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General methods. Anhydrous THF, Et2O were distilled over sodium and
benzophenone ketyl under nitrogen atmosphere; Ets;N, DCM and MeCN were
refluxed with CaH, and freshly distilled prior to use; anhydrous MeOH and EtOH
were distilled over magnesium under nitrogen atmosphere; all other solvents and
reagents were used from commercial sources without further purifications. All
reactions sensitive to air or moisture were carried out under argon or nitrogen
atmosphere in dry and freshly distilled solvents under anhydrous conditions, unless
otherwise noted.

The silica gel (200-300 meshes) was used for column chromatography. Thin
layer chromatographies (TLC) were carried out on GF254 plates (0.25 mm layer
thickness). 'H NMR, 3C NMR and '’F NMR experiments were performed on Bruker
AM-300, Bruker AM-400 or DRX-600 NMR spectrometer at ambient temperature.
The residual solvent protons ('H) or the solvent carbons (13C) were used as internal
standards. '"H NMR data were presented as follows: chemical shift in ppm downfield
from tetramethylsilane (multiplicity, coupling constant, integration). Chemical shifts
(0) were given in ppm with reference to solvent signals ['H NMR: CDCl; (7.26),
CD;0OD (3.31), D,O (4.79), DMSO-ds (2.50); *C NMR: CDCl; (77.16), CD;0D
(49.86)], DMSO-d; (39.52). The following abbreviations are used in reporting NMR
data: s, singlet; brs, broad singlet; d, doublet; t, triplet; dd, doublet of doublets; dt,
doublet of triplets; m, multiplet. HRMS (ESI) was taken on Agilent 6540 Q-TOF
spectrometer.
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General procedures for preparation of pyridinium
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A mixture of phenylethyl bromide (230 mg, 1 mmol) and 3-acetylpyridine (363 mg,
3 mmol) was stirred at 70 °C without solvent for 3 h. After the reaction mixture was
cooled to room temperature, the solid was collected by filtration and washed with
Et,0O (3 x 20 mL) then petroleum ether (3 x 20 mL). The residue yellow solid was
dried at 40°C under vacuum to yield pyridinium 1 (343 mg, 98.3% yield) as a yellow
powder. 'H NMR (400 MHz, D,0) 6 8.94 (d, J= 8.1 Hz, 1H), 8.87 (s, 1H), 8.79 (d, J
=6.1 Hz, 1H), 8.11 (dd, /= 7.9, 6.3 Hz, 1H), 6.89 (d, J = 8.8 Hz, 1H), 6.53 (m, 2H),
4.90 (t,J= 6.4 Hz, 2H), 3.80 (s, 3H), 3.21 (t, J = 6.3 Hz, 2H), 2.60 (s, 3H). *C NMR
(100 MHz, D,0O) o 196.1, 147.0, 146.8, 145.2, 144.6, 135.2, 128.3, 121.3, 115.8,
112.9, 63.6, 55.9, 35.9, 26.3. HRMS (ESI) calcd. for C;cH;sNO; [M]* 272.1281,
found 272.1285.

HO
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~+ |
NS
3a o)
3a. Light pink powder (97.8% yield). '"H NMR (400 MHz, D,0) & 8.97 (brs, 2H),
8.82 (d, J=6.1 Hz, 1H), 8.13 (dd, J= 8.5, 6.2 Hz, 1H), 7.21 (t,J= 7.9 Hz, 1H), 6.80
(dd, J = 8.1, 2.1 Hz, 1H), 6.65 (d, J = 7.5 Hz, 1H), 6.52 (s, 1H), 4.97 (t, J = 6.4 Hz,
2H), 3.30 (t, J = 6.4 Hz, 2H), 2.64 (s, 3H). '3C NMR (100 MHz, D,0) & 196.1, 156.0,

147.0, 144.7, 137.2, 135.3, 130.7, 128.4, 121.0, 115.7, 114.5, 63.3, 36.4, 26.4. HRMS
(ESI) calcd. for C15H;sNO, [M]" 242.1176, found 242.1170.

HO
mBr-
~“+ |
e

O
4a
4a. Yellow foam. (89.0% yield) '"H NMR (300 MHz, D,0) 4 8.95 (d, J = 6.1 Hz,
1H), 8.75 (d, J = 8.1 Hz, 1H), 8.59 (s, 1H), 8.14 (dd, J= 7.9, 6.3 Hz, 1H), 7.69 (dd, J
=10.1, 4.4 Hz, 1H), 7.46 (m, 4H), 7.10 (t, /= 7.9 Hz, 1H), 6.72 (dd, J = 8.2, 1.8 Hz,
1H), 6.52 (d, J=7.6 Hz, 1H), 6.43 (d, J = 1.8 Hz, 1H), 4.87 (t, /= 6.2 Hz, 2H), 3.21
(t, J = 6.2 Hz, 2H). 13C NMR (75 MHz, D,0) & 192.2, 156.0, 146.6, 146.1, 145.3,

137.0, 136.3, 134.8, 134.1, 130.6, 129.9, 129.0, 128.5, 120.8, 115.5, 114.5, 63.3, 36.4.
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HRMS (ESI) calcd. for Cy0H;sNO, [M]" 304.1332, found 304.1334.

NBF'
MeO “+ |

AN
5a CF3

5a. White powder (93.5% yield)."H NMR (400 MHz, D,0) 6 8.92 (m, 2H), 8.88 (d,
J=28.4 Hz, 1H), 8.22 (t,J= 6.8 Hz 1H), 6.93 (d, J = 8.8 Hz, 1H), 6.54 (m, 2H), 4.94
(t, J= 6.4 Hz, 2H), 3.83 (s, 3H), 3.24 (t, J = 6.4 Hz, 2H). 3C NMR (100 MHz, D,0)
147.5, 147.0, 145.3, 143.0 (m), 142.6 (m), 130.3 (q, Jcr = 24.3 Hz), 128.9, 128.1,
121.1, 121.0 (q, Jcr = 178.8 Hz,), 115.7, 113.1, 63.9, 56.0, 35.9. '°F NMR (376 MHz,
D,0) 8 -63.31. HRMS (ESI) calcd. for C5H;sF;NO, [M]* 298.1049, found 298.1055.
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6a. Yellow foam (93.5% yield). '"H NMR (400 MHz, D,0) & 9.01 (d, J = 6.1 Hz,
1H), 8.81 (d, J = 8.1 Hz, 1H), 8.52 (s, 1H), 8.21 (dd, J = 7.8, 6.4 Hz, 1H), 7.76 (t, J =
7.3 Hz, 1H), 7.54 (t, J = 7.8 Hz, 2H), 7.48 (d, J = 7.2 Hz, 2H), 6.82 (d, J = 8.2 Hz,
1H), 6.54 (d, J = 1.9 Hz, 1H), 6.45 (dd, J = 8.2, 1.9 Hz, 1H), 4.89 (t, J = 6.1 Hz, 2H),
3.73 (s, 3H), 3.20 (t, J = 6.1 Hz, 2H). 3C NMR (100 MHz, D,0) & 192.3, 146.9,
146.7, 146.1, 145.3, 145.3, 136.2, 134.9, 134.2, 129.9, 129.0, 128.5, 128.1, 121.1,
115.7, 112.8, 63.5, 55.8, 35.9. HRMS (ESI) calcd. for CyH,oNO; [M]* 334.1438,
found 334.1448.

Br
MeO /’-\J

N NH,

7a O

7a. White powder (91.7% yield). 'H NMR (400 MHz, D,0) & 8.86 (s, 1H), 8.82 (d,
J=8.2 Hz, 1H), 8.70 (d, /= 6.0 Hz, 1H), 8.05 (t,J= 8.0 Hz, 1H), 6.87 (d, J = 8.2 Hz,
1H), 6.55 (s, 1H), 6.50 (d, J = 8.2 Hz, 1H), 4.88 (t, J = 6.4 Hz, 2H), 3.80 (s, 3H), 3.20
(t, J = 6.3 Hz, 2H). 3C NMR (100 MHz, D,0) & 165.5, 146.8, 146.3, 145.2, 144.0,
143.8, 133.3, 128.3, 128.0, 121.1, 115.8, 112.9, 63.6, 55.9, 35.8. HRMS (ESI) calcd.
for CysH7N,O3 [M]* 273.1234, found 273.1241.
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8a

8a. White powder (88.7% yield). 'H NMR (400 MHz, D,0) & 9.16 (s, 1H), 8.89 (d,
J=8.2 Hz, 1H), 8.83 (d, /= 6.2 Hz, 1H), 8.15 (t, /= 6.2 Hz, 1H), 6.92 (d, J = 8.2 Hz,
1H), 6.59 (d, /= 1.9 Hz, 1H), 6.54 (dd, J= 8.2, 1.9 Hz, 1H), 4.92 (t, J = 6.5 Hz, 2H),
3.83 (s, 3H), 3.23 (t, J = 6.4 Hz, 2H). 13C NMR (100 MHz, D,0) & 148.9, 147.8,
146.9, 145.3, 128.6, 127.9, 121.2, 115.8, 113.5, 113.0, 112.9, 64.1, 55.9, 35.7. HRMS
(ESI) calcd. for C5H;sN,O, [M]* 255.1128, found 255.1133.

