H), 1.48 (d, J = 6.9 Hz, 3H) ppm;
13C NMR (CDCls, 100 MHz): §=190.4, 141.5, 133.2, 131.4, 128.8, 128.5, 128.1, 124.9, 124.0, 117.0,
111.0, 46.5, 18.2 ppm; IR (neat, cm™) vmax 3265, 1630, 1287, 1109, 1045, 1016; HRMS (ESI): m/z
calcd for C13H13"°BrNO [M+H]*: 278.0175; found 278.0172.

3. References:
[1] C. Song, D. W. Knight and M. A. Whatton, Tetrahedron Lett., 2004, 45, 9573-9576.

[2] M. L. McIntosh, C. M. Moore and T. B. Clark, Org. Lett., 2010, 12, 1996-1999.
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[ \ Current Data Parameters
_ N NAME K-G17
EXPNO 10
= H PROCNO 1
F2 - Acquisition Parameters
Br Date_ 20170322
Time 13.55
2 INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
| SWH 8012.820 Hz
I FIDRES 0.122266 Hz
i | AQ 4.0894465 sec
I RG 114.84
DW 62.400 usec
DE 6.50 usec
| TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.09 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300171 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
b BINE N
R N N D L D I I I I I I
11 10 9 8 7 6 5 4 3 2 1 0 ppm
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Current Data Parameters

NAME K-G17
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170322

Time 14.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W

F2 - Processing parameters
ST 32768

SF 100.6127593 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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— Current Data Parameters
N Y/ NAME zqg-73iv
EXPNO 10
N H PROCNO 1
\ F2 - Acquisition Parameters
Date_ 20161024
Time 21.30
4a INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT DMSO
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 114.84
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
====== CHANNEL f1l ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.31 usec
PLW1 16.00000000 W
| F2 - Processing parameters
ST 65536
| | SF 400.1300000 MHz
| I WDW EM
I SSB 0
[ LB 0.30 Hz
I GB 0
J£ ’J PC 1.00
L_,A.»";
I B e e L B B WL B
8 7 6 5 4 3 2 1 0 ppm
(=] QI |(O[O| (=] - o0
<l (@ q? ] Q QS QS
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NAME zqq-731iv
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161024

Time 22.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT DMSO

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.09 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.17121001 w
PLW13 0.13868000 W

F2 - Processing parameters
ST 32768

SF 100.6128145 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



7.367
7.365
7.349
7.347
7.167
7.147
7.125
6.777
6.775
6.758
6.756
6.739
6.737
6.734
6.731
6.724
6.721
6.547
6.541
6.537
6.531
6.426
6.406
5.611
1.639

T\ ——r
BRUKER

O Current Data Parameters
NAME Z00-126
- EXPNO 10
PROCNO 1
N/
F2 - Acquisition Parameters
N D Date_ 20161217
CD3 Time 12.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
4a-D D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 125.55
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.31 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
oo SF 400.1300128 MHz
| | WDW EM
| SSB 0
l ' LB 0.30 Hz
GB 0
[ PC 1.00
R |

9 5 4 3 2 1 0 ppm
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Current Data Parameters

NAME Z00-126-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161219

Time 10.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.09 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.17121001 w
PLW13 0.13868000 W

F2 - Processing parameters
ST 32768

SF 100.6127587 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



7.625
7.623
7.606
7.603
7.215
7.195
7.176
7.158
7.138
7.084
7.080
7.065
7.061
7.046
7.042
6.980
6.975
6.833
6.824
6.498

/
%

6.493
6.489
6.483
5.740

— 2.262

—1.779

0] a ]
N
NM
Br ©2
5
1y
o [
|
4k4A) #,»JLJAJtAJAJ¥NJK AJ
10 9 8 7 6 5 4 3 2 1 0 ppm
Y
] A | | | ] B SA3 |

Current Data Parameters

NAME ZQ0Q0—-83B
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170402

Time 12.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 69.41

DW 62.400 usec
DE 6.50 usec
TE 298.0 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 9.09 usec
PLW1 16.00000000 W

F2 - Processing parameters
ST 65536

SF 400.1300090 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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Current Data Parameters

NAME ZQ0Q0—-83B
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170402

Time 13.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W

F2 - Processing parameters
ST 32768

SF 100.6128588 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters

NAME ZQ0Q0—-86B
EXPNO 10
0] PROCNO 1
— F2 - Acquisition Parameters
y/ Date_ 20161103
N Time 10.33
N H INSTRUM spect
PROBHD 5 mm PABBO BB/
\ PULPROG zg30
TD 65536
SOLVENT DMSO
4b NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 91.76
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.31 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300024 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
| | PC 1.00
| |
I \
I |'| |'|I
b it W
. o .

8 7 6 5 4 3 2 1 0 ppm
S REEEERE 3 313 3
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Current Data Parameters

NAME ZQ0Q0—-86B
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161103

Time 10.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT DMSO

NS 199

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.09 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.17121001 w
PLW13 0.13868000 W

F2 - Processing parameters
ST 32768

SF 100.6128163 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



Current Data Parameters

T o —— |/ | an

NAME Z2Q0-142
EXPNO 10
Ph PROCNO 1
—
Y/ F2 - Acquisition Parameters
N Date_ 20161230
Time 9.00
N H INSTRUM spect
\ PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
4c SOLVENT cpCl13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 82.33
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1

======== CHANNEL f1l ========

SFO1 400.1324710 MHz
NUC1 1H
Pl 9.31 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300159 MHz
WDW EM
SSB 0
LB 0.30 Hz
| | ' GB 0
I | PC 1.00
[
|
I A \ \ N J

9 5 4 3 2 1 0 ppm
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Current Data Parameters

NAME ZQ0Q-142
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161230

Time 9.59
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.09 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.17121001 w
PLW13 0.13868000 W

F2 - Processing parameters
ST 32768

SF 100.6127597 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



Current Data Parameters

NAME ZQ0-154B
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170108
Time 21.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13

4d NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 125.55
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.31 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300122 MHz
WDW EM
SSB 0
LB 0.30 Hz

| GB 0
I PC 1.00
[
) N "

8 7 6 5 4 3 2 1 0 ppm
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Current Data Parameters
NAME ZQ0-154B
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170108
Time 22.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09
DW 20.800 usec
4d DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.09 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
| PCPD2 90.00 usec
I PLW2 16.00000000 W
PLW12 0.17121001 w
PLW13 0.13868000 W
| F2 - Processing parameters
| ST 32768
SF 100.6127571 MHz
WDW EM
‘ SSB 0
LB 1.00 Hz
GB 0
T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' PC 1.40
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters

NAME ZQ0-185B
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170428
Time 20.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 82.33

DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1

======== CHANNEL fl ========

SFO1 400.1324710 MHz
NUC1 1H

Pl 9.09 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536

SF 400.1300130 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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Current Data Parameters
NAME ZQ0-185B
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170428
N3 Time 21.32
0 INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
- D 65536
N/ SOLVENT CDC13
NS 1024
N H DS 4
\ SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
4e RG 207.09
DW 20.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
| PCPD2 90.00 usec
PLW2 16.00000000 W
' PLW12 0.16322000 W
PLW13 0.13220000 W
F2 - Processing parameters
ST 32768
SF 100.6127600 MHz
) ! WDW EM
o SSB 0
LB 1.00 Hz
GB 0
I j I j I j I j I j I j I j I j I j I j I j PC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME ZQ0-172B
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170215
Time 12.01
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 91.76
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.09 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300125 MHz
WDW EM
SSB 0
| LB 0.30 Hz

GB 0

i \ IH l|| PC 1.00

JM,JVM Y . JL_M l

8 7 6 5 4 3 2 1 0 ppm
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Current Data Parameters

NAME ZQ0-172B
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170215

Time 13.01
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W

F2 - Processing parameters
ST 32768

SF 100.6127585 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



NV BRUKER

Current Data Parameters

NAME ZQ0-201D
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170418
Time 2.51
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 82.33
DW 62.400 usec
DE 6.50 usec
TE 300.3 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.09 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300155 MHz
WDW EM
SSB 0

I | 1B 0.30 Hz

ﬂ I | GB 0
PC 1.00
| 1

8 7 6 5 4 3 2 1 0 ppm
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Current Data Parameters

NAME ZQ0-201D
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170418

Time 11.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 8973

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 301.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W

F2 - Processing parameters
ST 32768

SF 100.6127595 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



7.162
7.154
7.106
7.100
7.086
7.080
6.858
6.852
6.836
6.830
6.814
6.808
6.756
6.754
6.746
6.744
6.567
6.561
6.557
6.551
6.319
6.309
6.297
6.287
5.624
—3.155
1.630

sk BRUKER

Current Data Parameters

NAME Z00-162
EXPNO 10
PROCNO 1
o L
F2 - Acquisition Parameters
= Date_ 20170114
F Time 19.55
N Y INSTRUM spect
PROBHD 5 mm PABBO BB/
N H PULPROG 2930
\ D 65536
SOLVENT CDC13
NS 16
4h DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 114.84
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.31 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300103 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
o . LA JLﬁuJ¥AMA;, Jl
R D D D T T L R B
9 8 5 4 3 2 1 ppm
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Current Data Parameters

NAME Z00-162
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170114

Time 20.55
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.1 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.09 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.17121001 w
PLW13 0.13868000 W

F2 - Processing parameters
ST 32768

SF 100.6127575 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



6.291
5.618
3.150
1.613

Current Data Parameters

= V= ahORER
(>3O

NAME Z00-163
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170402
Cl - Time 20.11
N Y/ INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
N\ H TD 65536
SOLVENT CDC13
. NS 16
4i DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 69.41
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.09 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300114 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
. _JL L,JLAL . N
R R D D D T T I
9 8 7 6 5 4 3 2 1 0 ppm
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| K\\’ \%/)/) \/ Current Data Parameters
NAME Z00-163
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170402
0] Time 21.11
INSTRUM spect
cl = PROBHD 5 mm PABBO BB/
N Y/ PULPROG zgpg30
TD 65536
SOLVENT CDC13
N\ H NS 1024
DS 4
| SWH 24038.461 Hz
4i FIDRES 0.366798 Hz
| I AQ 1.3631488 sec
RG 207.09
DW 20.800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W
F2 - Processing parameters
ST 32768
SF 100.6127625 MHz
J WDW EM
W oo vl h ) L h oo l SSB 0
LB 1.00 Hz
GB 0
T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' PC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME ZQQ-177
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170301

Time 1.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 82.33

DW 62.400 usec
DE 6.50 usec
TE 298.0 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 9.09 usec
PLW1 16.00000000 W

F2 - Processing parameters
ST 65536

SF 400.1300110 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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Current Data Parameters

NAME ZQQ-177
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170301

Time 2.01
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W

F2 - Processing parameters
ST 32768

SF 100.6127589 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters
NAME Z00-164
0] EXPNO 10
PROCNO 1
—
N / F2 - Acquisition Parameters
Date_ 20170116
Time 14.57
F N\ H INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
4k D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 140.62
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.31 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300102 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
| i PC 1.00
|
| |
I
e N .
R R A D R D U DL I IR IR I
10 9 8 7 6 5 4 3 2 1 0 ppm
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Current Data Parameters

NAME Z00-164
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170116

Time 15.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.09 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.17121001 w
PLW13 0.13868000 W

F2 - Processing parameters
ST 32768

SF 100.6127567 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters
NAME ZQ0-196C
EXPNO 10
o) PROCNO 1
F2 - Acquisition Parameters
MeO - Date_ 20170328
N Time 14.43
INSTRUM spect
N H PROBHD 5 mm PABBO BB/
MeO \ PULPROG zg30
TD 65536
SOLVENT CDC13
4] NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 100.89
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.09 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300079 MHz
WDW EM
SSB 0
| LB 0.30 Hz
| GB 0
‘ PC 1.00
/J wau a A
R D D D L B B
8 7 6 5 2 1 0 ppm
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Current Data Parameters

NAME ZQ0-196C
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170328

Time 15.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W

F2 - Processing parameters
ST 32768

SF 100.6127590 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters
NAME ZQ0-196B
EXPNO 10
0 / I PROCNO 1
MeO N F2 - Acquisition Parameters
Date_ 20170328
NMe2 Time 9.09
MeO Br INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
6 TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 61.85
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
I TDO 1
| ======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.09 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300049 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
' PC 1.00
|
Vo
P | AW N NS
I D e e L
7 6 5 4 3 2 1 0 ppm
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Current Data Parameters
NAME ZQ0-196B
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170328
Time 10.09
0 74 INSTRUM spect
N I PROBHD 5 mm PABBO BB/
PULPROG zgpg30
MeO TD 65536
SOLVENT CDC13
NMe, NS 1024
MeO Br DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
6 AQ 1.3631488 sec
RG 207.09
DW 20.800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W
II F2 - Processing parameters
ST 32768
SF 100.6127629 MHz
WDW EM
| . e (R Dbt I el SSB 0
LB 1.00 Hz
GB 0
| ' | ' | ' | ' | ' | ' | ' | ' | ' | ' | ' PC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

