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Synthesis of 3-aryl-1-phosphinoimidazo[1,5-a]pyridine ligands for
use in palladium-catalyzed cross-coupling reactions

Ryan Q. Tran, Long P. Dinh Seth A. Jacoby, Nekoda W. Harris, William A. Swann,
Savannah N. Williamson, Rebecca Y. Semsey, and Larry Yet"

General Considerations

'H, 13C, and 3'P NMR spectra were obtained on a JEOL 500 MHz NMR at 500 MHz, 125 MHz,
and 202 MHz, respectively, as solutions in CDCl; or in DMSO-ds. Chemical shifts were reported
in parts per million (ppm, §). TLC analyses were performed on Whatman flexible aluminum
backed TLC plates with a fluorescent indicator. Detection was conducted by UV absorption (254
nm). High-purity grade silica gel (Merck Grade 7734), pore size 60 A, 70-230 mesh was used for
all chromatographic separations. All chemicals used for synthetic procedures were reagent grade
or better. Solutions were concentrated in vacuo with a rotary evaporator and the residue was

purified by column chromatography using silica gel.
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N-[(Pyridin-2-yl)methyl]formamide. To a 500 mL round-bottom flask, formic acid (60 mL) was
added dropwise to 2-aminomethylpyridine (12.0 g, 0.11 mmol) at 0 °C under argon. After the
addition, the solution mixture was stirred at 100 °C for 5 h. The reaction mixture was quenched
with 50% w/w NaOH solution until the pH of 10. The reaction mixture was extracted with
dichloromethane (6 x 100 mL). The organic layers were combined, dried over Na,SO, and
condensed in vacuo to give a yellow oil (11.5 g, 77%). '"H NMR (500 MHz, CDCl;) & 8.50 — 8.48

(m, 1H), 8.29 (dd, /= 1.8, 0.9 Hz, 1H), 7.86 (m, 1H), 7.68 — 7.63 (m, 1H), 7.28 (dd, /= 7.8, 0.9



Hz, 1H), 7.21 — 7.17 (m, 1H), 4.57 (d, J = 5.6 Hz, 2H). '*C NMR (126 MHz, CDCl;) & 208.5,

161.7, 149.0, 137.0, 122.6, 122.1, 43.1.

Imidazo[1,5-a]pyridine (5). To a 500 mL round-bottom flask was added N-[(pyridin-2-
yl)methyl]formamide (2.1 g, 0.015 mol) in toluene (10 mL). POCI; (2 mL, 0.021 mol) was added
dropwise to the solution while stirring. The reaction mixture was stirred and reflux for 2 h under
argon. The reaction mixture was quenched with 50% w/w NaOH until the pH of 10. The solution
mixture was extracted with dichloromethane (4 x 70 mL). The organic layers were combined, dried
over Na,SO, and condensed in vacuo to give a brown solid (1.36 g, 76%). '"H NMR (500 MHz,
Chloroform-d) ¢ 8.10 (s, 1H), 7.91 (m, 1H), 7.45 — 7.38 (m, 2H), 6.71 — 6.66 (m, 1H), 6.53 (d, J =

7.0 Hz, 1H). 3C NMR (126 MHz, CDCl;) § 130.4, 127.7, 122.2, 119.9, 119.1, 118.4, 112.8.

1-lodoimidazo[1,5-a]pyridine (6). To a 500 mL round-bottom flask was added imidazo[1,5-
a]pyridine (2.0 g, 17 mmol) in THF (121 mL) under argon. To the solution was added dropwise
NIS (4.0 g, 17.7 mmol) dissolved in THF (80 mL). The reaction mixture was allowed to stir on ice
overnight. The reaction mixture was quenched with Na,S,05 solution (80 mL) and extracted with
dichloromethane (4 x 100 mL). The organic layers were combined, dried over Na,SO4 and
condensed in vacuo. Column chromatography was performed using chloroform:acetone (9:1)

eluent to give a brown solid (2.63 g, 63%). 'H NMR (500 MHz, CDCls) 6 8.07 (s, 1H), 7.89 (d, J



=7.1 Hz, 1H), 7.12 (dd, J=9.2, 1.1 Hz, 1H), 6.67 — 6.63 (m, 1H), 6.51 — 6.46 (m, 1H). 3C NMR