9a O

9a. White powder (76.5% yield). '"H NMR (400 MHz, D,0) 6 8.96 (m, 2H), 8.78
(d, J=6.1 Hz, 1H), 8.09 (dd, /= 8.5, 6.2 Hz, 1H), 6.89 (d, /= 8.2 Hz, 1H), 6.55 (d, J
= 1.8 Hz, 1H), 6.52 (dd, J = 8.2, 1.9 Hz, 1H), 4.90 (t, J = 6.4 Hz, 2H), 3.99 (s, 3H),
3.81 (s, 3H), 3.22 (t, J = 6.4 Hz, 2H). 13C NMR (100 MHz, D,0) & 163.1, 147.2,
146.9, 145.6, 145.4, 145.2, 130.1, 128.2, 128.2, 121.2, 115.8, 112.9, 63.6, 55.9, 53.8,
35.8. HRMS (ESI) calcd. for C;cH;sNO4 [M]" 288.1230, found 288.1234.

HOm
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10a. White powder (80.5% yield). 'H NMR (400 MHz, D,0) & 8.80 (d, /= 7.6 Hz,
1H), 8.48 (d, J= 6.0 Hz, 1H), 7.80 (t, J = 8.0 Hz, 1H), 6.93 (m, 1H), 6.57 (dd, J=4.1,
2.2 Hz, 2H), 4.92 (t, J = 6.5 Hz, 2H), 4.02 (s, 3H), 3.84 (s, 3H), 3.20 (t, J = 6.5 Hz,
2H), 2.90 (s, 3H). 3C NMR (100 MHz, D,0O) 6 165.3, 156.5, 147.8, 146.8, 146.3,
145.1, 132.0, 128.4, 124.7, 121.3, 115.9, 112.9, 60.2, 55.9, 53.9, 34.5, 17.1. HRMS
(ESI) calcd. for C17H,0NO4 [M]302.1387, found 302.1391.
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11a. Yellow powder (72.5% yield). '"H NMR (400 MHz, D,0) 6 9.01 (d, J = 8.2
Hz, 1H), 8.67 (d, J = 5.5 Hz, 1H), 8.32 (t, /= 9.9 Hz, 2H), 8.17 (t, J = 7.7 Hz, 1H),
7.96 (t, J=17.5 Hz, 1H), 7.75 (t, J = 8.0 Hz,1H), 6.71 (d, J = 7.3 Hz, 1H), 6.30 (brs,
2H), 5.20 (brs, 2H), 3.73 (s, 3H), 3.23 (brs, 2H). 13C NMR (100 MHz, D,0) & 148.1,
147.7, 146.6, 144.9, 137.7, 135.7, 130.7, 129.9, 129.0, 120.9, 118.1, 115.6, 112.7,
59.0, 55.8, 34.4. HRMS (ESI) calcd. for C1gHsNO, [M]" 280.1332, found 280.1336.

Br
MeO /’-\J

12a Br

AN

12a. Yellow powder (89.3% yield). '"H NMR (400 MHz, D,0) 6 9.39 (d, J = 8.7
Hz, 1H), 8.80 (d, J=5.2 Hz, 1H), 8.38 (d, /= 9.1 Hz, 1H), 8.32 (d, /= 7.6 Hz, 1H),
8.03 (dd, J= 8.8, 8.0 Hz, 1H), 7.90 (dd, J = 8.7, 5.8 Hz, 1H), 6.78 (d, /= 8.2 Hz, 1H),
6.36 (d, J=1.9 Hz, 1H), 6.33 (dd, J = 8.2, 1.9 Hz, 1H), 5.28 (t, J = 6.3 Hz, 2H), 3.78
(s, 3H), 3.29 (t, J = 6.3 Hz, 2H). 3C NMR (100 MHz, D,0) & 149.0, 147.1, 146.7,
145.0, 138.9, 135.6, 134.1, 129.2, 128.9, 124.4, 121.9, 121.0, 118.2, 115.6, 112.7,
59.7, 55.9, 34.5. HRMS (ESI) calcd. for C;sH;;BrNO, [M]" 358.0437, found
358.0441.

HO
Br
MeO /IJ\rj

N
13a

13a. Yellow powder (87.5% yield). '"H NMR (400 MHz, D,0) 4 8.93 (d, J = 8.0
Hz, 1H), 8.63 (d, /= 5.4 Hz, 1H), 8.03 (m, 2H), 7.73 (dd, J = 8.3, 5.9 Hz, 1H), 7.63 (d,
J=17.5Hz, 1H), 6.70 (d, J = 8.1 Hz, 1H), 6.33 (m, 2H), 5.47 (t,J = 6.5 Hz, 2H), 4.10
(s, 3H), 3.73 (s, 3H), 3.10 (t, J = 6.5 Hz, 2H). 13C NMR (100 MHz, D,0) & 150.3,
149.9, 147.7, 146.3, 144.6, 132.1, 130.4, 129.6, 129.1, 122.4, 121.2, 120.9, 116.1,
115.6, 112.3, 64.6, 56.6, 55.8, 36.7. HRMS (ESI) calcd. for C;9HyNO; [M]*
310.1438, found 310.1442.

14a
14a. Yellow powder (87.5% yield). '"H NMR (400 MHz, CD;0D) & 9.13 (d, J =
8.4 Hz, 1H), 8.94 (d, /= 5.5 Hz, 1H), 8.68 (dd, /=9.7, 4.2 Hz, 1H), 8.18 (dd, J = 8.0,
2.6 Hz, 1H), 8.15 (m, 1H), 7.94 (dd, J = 8.2, 5.9 Hz, 1H), 6.73 (d, J = 8.2 Hz, 1H),
6.43 (d, J=1.6 Hz, 1H), 6.35 (dd, J = 8.1, 1.6 Hz, 1H), 5.32 (t, J = 6.6 Hz, 2H), 3.78
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(s, 3H), 3.28 (t, J = 6.7 Hz, 2H). *C NMR (100 MHz, CD;0D) & 163.9 (d, Jcr =
252.8 Hz), 150.9, 149.4, 149.3 (d, Jor = 5.1 Hz), 148.9, 137.3, 134.0 (d, Jc.r = 10.7
Hz), 130.5, 127.8 (d, Jcr = 26.6 Hz), 124.4, 124.2 (d, Jcr = 9.4 Hz), 121.9, 117.5,
116.2 (d, Jcr = 23.1 Hz), 113.8, 61.9, 57.2, 37.1. ’F NMR (376 MHz, CD;0D) 6 -
108.84 (s). HRMS (ESI) calcd. for C;sH7;FNO, [M]* 298.1238, found 298.1240.

NBI"
MeO “+

16a

16a. Yellow powder (91.4% yield). '"H NMR (400 MHz, D,0) 6 9.12 (s, 1H), 8.31
(brs, 2H), 8.15 (m, 3H), 7.93 (m, 1H), 6.74 (d, J = 8.2 Hz, 1H), 6.48 (d, J = 1.6 Hz,
1H), 6.44 (dd, J = 8.2, 1.6 Hz, 1H), 4.90 (t, J = 6.3 Hz, 2H), 3.72 (s, 3H), 3.23 (t,J =
6.3 Hz, 2H). 13C NMR (100 MHz, D,0) 6 148.8, 146.6, 145.0, 137.4, 137.1, 133.7,
131.3,129.7, 128.8, 127.2, 127.1, 126.2, 121.0, 115.7, 112.7, 62.7, 55.9, 35.8. HRMS
(ESI) calcd. for CigHsNO, [M]" 280.1332, found 280.1337.

NBI"
MeO “+

A

172~ OMe

17a. Yellow foam (67.8% yield). 'H NMR (400 MHz, D,0) § 9.06 (s, 1H), 8.41 (d,
J=6.9 Hz, 1H), 8.27 (d, J = 6.9 Hz, 1H), 7.80 (t, J = 8.1 Hz, 1H), 7.64 (d, J = 8.3 Hz,
1H), 7.46 (d, J=7.9 Hz, 1H), 6.68 (d, J = 8.2 Hz, 1H), 6.48 (d, J = 1.8 Hz, 1H), 6.40
(dd, J=8.2, 1.7 Hz, 1H), 4.88 (t, J = 6.3 Hz, 2H), 4.02 (s, 3H), 3.69 (s, 3H), 3.21 (t, J
= 6.3 Hz, 2H). 3C NMR (100 MHz, D,0) 8 154.1, 148.1, 146.6, 145.0, 133.1, 132.4,
129.3, 128.7, 128.0, 121.0, 121.0, 120.8, 115.6, 114.7, 112.7, 62.6, 56.2, 55.9, 35.7.
HRMS (ESI) caled. for CoH,0NO; [M]* 310.1438, found 310.1442.

NBI"
MeO “+

MeO S |

18a

18a. Yellow foam (65.5% yield). 'H NMR (400 MHz, D,0) & 8.94 (s, 1H), 8.19 (d,
J=6.2Hz, 1H), 8.06 (d, J= 6.8 Hz, 1H), 7.89 (t, J = 8.2 Hz, 1H), 7.48 (d, J = 8.2 Hz,
1H), 7.10 (d, J = 8.1 Hz, 1H), 6.52 (d, J = 8.2 Hz, 1H), 6.36 (d, J= 1.8 Hz, 1H), 6.25
(dd, J=8.2, 1.8 Hz, 1H), 4.77 (t, J = 6.3 Hz, 2H), 3.92 (s, 3H), 3.61 (s, 3H), 3.07 (t, J
= 6.3 Hz, 2H). 3C NMR (100 MHz, D,0) 8 157.4, 146.5, 145.0, 144.2, 138.8, 137.8,
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133.9, 128.5, 125.3, 120.9, 119.1, 118.3, 115.4, 112.3, 109.3, 62.4, 56.3, 55.7, 35.7.
HRMS (ESI) calcd. for C19HoNOs [M] 310.1438, found 310.1444.