NAME H-287
EXPNO 10
PROCNO 1
—
N Y/ F2 - Acquisition Parameters

Date_ 20170330
Time 9.15

h{ H INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536

4am SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 100.89
DW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.09 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300157 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

9 5 4 3 2 1 0 ppm
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Current Data Parameters
NAME H-287-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
O Date_ 20170405
Time 7.30
- INSTRUM spect
/ PROBHD 5 mm PABBO BB/
N PULPROG zgpg30
TD 65536
N H [ SOLVENT cpCl13
\ NS 1024
DS 4
SWH 24038.461 Hz
4am FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09
DW 20.800 usec
DE 6.50 usec
TE 298.3 K
D1 2.00000000 sec
D11 0.03000000 sec
| TDO 1
======== CHANNEL fl ========
' SFo1 100.6228293 MHz
NUC1 13C
Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W
F2 - Processing parameters
ST 32768
SF 100.6127607 MHz
WDW EM
AT L LA A T . iy i My o ““,v;v—W’JL' oo oot - A i iy K SSB 0
LB 1.00 Hz
GB 0
T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T PC 1.40
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters

0] NAME ZQ0-228H
EXPNO 10
e PROCNO 1
N/ L
F2 - Acquisition Parameters
N H Date_ 20170522
\ Time 18.04
INSTRUM spect
PROBHD 5 mm PABBO BB/
4n PULPROG 2930
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 161.54
DW 62.400 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.09 usec
PLW1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300114 MHz
“ WDW EM
SSB 0
II i LB 0.30 Hz
i | GB 0
PC 1.00
o i
¥ . N |
R N D D I D R I
8 7 6 5 4 3 2 1 0 ppm
DN [DIN][—|D (=] o0 N~ ol N
s|o|[o|a|al® S S| |2 %S
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Current Data Parameters

NAME 700-228
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170520

Time 2.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 5120

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 297.9 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W

F2 - Processing parameters
ST 32768

SF 100.6127571 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters

NAME ZQ0-145D
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170326

Time 23.19
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 91.76

DW 62.400 usec
DE 6.50 usec
TE 298.0 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 9.09 usec
PLW1 16.00000000 W

F2 - Processing parameters
ST 65536

SF 400.1300151 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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Current Data Parameters

NAME ZQ0-145D
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170327

Time 0.19
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W

F2 - Processing parameters
ST 32768

SF 100.6127676 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters

NAME ZQQ0—-145A
EXPNO 22
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161231

Time 13.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 140.62

DW 62.400 usec
DE 6.50 usec
TE 297.9 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 9.31 usec
PLW1 16.00000000 W

F2 - Processing parameters
ST 65536

SF 400.1300099 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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Current Data Parameters
| NAME ZQQ-145A
I EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161231
Time 13.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
Me2N D 65536
SOLVENT CDC13
NS 1024
0O DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
N™X AQ 1.3631488 sec
— RG 207.09
DW 20.800 usec
7 DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.09 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.17121001 w
PLW13 0.13868000 W
I | F2 - Processing parameters
ST 32768
I SF 100.6127561 MHz
- . . . | l . - ) WDW EM
' ! Y ' ' ‘ il SSB 0
LB 1.00 Hz
GB 0
I j I j I j I j I j I j I j I j I j I j I j PC 1.40
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters

NAME 70Q0-148
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170105

Time 1.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 100.89

DW 62.400 usec
DE 6.50 usec
TE 298.0 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 9.31 usec
PLW1 16.00000000 W

F2 - Processing parameters
ST 65536

SF 400.1300087 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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Current Data Parameters

NAME Z0Q-148
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170403

Time 21.48
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 207.09

DW 20.800 usec
DE 6.50 usec
TE 299.1 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.65 usec
PLW1 73.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 16.00000000 W
PLW12 0.16322000 W
PLW13 0.13220000 W

F2 - Processing parameters
ST 32768

SF 100.6127603 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



5. NOE Spectra of compound 5

Bat ch NG 201704003

Sanpl e Nane

huanganl vdaqgi nna
Data Col | ected on

Agi | ent - NVR- vhnr s400
Archive directory

Sanpl e directory:
Fi dFi | ez NOESY

Pul se Sequence: NOESY
Sol vent: cdcl 3
Data collected on: Apr 14 2017

Qperator: lyj

Rel ax. delay 1.000 sec

Acq. time 0.150 sec

W dth 4006. 4 Hz

2D Wdth 4006.4 Hz

8 repetitions

2 x 200 increnents
OBSERVE  H1, 399.7902626 MHz
DATA PROCESSI NG

Gauss apodi zation 0.069 sec
F1 DATA PROCESSI NG

Gauss apodi zation 0.046 sec
FT size 2048 x 2048

Total tinme 1 hr, 30 nmin

O a ]
N
NMe
Br 2
5

.
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6. X-ray crystal structure of 4a and 4d

5,9b-Dimethyl-5,9b-dihydropyrrolizino[3,2-b]indol-10(4aH)-one (4a)
The structure of 4a was determined by X-ray diffraction. The X-ray data have been deposited at the
Cambridge Crystallographic Data Center (CCDC1542588).

o - \
> T / ~

Table 1.
Crystal data
Chemical formula CaoH2sN405
Mr 476.56
Crystal system, space group Monoclinic, P21/n
Temperature (K) 292(2)
a, b, c(A) 9.8465 (5), 26.3558 (14), 9.9725 (5)
a(°) 90
B(°) 104.267(2)
v (%) 90
V (A% 2508.2(2)
Z 4
Absorption coefficient (mm~”-1) 0.640
F(000) 1008
Crystal size (mm) 0.20 x 0.18 x 0.16
Theta range for data collection 3.351t068.42
Limiting indices -11<=h<=11, -31<=k<=31, -11<=I<=11
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Reflections collected / unique 27797 / 4559 [R(int) = 0.0304]
Completeness to theta = 68.42 99.2 %

Max. and min. transmission 0.9045 and 0.8826

Refinement method Full-matrix least-squares on F"2
Data / restraints / parameters 4559/0/ 329

Goodness-of-fit on F"2 1.033

Final R indices [I>2sigma(l)] R1=0.0420, wR2 =0.1109

R indices (all data) R1=0.0474, wR2 = 0.1155
Largest diff. peak and hole (A”-3) | 0.128 and -0.236 e.