(126 MHz, CDCl3) 6 132.1, 129.5, 122.9, 120.7, 117.8, 113.5, 72.2.
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1-Dicyclohexylphosphino-imidazo[1,5-a]pyridine (7a). To a 20 mL brown vial, 1-
iodoimidazo[ 1,5-a]pyridine (600 mg, 1.86 mmol) was dissolved in 1,4-dioxane (6 mL). The
reaction was purged with argon. To the solution was added Cs,CO; (721 mg, 2.2 mmol), DIPPF
(8.37 mg, 0.037 mmol) and Pd(OAc); (19.4 mg, 0.047 mmol). The solution was capped and stirred
at room temperature for 2 h. Dicyclohexylphophine (1.86 mmol, 3.27 mL in 0.5 M hexane
solution) was added to the solution; the solution was again purged with argon and then capped.
The solution was allowed to stir overnight at 80 °C for 12 h. The crude reaction mixture was
filtered over Celite and rinsed with ethyl acetate (3 x 10 mL). The mixture was further purified by
column chromatography using a chloroform:acetone (97:3) eluent to give a yellow solid (191 mg,
33%). '"H NMR (500 MHz, CDCl;) 6 8.22 (s, 1H), 7.89 (m, 1H), 7.67 (d, J = 9.3 Hz, 1H), 6.72 —
6.68 (m, 1H), 6.56 — 6.51 (m, 1H), 2.16 (td, J=11.9, 2.9 Hz, 2H), 1.92 — 1.54 (m, 12H), 1.35 -
1.00 (m, 8H).'*C NMR (126 MHz, CDCL;) 8 138.1 137.7,129.3,122.4,119.6, 118.9, 112.8, 32.8,

30.4,29.2,27.2,27.0, 26.6. 3'P NMR (202 MHz, CDCl;) & -26.6.
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1-Di-(z-butyl)phosphino-imidazo[1,5-a]pyridine (7b). To a 20 mL brown vial, 1-
iodoimidazo[1,5-a]pyridine (200 mg, 0.62 mmol) was dissolved in 1,4 dioxane (4 mL). The
reaction was purged with argon. To the solution was added Cs,COj3 (240 mg, 0.74 mmol), DIPPF
(2.7 mg, 0.012 mmol) and Pd(OAc), (6.7 mg, 0.016 mmol).The solution was capped and stirred at
room temperature for 2 h. Di-(¢-butyl)phosphine (0.62 mmol, 1.24 mL in 0.5 M hexane solution)
was added to the solution; the solution was again purged with argon and then capped. The solution
was allowed to stir overnight at 80 °C for 12 h. The crude reaction mixture was filtered over Celite
and rinsed with ethyl acetate (3 x 10 mL portions). The mixture was further purified by column
chromatography using a chloroform:acetone (9:1) eluent to give a yellow solid (78 mg, 48%). 'H
NMR (500 MHz, CDCl;) 6 8.20 (d, J = 2.6 Hz, 1H), 7.90 — 7.85 (m, 1H), 7.77 — 7.71 (m, 1H),
6.72 — 6.66 (m, 1H), 6.54 — 6.47 (m, 1H), 1.27 — 1.10 (m, 18H). 3C NMR (126 MHz, CDCl;) 6

138.7,129.1, 122.4, 120.5, 119.8, 119.3, 112.8, 33.1, 30.5. 3'P NMR (202 MHz, CDCl;) 6 4.3.

PPh,

1-Diphenylphosphino-imidazo[1,5-a]pyridine (7c). To a 20 mL brown vial, 1-iodoimidazo[1,5-
a]pyridine (300 mg, 0.93 mmol) was dissolved in 1,4-dioxane (3 mL). The reaction was purged
with argon. To the solution was added Cs,COj3 (355 mg, 1.10 mmol), DIPPF (9.6 mg, 0.023 mmol)
and Pd(OAc), (4.3 mg, 0.019 mmol). The solution was capped and stirred at room temperature for
2 h. Diphenylphosphine (173 mg, 0.93 mmol) was added to the solution; the solution was again
purged with argon and then capped. The solution was allowed to stir overnight at 80 °C for 12 h.
The crude reaction mixture was filtered over Celite and rinsed with ethyl acetate (3 x 10 mL

portions). The mixture was further purified by column chromatography using a
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chloroform:acetone (9:1) eluent to give a brown solid (70 mg, 25%). '"H NMR (500 MHz, CDCl3)
0 8.26 (s, 1H), 7.88 (d, J = 7.4 Hz, 1H), 7.57 — 7.50 (m, 5H), 7.34 — 7.23 (m, 6H), 6.73 (t,J = 9.0
Hz, 1H), 6.55 (t,J = 6.6 Hz, 1H). '*C NMR (126 MHz, CDCl;) 6 138.1, 133.6, 133.4, 131.7, 130.5,