19a. Yellow foam (75.8% yield). '"H NMR (400 MHz, D,0) & 8.91 (s, 1H), 8.27
(brs, 2H), 8.03 (d, J = 9.0 Hz, 1H), 7.95 (d, J = 9.0 Hz, 1H), 6.72 (m, 1H), 6.41 (s,
2H), 4.89 (t, J = 6.0 Hz, 2H), 4.05 (s, 3H), 3.78 (s, 3H), 3.68 (s, 3H), 3.20 (t, J = 5.2
Hz, 2H). 3C NMR (100 MHz, D,0) 8 151.2, 146.4, 144.9, 143.4, 143.3, 131.4, 131.3,
128.3, 126.0, 125.8, 123.8, 122.5, 120.7, 115.3, 112.1, 62.6, 62.0, 56.6, 55.5, 35.6.
HRMS (ESI) calcd. for C2oH,NO, [M]* 340.1543, found 340.1553.

NBI"
MeO “+

NS

Br
20a

20a. Yellow powder (92.5% yield). '"H NMR (400 MHz, D,0) 6 9.18 (s, 1H), 8.56
(d, J=17.0 Hz, 1H), 8.44 (t,J = 7.8 Hz, 2H), 8.15 (d, J = 8.3 Hz, 1H), 7.80 (t, J = 8.0
Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H), 6.47 (d, J= 1.8 Hz, 1H), 6.44 (dd, J = 8.2, 1.8 Hz,
1H), 4.94 (t, J = 6.3 Hz, 2H), 3.72 (s, 3H), 3.24 (t, J = 6.3 Hz, 2H). '3C NMR (100
MHz, D,0) & 149.3, 146.7, 145.1, 140.5, 136.5, 135.1, 131.9, 129.8, 128.7, 128.4,
125.6, 121.2, 121.0, 115.7, 112.8, 62.9, 55.9, 35.7. HRMS (ESI) calcd. for
Ci3H17BrNO, [M]* 358.0437, found 358.0443.
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General procedures for dehydrogenation coupling reaction

Br Na,COs,, air Br
MeO /,‘\"l | M 2 3 5 > MeO /l:'l |
S eOH, 50 °C, S
2h

1 © 2 °

To a solution of pyridinium 1 (70 mg, 0.2 mmol) and Na,CO; (25 mg, 0.24
mmol) in MeOH (8 mL) was stirred at 50 °C under air atmosphere for 2 h. The
mixture was concentrated in vacuum to give the residue, which was subjected to flash
chromatographic column (dichloromethane/methanol = 10:1) to afford product 2 (53
mg, 76.1 %) as an orange powder. 'H NMR (400 MHz, CD;0D) & 9.08 (s, 1H), 8.57
(dd, J=8.9, 1.0 Hz, 1H), 8.29 (d, /=9.0 Hz, 1H), 7.44 (s, 1H), 6.62 (s, 1H), 4.65 (t, J
= 6.8 Hz, 2H), 3.91 (s, 3H), 3.13 (t, J = 6.8 Hz, 2H), 2.66 (s, 3H). 3C NMR (100
MHz, CD;0D) § 195.3, 156.4, 154.2, 150.7, 147.9, 144.9, 134.5, 133.6, 125.4, 118.8,
117.2, 112.6, 57.9, 57.4, 27.8, 27.7. HRMS (ESI) calcd. for C;cH{(NO; [M]*
270.1125, found 270.1127.

HO

3 O

3. Yellow powder (72.1% yield). '"H NMR (400 MHz, CD;0D) & 9.28 (s, 1H),
8.78 (dd, J=18.7, 1.5 Hz, 1H), 8.45 (d, /= 8.8 Hz, 1H), 8.08 (d, /= 8.8 Hz, 1H), 6.93
(dd, J=8.8,2.3 Hz, 1H), 6.84 (d, /= 1.8 Hz, 1H), 4.80 (t, /= 8.0 Hz, 2H), 3.28 (t, J =
8.0 Hz, 2H), 2.71 (s, 2H). 3C NMR (100 MHz, CD;0D) 6 195.3, 168.4, 154.5, 147.8,
144.5, 141.8, 133.2, 132.8, 124.9, 119.0, 118.0, 117.7, 57.1, 28.6, 27.7. HRMS (ESI)
caled. for C;5sH;4NO, [M]* 240.1019, found 240.1019.

HO
O NBr
/+|
.
(0]
4

4. Yellow powder (74.1% yield). '"H NMR (400 MHz, DMSO-dy) 6 9.25 (s, 1H),
8.72 — 8.63 (m, 1H), 8.59 (d, J = 8.7 Hz, 1H), 8.19 (d, J = 8.8 Hz, 1H), 7.93 (d, J =
7.4 Hz, 2H), 7.80 (t, J = 7.4 Hz, 1H), 7.66 (t, J = 7.7 Hz, 2H), 6.96 (dd, J = 8.7, 2.2
Hz, 1H), 6.88 (d, J = 1.8 Hz, 1H), 4.78 (t, J = 6.6 Hz, 2H), 3.24 (t, J = 6.6 Hz, 2H).
B3C NMR (100 MHz, DMSO-dy) & 191.2, 164.1, 151.3, 146.6, 144.6, 140.1, 135.7,
134.6, 132.2, 131.2, 130.6, 129.6, 123.2, 117.0, 116.6, 115.6, 54.7, 26.4. HRMS (ESI)

caled. for C,0H,NO, [M]* 302.1176, found 302.1181.
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MeO /+|

5. Orange powder (70.4% yield). '"H NMR (400 MHz, CD;0D) & 9.29 (s, 1H),
8.69 (m, 2H), 7.71 (s, 1H), 6.92 (s, 1H), 4.79 (t, J = 8.0 Hz, 2H), 4.01 (s, 3H), 3.24 (t,
J= 8.0 Hz, 2H). *C NMR (100 MHz, CD;0D) 6 156.7, 155.1, 150.7, 145.1 (q, Jc.r =
3.2 Hz), 143.1 (m), 134.6, 127.5 (q, Jc.r = 24.6 Hz), 126.3, 124.2 (q, Jc.r = 180.0 Hz),
118.5,117.2, 112.7, 57.9, 57.5, 27.6. '’F NMR (376 MHz, CD;0D) 6 -64.30. HRMS
(ESI) calcd. for C5H3F;NO, [M]*296.0893, found 296.0895.

6. Orange powder (78.0% yield). '"H NMR (400 MHz, CD;0D) & 8.71 (s, 1H),
8.36 (d, J=8.7 Hz, 1H), 8.18 (d, /= 9.0 Hz, 1H), 7.88 (d, J= 7.4 Hz, 2H), 7.73 (t, J =
7.4 Hz, 1H), 7.61 (t, J = 7.6 Hz, 2H), 7.33 (s, 1H), 6.48 (s, 1H), 4.55 (t, J = 6.6 Hz,
2H), 3.88 (s, 3H), 3.09 (t, J = 6.6 Hz, 2H). '*C NMR (100 MHz, CD;0D) 6 192.7,
159.2, 153.8, 151.3, 148.3, 145.8, 137.8, 135.9, 134.9, 133.5, 132.0, 131.0, 125.0,
117.6, 117.3, 112.2, 57.8, 57.3, 28.0. HRMS (ESI) caled. for C,;H;sNO; [M]*
332.1281, found 332.1283.

HO
NBF'
MeO “+ |
N NH,
7 O

7. Orange powder (58.2% yield). '"H NMR (400 MHz, CD;0D) & 8.84 (s, 1H),
8.44 (dd, J =9.0, 1.6 Hz, 1H), 8.18 (d, J = 9.1 Hz, 1H), 7.33 (s, 1H), 6.50 (s, 1H),
4.56 (t, J = 8.0 Hz, 2H), 3.87 (s, 3H), 3.08 (t, J = 8.0 Hz, 2H). 3C NMR (100 MHz,
CD;0D) 6 166.2, 152.8, 152.1, 145.4, 142.1, 134.6, 127.6, 123.1, 117.7, 110.3, 56.4,
56.3, 27.4. HRMS (ESI) calcd. for C;5H5N,O; [M]*271.1077, found 271.1079.
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HO
Br
MeO /l:'l |

X-"cN

8

8. Orange powder (64.4% yield). '"H NMR (400 MHz, CD;0D) & 8.75 (s, 1H),
8.11 —7.97 (m, 2H), 7.20 (s, 1H), 6.38 (s, 1H), 4.44 (t, J = 8.0 Hz, 2H), 3.83 (s, 3H),
3.04 (t, J= 8.0 Hz,, 2H). >*C NMR (100 MHz, CD;0D) 6 173.3, 153.8, 152.5, 149.1,
142.1, 136.9, 122.9, 119.1, 115.9, 109.3, 109.2, 103.0, 56.0, 55.8, 27.6. HRMS (ESI)
caled. for C;5sH13N,0, [M]"253.0972, found 253.0971.

HO
Br
MeO /"\*‘l |
N OMe
9 (e}

9. Orange powder (62.0% yield). '"H NMR (400 MHz, CD;0D) 6 8.91 (s, 1H),
8.41 (dd, J =9.0, 1.5 Hz, 1H), 8.13 (d, J = 9.1 Hz, 1H), 7.29 (s, 1H), 6.46 (s, 1H),
4.55 (t,J = 8.0 Hz, 2H), 3.98 (s, 3H), 3.86 (s, 3H), 3.06 (t, /= 8.0 Hz, 2H). *C NMR
(100 MHz, CD;0D) & 170.2, 164.5, 153.4, 153.3, 146.6, 141.9, 135.8, 122.5, 122.3,
118.6, 110.4, 109.6, 56.1, 55.9, 53.4, 27.7. HRMS (ESI) calcd. for C;sH;(NO4 [M]*
286.1074, found 286.1076.