Table 2. Atomic coordinates ( x 10"4) and equivalent isotropic displacement parameters (A2 x
1073) for a. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

X y z U(eq)

C(14) 200(2) 427(1) 1970(2) 64(1)

0O(1) 3133(1) 73(1) 2954(1) 70(1)
0(2) 2361(2) 7632(1) 8329(1) 85(1)
N(1) 1251(1) 1673(1) 2200(1) 57(1)
N(2) 2603(1) 1254(1) 4285(1) 49(1)
N(3) 3368(2) 9235(1) 7134(2) 71(1)
N(4) 3321(1) 8861(1) 9362(1) 56(1)
C@) 2066(2) 1809(1) 43(2) 66(1)
C(2) 2518(2) 1563(1) -995(2) 78(1)
C(3) 2640(2) 1045(1) -1019(2) 75(1)
C4) 2306(2) 752(1) 14(2) 60(1)
C(5) 1869(1) 991(1) 1067(1) 46(1)
C(6) 1742(1) 1517(1) 1080(1) 49(1)
C(7) 1481(1) 772(1) 2323(1) 45(1)
C(8) 2774(1) 496(1) 3215(1) 48(1)
C(9) 3420(1) 827(1) 4326(1) 48(1)
C(10) 1316(1) 1260(1) 3149(1) 49(1)
C(11) 4563(2) 873(1) 5456(2) 59(1)
C(12) 4406(2) 1333(1) 6080(2) 68(1)
C(13) 3189(2) 1560(1) 5351(2) 63(1)
C(15) 1179(2) 2197(1) 2598(2) 78(1)
C(16) 1451(2) 9260(1) 4955(2) 83(1)
Cc@av7) 566(2) 8957(1) 3990(2) 95(1)
C(18) 569(2) 8441(1) 4108(2) 87(1)
C(19) 1482(2) 8201(1) 5220(2) 66(1)
C(20) 2381(1) 8497(1) 6190(1) 51(1)
C(21) 2367(2) 9022(1) 6068(2) 59(1)
C(22) 3475(1) 8340(1) 7473(1) 50(1)
C(23) 2746(2) 8070(1) 8467(2) 57(1)
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C(24) 2621(2) 8427(1) 9521(2) 58(1)
C(25) 2096(2) 8487(1) 10683(2) 77(1)
C(26) 2504(2) 8964(1) 11215(2) 83(1)
C(27) 3267(2) 9190(1) 10397(2) 73(1)
C(28) 3583(2) 9770(1) 7354(3) 96(1)
C(29) 4659(2) 8023(1) 7163(2) 70(1)
C(30) 3945(1) 8862(1) 8156(2) 57(1)
Table 3. Bond lengths [A] and angles [deg] for a.
C(14)-C(7) 1.5244(18) C(11)-C(12) 1.390(2)
C(14)-H(14A) 0.9600 C(11)-H(11) 0.9300
C(14)-H(14B) 0.9600 C(12)-C(13) 1.376(2)
C(14)-H(14C) 0.9600 C(12)-H(12) 0.9300
O(1)-C(8) 1.2174(16) C(13)-H(13) 0.9300
0(2)-C(23) 1.2133(17) C(15)-H(15A) 0.9600
N(1)-C(6) 1.3841(18) C(15)-H(15B) 0.9600
N(1)-C(10) 1.4320(17) C(15)-H(15C) 0.9600
N(1)-C(15) 1.4427(19) C(16)-C(17) 1.381(3)
N(2)-C(13) 1.3461(18) C(16)-C(21) 1.395(2)
N(2)-C(9) 1.3785(16) C(16)-H(16) 0.9300
N(2)-C(10) 1.4769(17) C(17)-C(18) 1.365(3)
N(3)-C(21) 1.379(2) C(A7)-H(17) 0.9300
N(3)-C(30) 1.429(2) C(18)-C(19) 1.395(2)
N(3)-C(28) 1.436(2) C(18)-H(18) 0.9300
N(4)-C(27) 1.3587(19) C(19)-C(20) 1.379(2)
N(4)-C(24) 1.3652(19) C(19)-H(19) 0.9300
N(4)-C(30) 1.4797(19) C(20)-C(21) 1.389(2)
C(1)-C(2) 1.385(3) C(20)-C(22) 1.5121(19)
C(1)-C(6) 1.389(2) C(22)-C(29) 1.5281(19)
C(1)-H(®1) 0.9300 C(22)-C(23) 1.5346(19)
C(2)-C(3) 1.372(3) C(22)-C(30) 1.5521(19)
C(2)-H(2) 0.9300 C(23)-C(24) 1.438(2)
C(3)-C(4) 1.390(2) C(24)-C(25) 1.390(2)
C(3)-H(3) 0.9300 C(25)-C(26) 1.385(3)
C(4)-C(5) 1.381(2) C(25)-H(25) 0.9300
C(4)-H4) 0.9300 C(26)-C(27) 1.373(3)
C(5)-C(6) 1.3904(19) C(26)-H(26) 0.9300
C(5)-C(7) 1.5111(17) C(27)-H(27) 0.9300
C(7)-C(8) 1.5441(17) C(28)-H(28A) 0.9600
C(7)-C(10) 1.5571(18) C(28)-H(28B) 0.9600
C(8)-C(9) 1.4307(19) C(28)-H(28C) 0.9600
C(9)-C(11) 1.3872(19) C(29)-H(29A) 0.9600
C(10)-H(10) 0.9800 C(29)-H(29B) 0.9600



C(29)-H(29C)
C(30)-H(30)
C(7)-C(14)-H(14A)
C(7)-C(14)-H(14B)

H(14A)-C(14)-H(14B)

C(7)-C(14)-H(14C)

H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)

C(6)-N(1)-C(10)
C(6)-N(1)-C(15)
C(10)-N(1)-C(15)
C(13)-N(2)-C(9)
C(13)-N(2)-C(10)
C(9)-N(2)-C(10)
C(21)-N(3)-C(30)
C(21)-N(3)-C(28)
C(30)-N(3)-C(28)
C(27)-N(4)-C(24)
C(27)-N(4)-C(30)
C(24)-N(4)-C(30)
C(2)-C(1)-C(6)
C(2)-C(1)-H()
C(6)-C(1)-H()
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-HE)
C(4)-C(3)-H@)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-C(7)
C(6)-C(5)-C(7)
N(1)-C(6)-C(1)
N(1)-C(6)-C(5)
C(1)-C(6)-C(5)
C(5)-C(7)-C(14)
C(5)-C(7)-C(8)
C(14)-C(7)-C(8)
C(5)-C(7)-C(10)
C(14)-C(7)-C(10)
C(8)-C(7)-C(10)