128.3, 125.6, 122.9, 120.8, 118.6, 113.2. 3'P NMR (202 MHz, CDCl;) 6 -33.0.
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3-Methoxy-/N-[(pyridin-2-yl)methyl]|benzamide (8c). To a 50 mL round-bottom flask was
added 3-methoxybenzoic acid (1.2 g, 7.89 mmol) in dicholoromethane (40 mL) under argon.
Oxalyl chloride (709 pL, 8.27 mmol) and DMF (6 drops) were slowly added to the reaction
mixture over 30 min through a septum. The reaction mixture was allowed to stir at room
temperature for 2 h. The solvent was removed in vacuo and the crude material was collected and
used in the next step. The crude product was re-dissolved in dichloromethane (40 mL) and purged
with argon. 2-Aminomethylpyridine (832 mg, 7.51 mmol) and triethylamine (1.3 mL, 9.02 mmol)
were slowly injected to the reaction mixture through a septum. The reaction mixture was allowed
to stir on ice overnight. The reaction mixture was quenched with NaHCO; (30 mL) and extracted
with dichloromethane (4 x 30 mL). The organic layers were combined, dried over sodium sulfate
and condensed in vacuo to give a white solid (1.82 g, 100%). 'H NMR (500 MHz, CDCls) & 8.54
—8.52 (m, 1H), 7.86 (t, J = 5.1 Hz, 1H), 7.65 (td, J= 7.7, 1.8 Hz, 1H), 7.45 (dd, J = 2.7, 1.6 Hz,
1H), 7.43 - 7.39 (m, 1H), 7.33 — 7.28 (m, 2H), 7.21 — 7.17 (m, 1H), 7.03 — 7.00 (m, 1H), 4.73 (d,
J=5.0 Hz, 2H), 3.81 (s, 3H). *C NMR (126 MHz, CDCl;) 8 167.5, 159.6, 157.1, 148.8, 136.8,

135.6,129.4,122.3,121.9,119.2, 117.6, 112.4, 55.2, 45.0.
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4-Methoxy-N-[(pyridin-2-yl)methyl|benzamide (8d). To a 50 mL round-bottom flask was
added 4-methoxybenzoic acid (1.6 g, 10.5 mmol) in dicholoromethane (50 mL) under argon.
Oxalyl chloride (950 pL, 11.0 mmol) and DMF (6 drops) were slowly added to the reaction
mixture over 30 minutes through a septum. The reaction mixture was allowed to stir at room
temperature for 3 h. The solvent was removed in vacuo and the crude material was collected and
used in the next step. The crude product was re-dissolved in dichloromethane (50 mL) and purged
with argon. 2-Aminomethylpyridine (1.08 g, 10.0 mmol) and triethylamine (1.7 mL, 12.0 mmol)
were slowly injected to the reaction mixture through a septum. The reaction mixture was allowed
to stir on ice overnight. The reaction mixture was quenched with NaHCOj; (30 mL) and extracted
with dichloromethane (4 x 30 mL). The organic layers were combined, dried over sodium sulfate
and condensed in vacuo to give a white solid (2.44 g, 100%). "H NMR (500 MHz, CDCl;) & 8.54
(ddd, J=5.0, 1.8, 0.9 Hz, 1H), 7.85 - 7.77 (m, 2H), 7.66 (td, J = 7.7, 1.8 Hz, 1H), 7.54 (t,J=5.1
Hz, 1H), 7.31 (dt,J =7.8, 1.1 Hz, 1H), 7.21 — 7.17 (m, 1H), 6.93 — 6.88 (m, 2H), 4.73 (d, J = 4.9
Hz, 2H), 3.83 (s, 3H). 3C NMR (126 MHz, CDCl3) 8 167.0, 162.3, 156.6, 149.1, 136.9, 129.0,

126.8, 122.5,122.3, 113.8, 55.5, 44.8.
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2,4-Dimethoxy-/NV-[(pyridin-2-yl)methyl|benzamide (8¢). To a 50 mL round-bottom flask was
added 2,4-dimethoxybenzoic acid (1.6 g, 8.8 mmol) in dichloromethane (50 mL) under argon.