HO
NBF'
MeO “+ | Me
N OMe
10 (0]

10. Yellow powder (66% yield). "H NMR (400 MHz, CD;0D) 6 8.54 (d, J = 8.9
Hz, 1H), 8.21 (d, J=9.0 Hz, 1H), 7.43 (s, 1H), 6.66 (s, 1H), 4.59 (t, J = 8.0 Hz, 2H),
3.99 (s, 3H), 3.92 (s, 3H), 3.08 (t, J = 8.0 Hz, 2H), 3.04 (s, 3H). 3C NMR (100 MHz,
CD;0D) 6 166.1, 157.2, 154.1, 151.7, 144.2, 134.2, 126.2, 121.3, 116.6, 110.8, 56.5,
53.7, 50.0, 27.1, 18.4. HRMS (ESI) calcd. for C;7HsNO, [M]* 300.1230, found
300.1234.

NBI"
MeO |
1

11. Yellow powder (63.2% yield). 'H NMR (400 MHz, CD;0D) & 8.40 (d, J = 9.2

a
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Hz, 1H), 8.22 (d, J = 8.9 Hz, 1H), 8.14 (d, J= 9.3 Hz, 1H), 8.00 (d, J = 7.0 Hz, 1H),
7.93 (t,J=8.0 Hz, 1H), 7.65 (t, J= 7.5 Hz, 1H), 7.35 (s, 1H), 6.46 (s, 1H), 4.75 (t, J =
8.0 Hz, 2H), 3.87 (s, 3H), 3.12 (t, J = 8.0 Hz, 2H). 3C NMR (100 MHz, CD;0OD) &
154.5, 152.4, 145.3, 141.2, 136.4, 135.9, 132.3, 129.8, 129.2, 122.5, 121.7, 119.1,
118.0, 117.6, 112.7, 57.4, 48.6, 28.2. HRMS (ESI) caled. for CisH;NO, [M]*
278.1176, found 278.1176.

12. Red powder (69.6% yield). '"H NMR (600 MHz, CD;0D) § 8.59 (d, J = 9.6 Hz,
1H), 8.17 (d, J= 9.7 Hz, 2H), 7.88 (d, J = 7.7 Hz, 1H), 7.74 (t, J = 8.3 Hz, 1H), 7.30
(s, 1H), 6.42 (s, 1H), 4.70 (t, J = 7.1 Hz, 2H), 3.86 (s, 3H), 3.10 (t, J = 7.0 Hz, 2H).
13C NMR (150 MHz, CD;OD) & 174.3, 154.6, 153.6, 142.6, 140.7, 138.1, 135.4,
132.4, 126.8, 125.9, 122.9, 119.7, 118.1, 111.3, 111.3, 56.9, 48.3, 28.7. HRMS (ESI)
caled. for CisH;sBrNO, [M]* 356.0281, found 356,0278.

HO
O OMe
NBF'
MeO ~+

13

13. Red powder (77.8% yield). "H NMR (400 MHz, CD;0D) § 8.39 (d, J=9.1 Hz,
1H), 8.12 (d, J = 9.2 Hz, 1H), 7.56 (m, 3H), 7.39 (s, 1H), 6.54 (s, 1H), 5.10 (t, J= 8.0
Hz, 2H), 4.09 (s, 3H), 3.89 (s, 3H), 3.04 (t, J = 8.0 Hz, 2H). '3C NMR (100 MHz,
CD;OD) § 168.9, 155.4, 153.4, 152.5, 144.0, 137.8, 132.4, 130.8, 129.9, 123.8, 121.8,
118.6, 117.9, 114.0, 111.8, 58.3, 57.1, 53.6, 29.3. HRMS (ESI) calcd. for CioH;sNO;
[M]* 308.1281, found 308.1284.

HO O
NBI"
MeO “+ |
N F
14

14. Red powder (75.2% yield). '"H NMR (600 MHz, CD;0D) § 8.33 (d, J=9.3 Hz,
1H), 8.25 (dd, J=9.5, 3.9 Hz, 1H), 8.16 (d, J = 9.3 Hz, 1H), 7.79 — 7.66 (m, 2H), 7.31
(s, 1H), 6.43 (s, 1H), 4.72 (t, J = 7.0 Hz, 2H), 3.85 (s, 3H), 3.10 (t, J = 7.0 Hz, 2H).
13C NMR (150 MHz, CD;0D) § 173.3, 162.2 (d, Jor = 164.5 Hz), 154.5, 153.6, 142.1
(d, Jor = 2.4 Hz), 138.0, 137.3, 129.6 (d, Jey = 6.4 Hz), 123.7 (d, Jor = 16.7 Hz),
122.7, 121.1 (d, Jer = 5.7 Hz), 119.5, 115.9 (d, Jor = 15.2 Hz), 111.4, 111.3, 56.9,
48.3, 28.6. F NMR (376 MHz, CD;OD) & -112.29. HRMS (ESI) calcd. for
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CisHsFNO, [M]*296.1081, found 296.1082.

HO O
NBI"
MeO “+ |
S OMe
15 (@]

15. Orange powder (82.0% yield). "H NMR (400 MHz, D,0) 6 8.74 (d, J=9.0 Hz,
1H), 8.59 (s, 1H), 8.50 (d, /= 9.3 Hz, 1H), 8.38 (d, /= 9.4 Hz, 1H), 8.19 (d, J = 9.1
Hz, 1H), 7.38 (s, 1H), 6.90 (s, 1H), 4.84 (t, J = 6.9 Hz, 2H), 3.98 (s, 3H), 3.90 (s, 3H),
3.18 (t, J = 6.8 Hz, 2H). *C NMR (100 MHz, D,0) 4 166.4, 153.0, 152.9, 147.6,
145.3, 140.3, 134.1, 132.4, 132.1, 129.1, 126.6, 120.0, 117.9, 117.7, 114.5, 111.3,
55.9, 53.2, 46.9, 25.0. HRMS (ESI) calcd. for Cy)H;sNO, [M]* 336.1230, found
336.1230.

HO
O NBr
MeO “+

16. Orange powder (78.3% yield). 'H NMR (400 MHz, CD;0D) & 8.60 (m, 1H),
8.00 (m, 3H), 7.82 (dd, J = 8.2, 7.0 Hz, 1H), 7.63 (d, J = 6.8 Hz, 1H), 7.21 (s, 1H),
6.53 (s, 1H), 4.43 (t, J = 6.0 Hz, 2H), 3.79 (s, 3H), 2.98 (t, J = 6.0 Hz, 2H). 3C NMR
(100 MHz, CD;0D) & 171.5, 155.4, 153.7, 140.9, 138.0, 136.2, 135.9, 133.0, 131.5,
129.5, 127.3, 120.0, 119.5, 116.3, 111.5, 56.9, 55.7, 29.1. HRMS (ESI) calcd. for
CigH1,NO, [M]* 278.1176, found 278.1178.

HO O
Br

MeO /Ill |
17 OMe

17. Red powder (73.2% yield). 'H NMR (400 MHz, CD;0D) ¢ 8.47 (d, J = 6.6 Hz,
1H), 8.39 (d, J = 6.8 Hz, 1H), 8.31 (d, J = 8.6 Hz, 1H), 7.96 (t, /= 8.3 Hz, 1H), 7.62
(d, J=17.8 Hz, 1H), 7.61(s, 1H), 7.02 (s, 1H), 4.71 (t, J = 8.0 Hz, 2H), 4.15 (s, 3H),
3.97 (s, 3H), 3.18 (t, J = 8.0 Hz, 2H). 13C NMR (100 MHz, CD5;0D) 6 157.2, 155.4,
154.8, 149.5, 136.4, 136.1, 133.8, 133.4, 1284, 123.4, 1194, 118.9, 118.0, 117.0,
115.1, 58.1, 57.8, 56.9, 28.4. HRMS (ESI) calcd. for C;oHgNO; [M]* 308.1281,
found 308.1281.
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18. Orange powder (70.8% yield)."H NMR (400 MHz, CD;0D) & 7.93 (dd, J=9.5,
6.1 Hz, 2H), 7.54 (t, J = 6.1 Hz, 2H), 7.34 (d, J = 8.1 Hz, 1H), 6.75 (s, 1H), 6.46 (s,
1H), 4.37 (brs, 2H), 3.85 (s, 3H), 3.71 (s, 3H), 3.03 (brs, 2H). *C NMR (100 MHz,
CD;0D) 8 171.0, 160.9, 154.9, 152.9, 142.8, 137.9, 136.1, 135.5, 121.0, 119.7, 117.9,
117.9, 117.9, 115.2, 112.3, 112.3, 56.9, 56.9, 55.0, 28.9. HRMS (ESI) calcd. for
Ci9H1gNO3 [M]* 308.1281, found 308.1280.

HO O
Br
MeO /"'\’l |
MeO !\
MeO
19
19. Orange powder (66.8% yield).'"H NMR (400 MHz, CD;0D) & 8.29 (d, J = 6.6
Hz, 1H), 8.04 (m, 3H), 7.20 (s, 1H), 6.92 (s, 1H), 4.64 (brs, 2H), 4.11 (s, 3H), 3.85 (s,
3H), 3.38 (s, 3H), 3.22 (brs, 2H). 3C NMR (100 MHz, CD;0D) & 155.7, 155.1, 153.7,
148.4, 148.1, 136.7, 134.2, 134.1, 126.7, 126.4, 124.6, 122.5, 120.9, 120.2, 115.2,

62.7, 58.7, 57.8, 56.6, 28.2. HRMS (ESI) calcd. for C,0H,0NO4 [M]* 338.1387, found
338.1388.