0.9600
0.9800
109.5
109.5

109.5
109.5

109.5
109.5

109.84(10)
123.84(13)
122.79(13)
109.40(12)
135.98(11)
114.59(10)
110.60(12)
124.68(16)
123.35(16)
109.31(14)
136.01(14)
114.68(11)
118.14(15)
120.9
120.9
121.67(15)
119.2
119.2
120.17(16)
119.9
119.9
118.95(15)
120.5
120.5
120.54(13)
130.16(12)
109.30(11)
128.73(13)
110.73(11)
120.52(14)
113.59(11)
108.46(10)
111.69(11)
101.74(10)
115.28(11)
105.27(10)
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0(1)-C(8)-C(9)
0(1)-C(8)-C(7)
C(9)-C(8)-C(7)
N(2)-C(9)-C(11)
N(2)-C(9)-C(8)
C(11)-C(9)-C(8)
N(L)-C(10)-N(2)
N(L)-C(10)-C(7)
N(2)-C(10)-C(7)
N(L)-C(10)-H(10)
N(2)-C(10)-H(10)
C(7)-C(10)-H(10)
C(9)-C(11)-C(12)
C(9)-C(11)-H(11)
C(12)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
N(2)-C(13)-C(12)
N(2)-C(13)-H(13)
C(12)-C(13)-H(13)
N(L)-C(15)-H(15A)
N(1)-C(15)-H(15B)

H(15A)-C(15)-H(15B)

N(1)-C(15)-H(15C)

H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)

C(17)-C(16)-C(21)
C(17)-C(16)-H(16)
C(21)-C(16)-H(16)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(16)-C(17)-H(17)
C(17)-C(18)-C(19)
C(17)-C(18)-H(18)
C(19)-C(18)-H(18)
C(20)-C(19)-C(18)
C(20)-C(19)-H(19)
C(18)-C(19)-H(19)
C(19)-C(20)-C(21)
C(19)-C(20)-C(22)
C(21)-C(20)-C(22)
N(3)-C(21)-C(20)

N(3)-C(21)-C(16)

128.83(12)
123.42(12)
107.75(10)
107.74(12)
109.26(11)
142.99(13)
113.96(11)
05.73(11)
102.43(9)
111.4
111.4
111.4
106.36(13)
126.8
126.8
108.75(14)
125.6
125.6
107.74(13)
126.1
126.1
109.5
109.5
109.5
109.5
109.5
109.5
117.88(18)
121.1
121.1
121.86(18)
119.1
119.1
120.45(19)
119.8
119.8
118.59(18)
120.7
120.7
120.64(14)
129.78(14)
109.58(12)
110.40(13)
129.00(16)



C(20)-C(21)-C(16) 120.57(16) N(4)-C(27)-H(27) 126.1
C(20)-C(22)-C(29) 113.47(12) C(26)-C(27)-H(27) 126.1
C(20)-C(22)-C(23) 108.90(11) N(3)-C(28)-H(28A) 109.5
C(29)-C(22)-C(23) 112.19(12) N(3)-C(28)-H(28B) 109.5
C(20)-C(22)-C(30) 101.75(11) H(28A)-C(28)-H(28B)  109.5
C(29)-C(22)-C(30) 114.43(12) N(3)-C(28)-H(28C) 109.5
C(23)-C(22)-C(30) 105.29(11) H(28A)-C(28)-H(28C)  109.5
0(2)-C(23)-C(24) 128.67(15) H(28B)-C(28)-H(28C)  109.5
0(2)-C(23)-C(22) 123.47(14) C(22)-C(29)-H(29A) 109.5
C(24)-C(23)-C(22) 107.86(11) C(22)-C(29)-H(29B) 109.5
N(4)-C(24)-C(25) 107.67(14) H(29A)-C(29)-H(29B)  109.5
N(4)-C(24)-C(23) 109.06(13) C(22)-C(29)-H(29C) 109.5
C(25)-C(24)-C(23) 143.19(16) H(29A)-C(29)-H(29C)  109.5
C(26)-C(25)-C(24) 106.86(17) H(29B)-C(29)-H(29C)  109.5
C(26)-C(25)-H(25) 126.6 N(3)-C(30)-N(4) 114.09(12)
C(24)-C(25)-H(25) 126.6 N(3)-C(30)-C(22) 105.86(12)
C(27)-C(26)-C(25) 108.39(16) N(4)-C(30)-C(22) 102.56(11)
C(27)-C(26)-H(26) 125.8 N(3)-C(30)-H(30) 111.3
C(25)-C(26)-H(26) 125.8 N(4)-C(30)-H(30) 111.3
N(4)-C(27)-C(26) 107.75(16) C(22)-C(30)-H(30) 111.3

Table 4. Anisotropic displacement parameters (A”2 x 1073) for a. The anisotropic
displacement factor exponent takes the form: -2 pi*2 [ "2 a*"2 U11 + ... + 2 h k a*
b* U12 ]

U1l U22 U33 u23 U13 U12
C(14)  50(1) 62(1) 80(1) 5(1) 12(1) -10(1)
o) 72(1) 44(1) 85(1) -1(1) 4(1) 13(1)
0@2)  107(1) 51(1) 95(1) 4(1) 23(1) -16(1)
N(1) 63(1) 43(1) 62(1) 5(1) 9(1) 12(1)
N(2) 50(1) 54(1) 45(1) -1(1) 14(1) 8(1)
N(3) 83(1) 51(1) 82(1) 7(1) 25(1) -13(1)
N(4) 50(1) 58(1) 55(1) -10(1) 3(1) 0(1)
c) 66(1) 62(1) 61(1) 20(1) -4(1) -9(1)

C2) 78(1) 103(1) 47(2) 21(1) 7(1) -16(1)
C(3) 79(1) 100(1) 45(1) 1(1) 15(1) -6(1)
C(4) 60(1) 66(1) 51(1) -6(1) 7(1) 0(1)
C(5) 40(1) 49(1) 45(1) 4(1) 3(1) -1(1)
C(6) 43(1) 50(1) 49(1) 8(1) -1(1) 0(1)
c(7) 40(1) 43(1) 51(1) 4(2) 10(1) 1(1)
C(8) 47(1) 42(1) 55(1) 9(1) 14(1) 4(2)
C(9) 47(1) 50(1) 47(2) 9(1) 13(1) 7(1)
C(10)  41(1) 52(1) 55(1) 4(2) 15(1) 7(1)
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Cc(11)  55(1) 68(1) 49(1) 10(1) 6(1) 7(1)