20

20. Red powder (75.3% yield). "H NMR (400 MHz, CD;0D) § 8.79 (d, J = 8.7 Hz,
1H), 8.61 (d, J= 7.1 Hz, 1H), 8.48 (d, J = 7.6 Hz, 1H), 8.42 (d, J= 7.0 Hz, 1H), 7.91
(t, J = 8.2 Hz, 1H), 7.56 (s, 1H), 7.06 (s, 1H), 4.75 (t, J = 8.0 Hz, 2H), 3.98 (s, 3H),
3.22 (t, J = 8.0 Hz, 2H). '3C NMR (100 MHz, CD;0D) § 156.0, 155.6, 149.7, 141.2,
140.2, 138.1, 136.4, 133.3, 132.6, 129.0, 124.0, 123.2, 119.3, 118.4, 117.0, 57.9, 56.9,
28.2. HRMS (ESI) calcd. for CysH,,BrNO, [M]* 356.0281, found 356.0280.
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Controlled reaction in the absence of oxygen

HO:©/\ HO HO

NBr Na,CO3 1.2 equiv NBr m

MeO “ MeOH, 50°C, 2h MeO &l * MeO ]
AN high purity N S

(0] o )

To an oven dried Schlenk tube equipped with a stir-bar in the glovebox, pyridinium
1 (0.20 mmol, 70 mg) and Na,CO; (0.24 mmol, 25 mg) were added. Dry MeOH (8
mL) was added to the mixture by syringe. The Schlenk tube was moved out of the
glove box and stirred at 50 °C for 2 h. After 2 hours, pyridinium 1 was completely
consumed (monitored by TLC). The reaction solution was concentrated in vacuum to
give the residue, which was subjected to flash chromatographic column
(dichloromethane/methanol = 20:1 to 10:1) to afford coupling product 2 (34 mg, 48.8%
yield) as an orange powder and 1,4-dihydropyridine 21 (25 mg , 45.9% yield) as a
yellow oil. Compound 21: '"H NMR (400 MHz, CD;0D) & 6.90 (s, 1H), 6.84 (d, J =
8.1 Hz, 1H), 6.72 (d, J = 1.8 Hz, 1H), 6.67 (dd, J = 8.1, 1.8 Hz, 1H), 5.86 (d, J = 8.0,
1H), 4.95 (m, 1H), 3.81 (s, 3H), 3.44 (t, J = 6.6 Hz, 2H), 2.93 (d, J = 1.2 Hz, 2H),
2.74 (t, J = 6.6 Hz, 2H), 1.96 (s, 3H). 13C NMR (100 MHz, CD;0D) & 198.5, 148.7,
148.7, 148.6, 133.2, 129.7, 122.4, 118.2, 113.8, 109.3, 109.1, 57.7, 57.3, 37.4, 24.2,
23.1. HRMS (ESI) caled. for C19H7NO;5 ([M+H]") 274.1438, found 274.1441.

Hydrogen transfer trapping experiment

O
X

o
HO g HO HO

mBr' 22 NE m ||

MeO “+ MeO “+ + MeO + N

| Na,COs, MeOH, | | ] |

LJ\N/ Ar, 50°C, 12 h LJ\N/
0 0 0

A X

1 2 21 23

A flame-dried, round-bottom flask was charged with pyridinium 1 (0.2 mmol, 70
mg), Na,CO; (0.3 mmol, 32 mg), and pyridinium 22 (0.4 mmol, 105 mg) in dry
MeOH (8 mL). The reaction mixture was allowed to be vacuumed and purged with
argon-blowing for 20 min. After stirring for 12 h at 50 °C, the reaction mixture was
concentrated in vacuum. The residue was subjected to flash chromatographic column
(dichloromethane/methanol = 20:1 to 15:1 to 10:1) to afford dehydrogenation
coupling product 2 (16 mg, 23.0% yield) as an orange powder, 1,4-dihydropyridine 21
(4 mg, 7.3% yield) as a yellow oil, and another 1,4-dihydropyridine 23 (4 mg, 14.6%
yield) as a yellow oil. Compound 23: 'H NMR (400 MHz, CDCl;) 3 6.89 (s, 1H), 5.66
(d, J=17.9 Hz, 1H), 4.89 (m, 1H), 3.05 (brs, 2H), 2.99 (s, 3H), 2.15 (s, 3H). 3C NMR
(100 MHz, CDCl3) 6 195.0, 144.1, 128.7, 109.0, 106.9, 41.2, 24.1, 21.4. HRMS (ESI)
caled. for CgH,NO ([M+H]") 138.0913, found 138.0911.
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Dynamic NMR experiment

Hom HO HO

NBr Na,CO3 1.2 equiv NBr m

MeO & MeOH, 50°C, 2h~ MeO & * MeO ]
A high purity N, A

O 9 (0]

To an oven dried 25 mL of round-bottom flask were added pyridinium 1 (0.1 mmol,
35 mg) and Na,COs; (0.12 mmol, 13 mg) in the glovebox. Methanol (10 mL) was also
added by syringe. Then, the sealed round-bottom flask was moved out of the glove
box and stirred at 50 °C for 2 h. 1 mL of this reaction solution was taken out
respectively at different time points (0 min, 15 min, 45 min, 90 min, and 120 min) and
was concentrated in vacuum to give the residue which was immediately dissolved in
CD;OD to perform 'H NMR experiments. The NMR analysis showed that in the
meantime consumption of pyridinium 1, equal amounts of coupling product 2 and 1,4-
dihydropyridine 21 appeared simultaneously.

120 min B2 e HaE  (HA
H-5 H-4 H-1'
k Hﬁ-( M H-6' H-T' H-4'

90 min

W\

Substrate + base

Substrate JUlv
: : : T T T ! r T : r - : T T T T T T ' - -
a. 9.2 9.0 88 86 82 80 7.8 & T 7 0 & 6.6 64 62 6 5.8 5.6 5.2 5.
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Deuterium labeling experiment

o/_\O o Hom
ﬁ 1.n-BuLi, D;,0 O)\ MeO B HO:©/\\+BF i
Br~ N7 2. HCI D7 N D)\
21a 21b

66%

o)

*7.0

8822 SER

g g g

3 7
o]

“/j)‘\
b~ ~N? D% > 98%

21b

o [100] =
10.96] m—
1097 —

{ —

o 8.5 8.0 7.5 7.0

70°C neat 3h MeO
1-[D] D
To a solution of protected 2-bromopyridine 21a (12.0 g,
49.6 mmol) in dry THF (100 mL) was added dropwise a
solution of n-BuLi (23.0 mL, 2.4 M solution in hexanes,

55.2 mmol) at —78 °C under argon atmosphere. The

mixture was stirred for an additional 1 h. D,O (99.8%, 11.3
mL, 500 mmol) was then added dropwise at -78 °C. The
reaction mixture was stirred for another 1 h at room
temperature. Then 150 mL of 4 mol/L HCl was added to
the reaction mixture. The result solution was warmed to

80°C for 1 h. The mixture was cooled to 0°C and saturated

sodium bicarbonate solution was slowly added to bring the
pH of the solution to ~7 and the resulting solution was
extracted with ethyl acetate (3 X 150 mL). The combined
organic phases were washed with brine (200 mL) and dried
over Na,SO4. The solvents were removed under reduced
pressure and the crude mixture was then purified by flash
chromatography over silica gel (petroleum ether/ethyl

acetate = 2:1) to afford 3.98 g (66% over 2 steps) of deuterated pyridine 21b as a
yellow oil. 'H NMR (300 MHz, CDCl;) 6 9.14 (s, 1H), 8.20 (dd, J = 8.0, 2.1 Hz, 1H),
7.40 (d, J = 7.9 Hz, 1H), 2.61 (s, 3H). *C NMR (75 MHz, CDCl3) 3 196.8, 150.0,
135.56, 132.4, 123.6, 26.81. HRMS (ESI) caled. for C;H;DNO ([M+H]") 123.0663,

found 123.0665.

..........

A suspension of phenylethyl bromide 1a (231 mg, 1.0
mmol) and deuterated pyridine 21b (363 mg, 3.0 mmol)
was stirred at 70 °C without solvents for 3 h. The mixture
was cooled to room temperature. The solid was collected
by filtration and washed with Et;,0O (3 x 20 mL) then
petroleum ether (3 x 20 mL). The residue yellow solid
was dried at 40°C in vacuum to yield pyridinium 1-[D]
(342 mg, 0.97 mmol, 97.2% yield) as a yellow powder.
'"H NMR (300 MHz, D,O) & 8.95 (d, J = 8.0 Hz, 1H),
8.87 (s, 1H), 8.12 (d, /= 8.0 Hz, 1H), 6.89 (d, J= 8.2 Hz,
1H), 6.54 (br, 2H), 4.91 (t, J = 6.0 Hz, 2H), 3.81 (s, 3H),
3.22 (t,J = 5.8 Hz, 2H), 2.62 (s, 3H). 13C NMR (75 MHz,
D,0) & 196.1, 146.8, 145.2, 144.6, 135.2, 128.3, 128.2,
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121.3, 115.8, 112.9, 63.5, 55.9, 35.9, 26.3. HRMS (ESI) calcd. for C;cH;;DNO; [M]*
273.1344, found 273.1349.