Cc(12)  72(1) 83(1) 44(1) -5(1) 5(1) 0(1)
C(13)  74(1) 68(1) 49(1) -11(1) 19(1) 7(1)
Cc(15)  79(1) 47(1) 108(1) -2(1) 22(1) 14(1)
C(16)  84(1) 94(1) 79(1) 39(1) 37(1) 18(1)
Cc(17)  80(1) 146(2) 56(1) 26(1) 15(1) 24(1)
c(18)  66(1) 136(2) 53(1) -13(1) 5(1) 12(1)
C(19)  53(1) 86(1) 57(1) -18(1) 12(1) 6(1)
C(20)  43(1) 64(1) 50(1) “1(1) 17(1) 4(1)
C(21)  58(1) 66(1) 59(1) 11(1) 26(1) 1(1)
C(22)  44(1) 49(1) 56(1) -6(1) 9(1) -2(1)
C(23)  56(1) 50(1) 60(1) 6(1) 5(1) -3(1)
C(24)  57(1) 64(1) 50(1) 5(1) 7(1) 2(1)
C(25)  76(1) 100(1) 55(1) 15(1) 17(1) 11(1
C(26)  83(1) 111(2) 52(1)  -12(1) 9(1) 22(1)
Cc(27)  67(1) 75(1) 66(1) -23(1) -5(1) 10(1)
C(28)  93(1) 54(1) 149(2) 2(1) 46(1)  -19(1)
C(29)  50(1) 73(1) 83(1) -14(1) 8(1) 9(1)
C(30)  46(1) 56(1) 70(1) -9(1) 13(1) -9(1)

Table 5. Hydrogen coordinates ( x 1074) and isotropic displacement parameters
(AN2 x 10M3) for a.

X y z U(eq)

H(14A) -571 606 1383 97
H(14B) -45 328 2806 97
H(14C) 410 131 1499 97
H(1) 1981 2161 45 79
H(2) 2745 1754 -1694 93

H(3) 2947 889 -1728 90

H(4) 2376 400 -3 72

H(10) 473 1245 3503 58
H(11) 5290 641 5739 70
H(12) 5022 1466 6862 82
H(13) 2836 1870 5557 76
H(15A) 2111 2330 2917 117
H(15B) 701 2219 3327 117
H(15C) 679 2390 1815 117
H(16) 1437 9611 4865 99
H(17) -50 9109 3239 113

H(18) -42 8248 3442 104

H(19) 1484 7850 5306 79
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H(25) 1572 8252 11037 92
H(26) 2296 9108 11993 100
H(27) 3674 9510 10529 88
H(28A) 3618 9931 6499 143
H(28B) 4451 9827 8029 143
H(28C) 2825 9911 7682 143
H(29A) 4292 7703 6771 105
H(29B) 5363 7964 8005 105
H(29C) 5067 8201 6519 105
H(30) 4969 8887 8446 69
Table 6. Torsion angles [deg] for a.
C(6)-C(1)-C(2)-C(3) 0.4(2) C(10)-N(2)-C(9)-C(8) 0.10(15)
C(1)-C(2)-C(3)-C(4) 0.0(3) O(1)-C(8)-C(9)-N(2) -175.42(14)
C(2)-C(3)-C(4)-C(5) -0.8(2) C(7)-C(8)-C(9)-N(2) 5.23(14)
C(3)-C(4)-C(5)-C(6) 1.1(2) 0O(1)-C(8)-C(9)-C(11) 2.8(3)
C(3)-C(4)-C(5)-C(7) -178.23(13) C(7)-C(8)-C(9)-C(11) -176.56(17)
C(10)-N(1)-C(6)-C(1)  -168.82(13) C(6)-N(1)-C(10)-N(2) 94.94(13)
C(15)-N(21)-C(6)-C(1) -9.6(2) C(15)-N(1)-C(10)-N(2)  -64.58(17)
C(10)-N(21)-C(6)-C(5) 12.44(15) C(6)-N(1)-C(10)-C(7) -16.77(14)
C(15)-N(2)-C(6)-C(5) 171.70(14) C(15)-N(1)-C(10)-C(7) -176.28(13)
C(2)-C(1)-C(6)-N(2) -178.73(14) C(13)-N(2)-C(10)-N(1) 63.36(19)
C(2)-C(1)-C(6)-C(5) -0.1(2) C(9)-N(2)-C(10)-N(1)  -118.88(12)
C(4)-C(5)-C(6)-N(2) 178.21(12) C(13)-N(2)-C(10)-C(7)  177.05(15)
C(7)-C(5)-C(6)-N(1) -2.35(14) C(9)-N(2)-C(10)-C(7) -5.20(13)
C(4)-C(5)-C(6)-C(1) -0.64(19) C(5)-C(7)-C(10)-N(2) 14.29(12)
C(7)-C(5)-C(6)-C(1) 178.79(12) C(14)-C(7)-C(10)-N(1) -109.09(13)
C(4)-C(5)-C(7)-C(14) -63.62(18) C(8)-C(7)-C(10)-N(2) 127.36(11)
C(6)-C(5)-C(7)-C(14) 117.01(12) C(5)-C(7)-C(10)-N(2)  -105.31(10)
C(4)-C(5)-C(7)-C(8) 61.19(17) C(14)-C(7)-C(10)-N(2)  131.31(12)
C(6)-C(5)-C(7)-C(8) -118.17(11) C(8)-C(7)-C(10)-N(2) 7.76(12)
C(4)-C(5)-C(7)-C(10) 171.86(13) N(2)-C(9)-C(11)-C(12) 0.00(16)
C(6)-C(5)-C(7)-C(10) -7.50(13) C(8)-C(9)-C(11)-C(12) -178.23(17)
C(5)-C(7)-C(8)-0(1) -79.32(15) C(9)-C(11)-C(12)-C(13) 0.42(18)
C(14)-C(7)-C(8)-0(1) 46.61(18) C(9)-N(2)-C(13)-C(12) 0.69(17)
C(10)-C(7)-C(8)-0(1) 172.41(13) C(10)-N(2)-C(13)-C(12) 178.53(14)
C(5)-C(7)-C(8)-C(9) 100.08(12) C(11)-C(12)-C(13)-N(2)  -0.69(19)
C(14)-C(7)-C(8)-C(9)  -133.99(12) C(21)-C(16)-C(17)-C(18) 0.2(3)
C(10)-C(7)-C(8)-C(9) -8.19(13) C(16)-C(17)-C(18)-C(19) -0.1(3)
C(13)-N(2)-C(9)-C(11) -0.43(15) C(17)-C(18)-C(19)-C(20) -0.3(2)
C(10)-N(2)-C(9)-C(11) -178.78(11) C(18)-C(19)-C(20)-C(21) 0.6(2)
C(13)-N(2)-C(9)-C(8) 178.44(11) C(18)-C(19)-C(20)-C(22) -179.31(14)



C(30)-N(3)-C(21)-C(20)  -9.74(17)
C(28)-N(3)-C(21)-C(20) -176.74(15)
C(30)-N(3)-C(21)-C(16) 172.22(15)
C(28)-N(3)-C(21)-C(16) 5.2(3)
C(19)-C(20)-C(21)-N(3) -178.80(13)
C(22)-C(20)-C(21)-N(3)  1.16(15)
C(19)-C(20)-C(21)-C(16)  -0.6(2)
C(22)-C(20)-C(21)-C(16) 179.39(13)
C(17)-C(16)-C(21)-N(3) 178.00(16)
C(17)-C(16)-C(21)-C(20)  0.1(2)
C(19)-C(20)-C(22)-C(29)  63.39(19)
C(21)-C(20)-C(22)-C(29) -116.56(13
C(19)-C(20)-C(22)-C(23) -62.34(17)
C(21)-C(20)-C(22)-C(23) 117.71(12)
C(19)-C(20)-C(22)-C(30) -173.19(14)

C(21)-C(20)-C(22)-C(30)  6.86(14)
C(20)-C(22)-C(23)-0(2)  78.83(17)
C(29)-C(22)-C(23)-0(2) -47.63(19)

C(30)-C(22)-C(23)-0(2) -172.70(15)
C(20)-C(22)-C(23)-C(24) -100.87(13)
C(29)-C(22)-C(23)-C(24) 132.67(13)
C(30)-C(22)-C(23)-C(24)  7.60(15)
C(27)-N(4)-C(24)-C(25) 0.74(17)
C(30)-N(4)-C(24)-C(25) -179.70(12)
C(27)-N(4)-C(24)-C(23) -176.93(12)

C(30)-N(4)-C(24)-C(23)
0(2)-C(23)-C(24)-N(4)

C(22)-C(23)-C(24)-N(4)
0(2)-C(23)-C(24)-C(25)

C(22)-C(23)-C(24)-C(25)

N(4)-C(24)-C(25)-C(26)

C(23)-C(24)-C(25)-C(26)
C(24)-C(25)-C(26)-C(27)

C(24)-N(4)-C(27)-C(26)
C(30)-N(4)-C(27)-C(26)
C(25)-C(26)-C(27)-N(4)
C(21)-N(3)-C(30)-N(4)

C(28)-N(3)-C(30)-N(4)

C(21)-N(3)-C(30)-C(22)
C(28)-N(3)-C(30)-C(22)
C(27)-N(4)-C(30)-N(3)

C(24)-N(4)-C(30)-N(3)

C(27)-N(4)-C(30)-C(22)
C(24)-N(4)-C(30)-C(22)
C(20)-C(22)-C(30)-N(3)
C(29)-C(22)-C(30)-N(3)
C(23)-C(22)-C(30)-N(3)
C(20)-C(22)-C(30)-N(4)
C(29)-C(22)-C(30)-N(4)
C(23)-C(22)-C(30)-N(4)

2.63(16)
173.89(16)
-6.44(16)

-2.4(3)

177.32)

-0.29(18)
176.0(2)
-0.3(2)
-0.91(18)
179.68(15)
0.7(2)
-98.19(14)
69.02(19)
13.81(16)
-178.99(15)
-64.4(2)

116.21(14)

-178.37(15)
2.24(15)

-12.09(14)

110.68(14)
-125.66(12)

107.77(11)
-129.46(13)

5.80(13)
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9b-(2-Bromobenzyl)-5-methyl-5,9b-dihydropyrrolizino[3,2-b]indol-10(4aH)-one

(4d)

The structure of 4d was determined by X-ray diffraction. The X-ray data have been
deposited at the Cambridge Crystallographic Data Center (CCDC1543830).

Table 1.

Crystal data

Chemical formula C,1H17BrN,O

Mr 393.28

Crystal system, space group Monoclinic, P21/n

Temperature (K) 293(2)

a, b, c(A) 8.7889 (18), 8.9182 (18), 22.444 (5)
a(°) 90

pC) 91.02(3)

v (%) 90

V (A% 1758.9(6)

Z 8

Absorption coefficient( mm”-1) 2.348

F(000) 800

Crystal size (mm) 0.18 x0.15x0.11

Theta range for data collection 2.46 to 28.02

Limiting indices -11<=h<=11, -11<=k<=11, -27<=I<=29
Reflections collected / unique 20845 / 4152 [R(int) = 0.0557]
Completeness to theta = 68.42 97.6 %
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Refinement method Full-matrix least-squares on F*2
Data / restraints / parameters 4152 /017227

Goodness-of-fit on F*2 1.095

Final R indices [I>2sigma(l)] R1=0.0742, wR2 = 0.2136

R indices (all data) R1=0.1190, wR2 = 0.2675
Largest diff. peak and hole (A”-3) | 0.591 and -0.711 e.

Table 2. Atomic coordinates ( x 1074) and equivalent isotropic displacement
parameters (A”2 x 1073) for a. U(eq) is defined as one third of the trace of the
orthogonalizedUij tensor.

X y z U(eq)

Br(1) 4163(1) 11229(1) 1002(1) 72(1)

0O(1) 6074(4) 4762(4) 764(1) 48(1)
N(1) 2794(5) 7463(5) 1932(2) 48(1)
N(2) 5261(4) 6305(4) 2138(2) 40(1)
C@) 1968(5) 6476(5) 1578(2) 40(1)
C(2) 483(6) 5970(6) 1626(3) 55(1)
C@3) -74(6) 5000(7) 1197(3) 61(1)

C4) 780(6) 4546(7) 722(3) 59(1)
C(5) 2260(6) 5036(6) 676(2) 50(1)
C(6) 2855(5) 5995(5) 1098(2) 38(1)
C(7) 4382(5) 7408(5) 1784(2) 41(1)
C(8) 4401(5) 6701(5) 1145(2) 39(1)
C(9) 5582(5) 5440(5) 1184(2) 38(1)
C(10) 5927(5) 5200(5) 1813(2) 42(1)
C(11) 6727(6) 4259(7) 2192(2) 54(1)
C(12) 6514(6) 4829(7) 2769(2) 59(1)
C(13) 5613(6) 6085(6) 2723(2) 50(1)
C(14) 2285(7) 8006(9) 2494(3) 76(2)
C(15) 4684(5) 7785(5) 630(2) 42(1)
C(16) 6067(6) 8753(5) 681(2) 43(1)
C@7) 7497(6) 8162(6) 573(2) 52(1)
C(18) 8804(7) 9023(7) 595(3) 60(1)
C(19) 8702(7) 10554(7) 694(3) 64(1)
C(20) 7335(8) 11191(6) 807(2) 60(2)
C(21) 6024(6) 10284(6) 810(2) 52(1)

Table 3. Bond lengths [A] and angles [deg] for a.