HO
HO ) HO
+ ’\IlBr Na,COj3 (1.2 equiv) NBr N A\
b i\ MeO “+ | + MeO D

MeOH, N,, 50°C, 2h

@)
2 47% 21-[D] 42%

25 nas ; To an oven dried Schlenk tube equipped with a stir-
bar, 1-[D] (0.20 mmol, 70 mg), Na,CO; (0.24 mmol, 25

Hom mg) were added in the glovebox. Dry MeOH (8 mL) was
1eo % added to the mixture by injection syringe in the glove
“ LE @ box. The result solution was stirred for 2 h in the glove

JL JL box at 50 °C. The schlenk tube was moved out of the

glove box and the reaction mixture was concentrated in

vacuum to give the residue, which was subjected to flash

chromatographic column (dichloromethane/methanol =

” 20:1 to 10:1) to afford coupling product 2 (32 mg, 46.6%
D@N yield) as an orange powder and 1,4-dihydropyridine 21-

e 21-[01% [D] (23 mg, 42.2% yield) as a yellow oil. Compound 21-
1D e [D]: '"H NMR (400 MHz, CD;0D) 8 6.90 (s, 1H), 6.84 (d,

J L ) L J=28.1 Hz, 1H), 6.71 (d, J = 2.0 Hz, 1H), 6.67 (dd, J =

= 8.1,2.0 Hz, 1H), 4.94 (m, 1H), 3.80 (s, 3H), 3.4 (t, J =

—_i

= R2.07

6.6 Hz, 2H), 2.92 (m, 1H), 2.73 (t, J = 6.6 Hz, 2H), 1.96
(s, 3H). 3C NMR (100 MHz, MeOD) § 198.51, 148.74, 148.65, 148.62, 133.25,
122.38, 118.17, 113.81, 109.14, 109.04, 57.69, 57.34, 37.40, 24.22, 23.05. HRMS
(ESI) caled. for C1gH;oDNO; ([M+H]") 275.1500, found 275.1508.

Aromatization of 1,4-dihydropyridine 3

N me
MeO aa _ HBrO | meo Y
MeOH, 50 °C, 2 h \

3 o 1,75% O

A solution of 3 (55 mg, 0.2 mmol) and HBr (0.25 mmol) in MeOH (6 mL) was
stirred at 50°C under oxygen atmosphere for 2 h. The reaction mixture was
concentrated in vacuum to give the residue, which was subjected to flash

chromatographic column (dichloromethane/methanol = 5:1) to afford pyridinium 1
(52 mg, 73.5% yield).
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Copies of "TH NMR and '3C NMR spectra

59
€59
889+
om.o /

608
018
I8
4%}
8L'8
mn.wN
L8'8
£€6'8
S6'8

HO
MeO

£20°¢ [
=€0°C

=0'¢

0T | =

6l [ <
60T | <

Ol
01|~
0T | <
0l |~

f1 (ppm)

89T —

88°C¢ —

£€6'6S —
GSE9—

Y6TIT
€8°¢I1 —
STICl —
e8¢l —
0Tsel —
LSYY1 =
mﬁ.mi\

£8°971
L6V

[196l —

HO
MeO

200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

210

S19



wo&m
LT v
1230%
98'6¥

LO-QC

99T — —A [so0°¢
(AN -
cl-c _ Ean.C e
sre - ;
0c'e E
€€
e YOTTS
16°€
£9'p -
s9% —=] =0T
A °%
‘lll‘?mo; ¢
———HoO |
——— e —
35'3 ~ ] rz0r1 [*
858 -
80°6 — —— 50071 [7
e 9 :
=

wm.hm\
06'LS /

65TI1
mﬁsﬁﬁw
Y8811 —

17'scl —
09°¢El —
veEl /

68 b1 —
6°LY1
mhomﬁx
mwemﬁ\

SE9SI

9T’ S61 —

HO
MeO

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

200 190 180

210

£1 (ppm)

S20



$9T—

6T°€ N
we

6L~
6%

L6y
867 7

w©9
$9'9 /
999 /
6L9
089
w9
6l'L
1L W
€L

s
m:«/
E.xw
S18

W8~
88~
168~

HO

Fse6'c

=I'C

mI'C

Em.o
260°1

60
=01

o1

001
Is61

LEIT —

Wt —

10

20

30

40

T ©9

90

00

1 (ppm|

S21

1}j0

TSyt
89°GI1

20

TO'TCT

roYaixeL-a

ST oCT
L9 QE] —

130

[R2A1
1zLe1

40

QG L1

T0°ZvT —

86°SST —

160 150

170

NBI’
+

3a

90

y1'961 —

HO

200

10



GlE
_NmW
7

6L

8r=F
om,v\

o
0o
159
e ck
o9
129
£y
€L ;%.
80
at HW
138
sy NV
wi-F
vy
oL

s
PIS:
i
LU
658~
£L8~

98—

PEE~
968"

HO

F86'l

=661

860
01
00l
660
hzo
heo't
66'0
ol
001

H‘ﬁoo._

£1 (ppm)

O 9t—

6T E9—

£0'98 |=—

areel—

HO

NBr'
=

4a

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

T
190

T
200

£1 (ppm)

S22



€t
vm.mw
9T¢
e8'¢—

oLy
6h

vo'y
96y

143

mm.ow
7697
vo.o\

178
s
vm.w\

L88—F
688
168
€68

HO

Br
|

Z+

MeO

CF3

5a

S

HO'T

F90°€

E50°C

H8'1
FEO0']

H00'1

60
16'1

2.0

5

5.

6.0

i}

(ppm)

1

98°¢e—

96°55—

£6°89—

LOEIT
wsi
97811
LT
YT
Pl
69€Tl
%071+
98871
08621
061
60¢1
£5°0ET
ST
65T
L6TH

66741 *
10°h1
$Tshl
S6'9b1
€Ll

L2
9T8II— = -
-4 18
Logt/
88171 im 5
re
60ETI— <+ (4o
BH
&
[ =
"
90'8TLy l@
98871 ;LT
L8
-
£
ST =
65°TH r
1
g
F
i
o
66THIN [
(] CAN .
|5
2
©
ko
e
g
s T

MeO

30 20

60 40

9F NMR (376 MHz, D,0)

190

80EE —

HO

T
-80

MeO

CF3

-70

-65

2
T

—10

-30

(ppm)

£1

S23



wﬁ.m/

0.0

0.5

0T<

e

6LV
L3811
68t 1
0611
vr9

.
q
¢

Yo
991
991
¥$9
591
1891
£€8°9
Ly'L ;
6v'L

T66C

T66°1

670

%60

£1 (ppm)

TSI
vSL Y
95°L Y
9L°L

om.w/
178

—

€08
(4]
08’8
8’8
006
0’6

<

—_——

HO

MeO

%60

81
61
Neo

wwm.o

=660

7E6°0
700'1

¥6°S€ —

9L'SS —

$S€9 —

9TT61 —

HO

N+ Br.

MeO

/

6a

110

T
150 140

T
160

£1 (ppm)

S24



61°¢
O:W
we

08¢ —

88%
cov\

619
w9 hY
ss9/"

989 —
889 7

mo.w
<08 W
L0°8

oL
15\
188~
€88

oi\

HO

MeO

0C

Hre

=81'C

60
6°0
o1

H00°1

60
H\w@.o

801

T
10.0

1 (ppm)

£8°5E —

$6°S§ —

09°€9 —

STEEl —

SPS91 —

HO
MeO

110

180 170 160 150 140 130 120 100
1 (ppm)

190

S25



€8¢ —

6Ly
067 ”
wr w
(54

€59
£5°9
59
59
659
659 7
169 —
69/

€1

91

€88

88 V
888 -7
06'8 7

916 —

)

HO
MeO

HI'C

HI'e

=80°C

0’1
¥6°0
=01

Hr

01
%w.o
Roo'1

1 (ppm)

s —

£6'SS —

£1p9 —

STSPL

68°9b1 M
WLyl —
8817

NBI"
=

HO
MeO

CN

8a

110

T
120

T
130

T
140

150

160

T
170

T
180

T
190

£1 (ppm)

S26



0Te
44 MW
€T

18€ —
66'¢ —

6Ly
%v”

067
wh w

1€°9
159
€59
€9
59
mm.o\

889 —

0697

L0°8
608 W
608
s \

LL8
6L'8 AN

96'8
96'8 N-
L6'8

HO

NBI"
="

MeO

OMe

9a

e
+0'€
Feoe t

Fo1'e

L6°0
80 [
=01

HO'T

50T
Fes1 t

€876 —

SL'ES —
06°s§ —

LS9 —

68TIT —
LS —

61171 —

L1'8T1
€T8TI v
90°0e1 "

1Tspl
8ESHI W
€9°5t1

1891 \
ozLvl

1reor —

HO

MeO

190 180 170 160 150 140 130 120 110

200

£1 (ppm)

S27



06T —

81°¢
cm.mw
we

P8E—
w0y —

167 —=

(54 \
6y

959
959
159
159
69
€69 N
6'9

mnr
C:V

wL 7/

Lr'8
8’8 >

6L8~
08'8 "

HO

NBr Me

="

MeO

OMe

10a

=€1'¢
¥9C'C

~£C¢
~0°€

=00°C
=90°1 |

BI'T

Il -
01

5.0 4.5
£1 (ppm)

5.5

6.0

L —

e —

68°€S ~
£6'SS —
9109 —

06TIT —
68511 —

LTIT —
89971 —
SE8TI —
POTEl —

€ISyl

TE9p1 V
P8OV <7
o/
SP9ST —

£6°591 —

NBr” Me
OMe

=
NS

10a

HO
MeO

40 30 20

50

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70
£1 (ppm)

230

S28



£€TE—

€LE—

6Ly —

0Ts —

0£9 —

119~
wo"

€©LL
ﬁ.»W
L
S6L—
SI8—
r_.w\
61'8
099'8
L98~"

006~
W06 ~"

HO

MeO

0'C

RI'€

Fere

feot

Fern

201
01
Al
|4

o1
Foo'1

2.0

4.0

7.0

7.5

8.0

£1 (ppm)

9EpE —

P8 —
$6'86 —

18—
6071 —

10°6T1 ~
68671 —
997081
1L
bULEl—

L8Pb1
E.QEW
wipl—
syl

HO
MeO

110

T
140

150

T
160

170

£1 (ppm)

S29



8TE
o:w
€€

8LE—

Zm
xN.mW
[y

SE6~
or'6 ="

HO

Z+
\

MeO

Y

Br

12a

=TT

=¢'e

=C'C

HTT

HI'T

ST
kT
269

HITT

H00°'L

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
£1 (ppm)

10.0

she—

0655—

Ly6s—

we—

SEPLI—
O8'8LI
916zl

LoreEl—
195¢1-"

168E1—

SOl
coorl+

HO

NBI"

>
X

MeO

Br

12a

190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

200

S30



60°¢
c_.mw
e

enwe—

01y —

6Ly —

iy
Smw
6t's

979
m:W
679

699~
o ~"

wL
PoL
e
wL
€LL
SUL

8L
€8°L
P8L
98°L

98~
P8~
W68~
v6'8 "

- - 66’1

= 0’1

OMe
NBI"
~+
NN
13a

T
9.5

HO

MeO

T
10.0

1 (‘ppm)

§99€ —

8L'SS ~_
8595

959 —

16071 —=
yTITl \
[geat

6061 —
8S°6T1 \

SF_:\
€1eel

€9°tP1

TSN
1Lyl —
S86v1 —
ecost

l

H

M

|

|

="
X
13a

HO
MeO

110

T
120

T
140

T T
180 170 160

T
190

T
200

£1 (ppm)

S31



869
868

813
810
809
—48

HO

MeO /+|

o . e by oy AR X! T ki
e =) vy © e =T e = o) (=]
—_——— o — —— o o
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
1 (ppm)
& E%éjgiiﬁ g
T EREWERETE &
g og z &% 5= ® %
2 23 g 88 23 = =
N VY NI I

T T T T
149. 6 149. 2 148.8 135 133 131 129 127 123 12 119 117

125
1 (ppm) £1 (ppm)

NBF'
="

MeO

T T T T T T T T T
190 180 170 160 150 140 130 120 110

100 20 80 70 50 50 10 30 20 10
f1 (ppm)
19F NMR (376 MHz, D,0)
HO
NBF_
MeO ~+ |
X
14a F

110
£1 (ppm)

S32



1ITe
..N,wv
L42%

e—

6L
xm,w/

06 vW
[

WL

HO

NBI"
=

MeO

16a

Fele

=L0'E

FZZT

101
260
o1

SOl
80'€
90T

Ol

£1 (ppm)

cLee—

BECE—

PEZI—

8

-
{44141
sret1

NBI"

>
X

16a

HO
MeO

T

T

E
o
8
&
8
2
2
=
2
=
8
o
2
=
B
=
8
2 n
o2&
32 [9al
B n
&
o
2
o
8
&
I
3
o
o
E
=
2
o
3
&
o
2
=
2
=
2

200



are
_u‘mw
T e
69 E—

wr—

[a

A

L95E —

98755~
wes

J el -

xx.vw
68

659
659
[T
L \‘
E
B
LT
699

SEL
wi
€L
<Y hV
B~
08
e
oTE
R.xV
L
ws

90—

|
¥
o™l
N
™
T
5.0
f1 (ppm)

WP~
85°9p1 —
[MEiate

Trpst —

HO
17a
HO

MeO

MeO

OMe

17a

110

130

£1 (ppm)

S34



19—

woe—

S
L

eL'h-

vTo-
T
9T
9T’
9¢ cu\
99
159
£5'9

60 L~
e

Wiy
ab'i
(8¢
&8¢
16—
SO'8:
{08

8[ x*.
0T’

P68

HO

MeO

MeO

18a

Fziz
=E0'E

=10t

=¥0'C

SO'L

001

w
"

6.0

£1 (ppm)

SO§E—

9955~
695"

9ET9—

GUPPI~,
00SpI—
osop1+"

PriST—

HO

“+

MeO

MeO

18a

190 180 0 160 150 140 130 120 110 100 80 60
£1 (ppm)

200

S35



81'E
oN.mW
e

89°¢ —
8LE—

S0y —

6Ly
6LY

87~

68 \
06t

19—

9
w9 W
€L9

Y6'L
96°L /
w08
P0'8 X

LT —

168 —

HO

MeO

MeO

MeO

19a

BI'c

fee1

Ho't

60
60
voe

£96E—

8P SE~

<2
& B
&
=

w

I

B

<

I

s

o~
vl
o w.:W
98ppI

= iwopt”

= SIIS1—

B

o

w

o

s

S

w

o

B

=

HO

MeO

MeO

19a

MeO

50

T
T

110

T T
150 140

T
160

T
190

T
200

f1 (ppm)

S36



we
_.u.mW
orE:

we—

9LE~_

wr
.qu.
961

BLL
cxnw
WL

PIS~
org«”

e
vv.x./.

SHE
nn.x%n
S8

Bl6—

HO

NBF'
z

MeO

r

20a

FL1T

=£0't

Feee

960
960
Aot

T
790’1
00T
00'1

0’1

0
]

3.0

[
[t

6.0

10.0

f1 (ppm)

£LsE—

168s—

88 L9—

we—
@

€011
1T Z_ﬂ
8BS
1P'8T1
m:,xﬁ_w
\.h,pu_l\
o 1Ll
90SEL

LPoEL
vsor<"

BU6PI—

HO

MeO

20a

T T
150 140

T
160

T
190

T
200

£1 (ppm)

S37



ILre—
9T’e
8T'¢
0g'e
1ee
1ee
1ee

8L
ow.ﬂ/
(424
ow.v\

89
mw.o/
w069

w069
g.o\
69

L08~,
608"
Pr8~
98
L8

L3 F

an.w\
6L'8

876 —

HO

Feo¢

=66'1

=L0'C

860
20T

001
#60°1

/0T

=001

6.0 5.5 5.0 4.5
£1 (ppm)

6.5

8.5 8.0 7.5

9.0

10.0

60

70

[SWARI

"

110

1 (ppm)

£0°Q11

coerrd

1P

98pz1 <

sreer

1fto}

08" T

1svp1 7
8L°LYT
1SHST~

150

$1°80] —

0

80

T
190

T
200

S38



05 T—

we
vm‘ml/.\

L

oW
8L v/.
6L

ST6—

HO

~£0'C

koo

L6'0
10°1

v¥0T
~E0'1
\eoz
ot
/660
NEO'T

=001

n
e

3.0

0
=)

6.0

10.0

f1 (ppm)

8E9L—

PEGE
S66¢E
9L6E

L0
BEOb
65°0F

Tps—

9S6TI~

8S0EI-F
CNS_M
LUEEL
w.a,w:\v
1Lsel
ctom/

0PI
991"

£S5 11—

TUp9lI—

Sril—

HO

10

40

150 140 130 120 110 100 90
f1 (ppm)

160

190 180

200

S39



LLY
6Ly

e

87
ow.v\

69—

HO

MeO

=61'C

80T

H0'1

Ho6'l

HO'I

09°LT—

£For
8576
L6h
9861
00°0§

sz0s/
05°L8~,
1857

(ppm)

1

90 MEW

80°sP1
sl
pIsHl
LIsHl
FL0ST
1051
LY9ST

werl
FO'ERL
90°€¥1

80°Svl
[18Y3
FISHl
AR

y

124 123

5
f1 (ppm)

12

126

143.0

0 144.5 1440 143.5
£1 (ppm)

145.

145.5

HO

MeO

130

140

10

60

100
f1 (ppm)

110

120

170 160 150

180

9F NMR (376 MHz, CD;0D)

BT Hr—

HO

MeO

-45

-40
f1 (ppm)

540



LO'E
60’

ore
ﬁﬂm\
88'¢—

(3 4
mhvv
LS

ll& koo

Fo0'e

- FrOT

o@vx

8F'9—
€eL
6S'L
1oL
£9°L
ELiLy

vLL
L8L
68'L
LL'8
618
ceE8
LE'S
L8

HO

MeO

F96'0

801
m%._

960
el
hop'
Ao
F00'1

f1 (ppm)

S6'LT—

wer
£r6h
961
986t
LO'0S

05708

6TLS ~
08Ls "

61711 —
8TLII

6S°LIL v
WSt —
101et

86161\
67'EE1 ~—
98El -7
68’ mﬂ*
L L1

s —
€81 —

£6181 —
8LEST —

17651 —

L9261 —

HO
MeO

110

170

£1 (ppm)

S41



I8E—

Les
9’ v/
3P

=

I

05'9—

HO

MeO

F00C

FZ6'T

=20

F66'0

FLO'T

101
560
Y?5._

f1 (ppm)

prE—

8T01—

PrLIl—

BOETl—

657LE1—

9SPET—

wepl—
Irsp1—

PIES I~
8IS 1"

B1991—

HO

MeO

170 160 150 140 130 120 110 100 90
1 (ppm)

180

190

542



€€
_mmv
€€
€8E —

N«v
HOAN

Eiad 7/

869 —

0TL—

w08
v.:/

L08

SL8—

HO

NBI"
2

MeO

CN

860

HI'T

RI'T

Foo't

3.0

6.5

7.0

£1 (ppm)

WL —

LS8
sy
988t
00°6%

8C ot
et
08's§
009¢

96701 —
61°601
omoc_v

PoSI—

P69€1 —

Py —

60671 —

STELl —

HO

MeO

190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

200

S43



mmv
<5 QV

[y v\

G 9—

6ali—

U8~
pra="
(3%

ar's:
mwi\
s

68—

HO

MeO

Fr60

Fson

Frol

F860

Foo'1

f1 (ppm)