Br(1)-C(21) 1.897(6) N(1)-C(1) 1.384(6)
0(1)-C(9) 1.206(5) N(1)-C(14) 1.430(7)
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N(L)-C(7) 1.442(6) C(4)-C(3)-C(2) 122.3(5)

N(2)-C(13) 1.357(6) C(3)-C(4)-C(5) 119.6(5)
N(2)-C(10) 1.365(6) C(6)-C(5)-C(4) 119.7(5)
N(2)-C(7) 1.474(6) C(5)-C(6)-C(1) 120.6(4)
C(1)-C(2) 1.387(7) C(5)-C(6)-C(8) 130.1(4)
C(1)-C(6) 1.408(6) C(1)-C(6)-C(8) 109.3(4)
C(2)-C(3) 1.378(8) N(L)-C(7)-N(2) 113.5(4)
C(3)-C(4) 1.375(8) N(L)-C(7)-C(8) 104.6(4)
C(4)-C(5) 1.378(7) N(2)-C(7)-C(8) 102.2(3)
C(5)-C(6) 1.372(6) C(6)-C(8)-C(15)  111.8(4)
C(6)-C(8) 1.500(6) C(6)-C(8)-C(9) 107.9(4)
C(7)-C(8) 1.566(6) C(15)-C(8)-C(9)  112.8(4)
C(8)-C(15) 1.531(6) C(6)-C(8)-C(7) 102.1(3)
C(8)-C(9) 1.532(6) C(15)-C(8)-C(7)  116.2(4)
C(9)-C(10) 1.454(6) C(9)-C(8)-C(7) 105.2(3)
C(10)-C(11) 1.379(7) O(1)-C(9)-C(10)  127.8(4)
C(11)-C(12) 1.407(8) 0(1)-C(9)-C(8) 125.1(4)
C(12)-C(13) 1.374(8) C(10)-C(9)-C(8)  107.0(4)
C(15)-C(16) 1.493(6) N(2)-C(10)-C(11)  109.2(4)
C(16)-C(17) 1.388(7) N(2)-C(10)-C(9)  109.2(4)
C(16)-C(21) 1.396(6) C(11)-C(10)-C(9)  141.6(5)
C(17)-C(18) 1.382(8) C(10)-C(11)-C(12)  105.9(5)
C(18)-C(19) 1.386(8) C(13)-C(12)-C(11)  108.1(4)
C(19)-C(20) 1.356(9) N(2)-C(13)-C(12)  108.2(4)
C(20)-C(21) 1.408(8) C(16)-C(15)-C(8)  116.7(4)
C(1)-N(1)-C(14)  123.6(5) C(17)-C(16)-C(21)  115.8(5)
C(1)-N(1)-C(7) 110.2(3) C(17)-C(16)-C(15)  120.3(4)
C(14)-N(1)-C(7)  122.3(4) C(21)-C(16)-C(15)  123.8(5)
C(13)-N(2)-C(10)  108.7(4) C(18)-C(17)-C(16)  122.5(5)
C(13)-N(2)-C(7)  136.6(4) C(17)-C(18)-C(19)  119.8(6)
C(10)-N(2)-C(7)  114.7(4) C(20)-C(19)-C(18)  120.2(5)
N(1)-C(1)-C(2) 130.4(5) C(19)-C(20)-C(21)  119.2(5)
N(1)-C(1)-C(6) 110.0(4) C(16)-C(21)-C(20)  122.4(5)
C(2)-C(1)-C(6) 119.6(4) C(16)-C(21)-Br(1)  120.5(4)
C(3)-C(2)-C(1) 118.3(5) C(20)-C(21)-Br(1)  117.1(4)

Table 4. Anisotropic displacement parameters (A2 x 10"3) for a. The anisotropic
displacement factor exponent takes the form: -2 pi*2 [ "2 a*"2 U11 + ... + 2 h k a*
b* U12 ]

Uil u22 uU33 u23 uU13 Uiz
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Br(l)  85(1) 53(1) 78(1) 2(1) 16(1) 14(1)

0(1) 58(2) 40(2) 46(2) -7(1) 10(2) -1(1)
N(L) 4602 53(2) 45(2) -11(2) 11(2) 4(2)
N(2) 36(2) 42(2) 42(2) -1(2) -3(2) -5(2)

c) 3602 43(2) 42(2) 4(2) 1(2) 5(2)
C@2  393) 70(3) 57(3) 7(2) 6(2) 6(2)
c@3) 382 66(3) 78(4) 13(3) -8(3) -2(2)
C(4)  48(3) 59(3) 71(3) -1(3) -16(3) -15(2)

C(5) 50(3) 51(3) 48(3) 1(2) -6(2) -10(2)

ce) 3602 41(2) 38(2) 4(2) 5(2) 2(2)
C(7) 4502 38(2) 40(2) 1(2) 0(2) 0(2)
c(8) 4002 39(2) 39(2) 1(2) -1(2) -2(2)
cO 350 37(2) 43(2) -4(2) 5(2) -8(2)
C(10)  38(2) 44(2) 43(2) 5(2) 6(2) 0(2)
C(ll)  43(3) 64(3) 55(3) 14(2) 4(2) 11(2)
C(12)  61(3) 67(3) 46(3) 10(2) -12(2) 0(3)
C(13)  55(3) 63(3) 32(2) 1(2) -3(2) -8(2)

C(14)  64(4) 97(5) 68(4) -31(3) 13(3) 16(3)
C(15)  48(2) 39(2) 38(2) 3(2) 2(2) -5(2)
C(16)  59(3) 35(2) 35(2) 2(2) 1(2) -6(2)
c(l7)  62(3) 43(3) 50(3) -4(2) 16(2) 7(2)

Cc(18)  59(3) 71(4) 52(3) 0(2) 13(3) -11(3)
C(19)  69(4) 55(3) 68(4) 2(3) 12(3) -21(3)
C(20)  90(4) 40(3) 49(3) 3(2) -3(3) -21(3)

C(2l)  76(3) 40(2) 42(2) 3(2) 5(2) -5(2)

Table 5. Hydrogen coordinates ( x 10°4) and isotropic displacement parameters (A"2
x 1073) for a.

X y z U(eq)
H(2) -121 6277 1939 67
H(3) -1062 4639 1229 73
H(4) 361 3913 433 71
H(5) 2853 4718 361 60
H(7) 4854 8403 1794 49
H(11) 7291 3420 2087 65
H(12) 6913 4426 3120 70
H(13) 5300 6680 3037 60
H(14A) 1250 8340 2454 114
H(14B) 2917 8827 2622 114
H(14C) 2346 7214 2784 114
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H(15A)
H(15B)
H(17)
H(18)
H(19)
H(20)

4755
3803
7579
9749
9572
7265

7202
8432
7148
8578
11145
12214

266
586
483
543
683
881

50
50

72
76
72
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