S9LT—

LS8t
18y
98°8t
0067
16t

"

LEES —
16°SS
O:wa

29601 ~
8E011 -~

SS8IT—

6TTTl
0s°TTL

PRSEl —
167171 —
9991 —

TEEST
6£°EST

SHPI1 —

SroLt —

HO

MeO

o

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

200

S44



P0'E
90°€
80°€

ore—
1€°¢
_:N
1ee

W6¢~
66°¢ —

8
ova

197/

999 —

&L —

618~
ws "
£68~
958"

HO

NBr Me

~“+

MeO

OMe

10

L'e
I'c

%mo.m
6'C

=80°C

01
01

HO'T
001

81—

LS'8Y
18t
98'8%
00°6t
y16t

€L€S —
1595 —

18011 —

8911 —

PEITL —

91971 —

61pEl —

9Ibpl —

wist—
90pST —
SILSt—

90991 —

HO

NBr Me

~“+

MeO

OMe

10

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

T
190

T
200

1 (ppm)

S45



are
m:‘w
PIEs

€€
63
(£33
sEE

ge—

L
St VW

99—

HO
MeO

g 2

o

F

1

c0¢T

88T

11'c

880

0
e

3.0

)
w5

6.0

10.0

f1 (ppm)

£18t—

958
£F Gl
6P
TL6w
o5 Gt

—
Il cmu\
6205
b es—

PTEEI~
Lreti—"

oTZEI—"
ORSE I~
9£9£1~"

Gl IpT—

ogspI—

PrEsI—

Ly pS1—
[
—

HO
MeO

170 160 150 140 130 120 110 100 90
£1 (ppm)

180

190

S46



60°¢
o_.mW
e
€€
€€ N
€€

98¢ —

89
can
Iy

————— T

=60'¢

w9 —

0€L —

wL
pUL W
SLL
L8L—F
oL/

918 —

w_.w\

858~
098"

HO

MeO

12

=0'1

e L98T —

[4%14
€6t
85°61
wer
98°6t

r1Ios

6895 —

LSEST ~
9pS1—

PEPLI —

HO

MeO

Br

12

l

l

}

)

|

110

130

150

£1 (ppm)

S47



we
P0°E W
90°€

1€°¢
_:N
€€

68°¢ —

607 —

98F —

80°S
o_.mN
(183

P9 —

6L —
vSL—
om.n\
8S'L

18~
€18~

8€8 —
s/

OMe

HO

NB

Z
X

13

MeO

wre

R4

2001
01
bre

01
o1

1£62—

O8'ETI~

PE6T I~
£80£1-—
sezgl”

BLEl—

eerl—

PEROI—

HO

JR—

MeO

180 170 160 150 140 130 120 110 100 90
£1 (ppm)

190

S48



UGS T [ T
HO
NBF'
MeO “+ |
A £
14
|
s N L*
sHSE L & < S & %
=== - =2 <= — = —
—_— e — (o] — —_— o o (]
‘3‘ 5 ‘)‘ 0 8‘ 5 8‘ o 7‘ 5 7‘ 0 (5‘. 5 6‘. 0 51 5 5‘. o 4‘. 5 /A‘A 0 i‘. 5 IS‘. [ 21 5 2‘. o l‘. 5 l‘A 0 0‘. 5
1 (ppm)
3 g8 @@ g saxfsnnsy N
g EERL 5 ggafececw &
[ Y 7 [
23 28 & z 28
2 A 7T T Y2
; |
1 " i 1"
‘—‘L i Il
e |
—— R e e e e A |
142, 4 142.0 ﬂl??ﬁ: 124 122 120 118 116 114 112
£1 (ppm) PP £1 (ppm)
HO
NBr
MeO “+ |
A £
1
14 .
1
” i | J
200 190 180 170 160 150 140 130 120 110 100 90 80 70 0 50 10 30 20 10 o
f1 (ppm)
1F NMR (376 MHz, CD;0D)
HO
NBI"
MeO “+ |
2
F
14
-103 —104 —105 —106 -107 —108 -109 =111 -112 -113 -114 -115 -116 -117 -118 -119 —12(

-100 -101 -102

-110
f1 (ppm)

549



r—

GEP_

SE'P-
& VW-
6t

OMe

N Br-
|

Z4
NS

MeO

15

FseT

1T

F81'C

Fso1

#00'[
hg6'1

o

[
]

f1 (ppm)

S6YT —

9897 —

9res —
16'SS —

N«.mﬁ *
SOPEl

STOP1 —
6TSPl —
9Lyl —

w991 —

HO

OMe

MeO

110

T
120

T
130

T
140

150

T
160

170

T
180

T
190

£1 (ppm)

S50



L&'
86 wv
00'E:
€€
£ mw.
€€

ale—

¥t
£
i v

38 p—

£5'9—

HO
MeO

J

00T

86T

Fooz

£1 (ppm)

(144
£V 6b

SY6h
9R 6
L0105

0508
9965~
P69~

P —

8 [y
TTocl-,
£0 xv_u\v
98 op1~"

ELEST=—~
9£55 1=

SHL—

T
90

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

T
180

T
190

T
200

£1 (ppm)

S51



Lre
x:W
0Te
1€e
_mmw
€€

L6€ —
SIh—

69t

Iy %
@y —=
P8y —

wL—

09°L~
WL
[

061
s/
0£'8

T8 ~x
8E'8 -7

or'8
9’8
8’8

HO

MeO

A

H1'C

9.5 9.0 8.5

10.0

£1 (ppm)

6£87 —

Is6v1 —

ERPST~_
£rSST—
sILs1"

110

120

130

T
140

150

T
160

170

£1 (ppm)

S52



Er—

n

s

UL

99—

SL9—

£6'1L
£ NV‘
w5
s ./
s8¢

16'¢:
w6
£6'L
S6'L

Lozz

v60'E
SETE

k60T

=00°1
E1071

han:
o'l

o1z

TSN

£1 (ppm)

L88T—

9TTIL
6TTIL

wsi —
9%L1L

ewn:w
€6°LIT
99611

PO'ITI

08°S€1~_
80°9€1
wLer "

08T —

L8TST —
8PS —

$8°091 —

€0°1L1—

110

130

£1 (ppm)

S53



we~ _ 6’1
sot = u 67T |
syg— 96'C
0 98T |
Py — L W@ON I
w69 — - 880 |
0L — \ lew.o
w8 |
«o.w%

L8

608 |
s — W

g Q/—

91I'8t—

5.0 4.5

£1 (ppm)

5.5

N SOPEL
© w1
s99c1~"

£I8P1
OF'8k 1
e 1LEST~
o~ BOSSI~—
wss1<"

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
200

S54



86'E—

L
st VW
9L
981

90 L—

%'l—

«_zw
:NKW
€60

s

i x/
Lr8~s
a8

08 x\

A

=60C

=80'¢

ECI'C

f1 (ppm)

rer—

996k 1—

9SS~y
pO9s1~"

190 180 17 160 150 140 130 120 110 100 90
f1 (ppm)

200

S55



wer
£t 3/
———e

os1— J =H0'€ |
: o
—
=661 |5
- = 1T |0
J 6T €T
4
88t )
el ] _J
s6v B 2 KA
96t —
L6V G
S8°¢C
svs ===1160'1 |-
n«m\. Fg
999
EW 171 |2
mo”“u — M.M
Q J— ot |-
£8°9 e
o6 01
e} =
z b
Sl - i
N { .
¢ 3§
= L3

80°€T ~

1Tye—

op'LE —

98°61

LS~
s

LUETT—

9181l —
8€TT —

69671 —
€TEEl —

09°8%1
69°8F1 W.
EL8Y1

LY861 —

HO

MeO

30 20

40

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

230

£1 (ppm)

S56



9 n
& 0
I
0]
"
23
|
[ .
= St T o al
< — < oy oo <t
S & o & =
— (=] (=] o [ag]
T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5. 3.5 3.0 2.5 2.0 L5 Lo 0.5
f1 (ppm)
= a i &
< % 223 8 =i
= = g = 3=
| N Il
O
|
23

T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120

f1

T
110

S57

(ppm)



19z—

9T I~
8~
W

6l
GI'8
s
we

rie—

J

|

FOOE

Freo

960

Foo't

f1 (ppm)

89—

PLOL
91 E..W
8BS LL

BSELI—

9CTEl—
98'eLI—

£00S1—

861—

|

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

T
210

S58



we—

ore
[44 W‘W
(443

6L

A

L

68

16—
€6 v

bS9—

B89~
069"

8~
18"

38~
P68~
96" z\

1-[D] (e}
[

HO
MeO

FTOE

k1T

F80'¢

FEOT

Fiere
o'l

£l (ppm)

0£'9Z— -

(85— -

S6SE— -

8rEo— -

S6TH— =
BS1— -

STI1ZI— -

078zl _

st

olsgl— -

0PI~

o

1-[D]

Zro6l— -

HO
MeO

190 180 170 160 150 140 130 120 110 100 90

200

£l (ppm)

S59



96 |—

B8P

€6F
LS vw
96t

HO

MeO

D" H
210 ©

ez
=L0T
~60'1

=00°C

=F0"[

911
a0l
cll
00°1

f1 (ppm)

SOEE~
TTpe—"

4223
96t
986
s

[N
695~

BEETI~C

STEEl—

wEpl
SoEpl W.
PLEPL

IS861—

o

21-[D]

HO
MeO

T
140

T
160

T
170

{ppm)

f1

S60