Oxalyl chloride (800 pL, 9.2 mmol) and DMF (6 drops) were slowly added to the reaction mixture



over 30 minutes through a septum. The reaction mixture was allowed to stir at room temperature
for 3 h. The solvent was removed in vacuo and the crude material was collected and used in the
next step. The crude product was re-dissolved in dichloromethane (50 mL) and purged with argon.
2-Aminomethylpyridine (905 mg, 8.4 mmol) and triethylamine (970 uL, 10.1 mmol) were slowly
injected to the reaction mixture through a septum. The reaction mixture was allowed to stir
overnight. The reaction mixture was quenched with NaHCO; (30 mL) and extracted with
dichloromethane (4 x 30 mL). The organic layers were combined, dried over sodium sulfate and
condensed in vacuo to give a white solid (2.13 g, 100%). '"H NMR (500 MHz, CDCls) 6 8.78 (t, J
= 5.3 Hz, 1H), 8.52 (ddd, /=5.0, 1.8, 1.0 Hz, 1H), 8.16 (d, /= 8.7 Hz, 1H), 7.60 (td, J="7.7, 1.8
Hz, 1H), 7.29 (m, 1H), 7.13 (m, 1H), 6.54 (dd, /= 8.8, 2.3 Hz, 1H), 6.44 (d, /=2.3 Hz, 1H), 4.74
(d, J=5.2 Hz, 2H), 3.91 (s, 3H), 3.79 (s, 3H). >*C NMR (126 MHz, CDCl3) 8 165.3, 163.5, 159.2,

157.7,149.2, 136.8, 133.9, 122.2, 122.1, 114.5, 105.3, 98.6, 56.0, 55.6, 45.3.
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2,6-Dimethoxy-N-[(pyridin-2-yl)methyl]benzamide (8g). To a 50 mL round-bottom flask was
added 2,6-dimethoxybenzoic acid (1.6 g, 8.8 mmol) in dichloromethane (50 mL) under argon.
Oxalyl chloride (800 pL, 9.2 mmol) and DMF (6 drops) were slowly added to the reaction mixture
over 30 minutes through a septum. The reaction mixture was allowed to stir at room temperature
for 3 h. The solvent was removed in vacuo and the crude material was collected and used in the
next step. The crude product was re-dissolved in dichloromethane (50 mL) and purged with argon.
2-Aminomethylpyridine (905 mg, 8.4 mmol) and triethylamine (970 pL, 10.1 mmol) were slowly

injected to the reaction mixture through a septum. The reaction mixture was allowed to stir



overnight. The reaction mixture was quenched with NaHCO; (30 mL) and extracted with
dichloromethane (4 x 30 mL). The organic layers were combined, dried over sodium sulfate and
condensed in vacuo to give a white solid (2.25 g, 98%). 'H NMR (500 MHz, CDCl3) 6 8.49 (m,
1H), 7.66 (td, J = 7.7, 1.8 Hz, 1H), 7.43 (dt,J = 7.9, 1.0 Hz, 1H), 7.29 — 7.23 (m, 1H), 7.18 - 7.13
(m, 1H), 6.86 (d, J= 6.1 Hz, 1H), 6.55 (d, J = 8.4 Hz, 2H), 4.78 (d, J = 5.4 Hz, 2H), 3.79 (s, 6H).
13C NMR (126 MHz, CDCl3) 6 166.1, 157.6, 157.1, 149.0, 136.8, 130.8, 122.3, 122.0, 115.8,

104.1, 56.0, 45.0.
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2,3,4-Trimethoxy-/NV-[(pyridin-2-yl)methyl]benzamide (8h). To a 50 mL round-bottom flask
was added 2,3,4-trimethoxybenzoic acid (1.6 g, 7.6 mmol) in dichloromethane (50 mL) under
argon. Oxalyl chloride (680 pL, 7.9 mmol) and DMF (4 drops) were slowly added to the reaction
mixture over 30 minutes through a septum. The reaction mixture was allowed to stir at room
temperature for 3 h. The solvent was removed in vacuo and the crude material was collected and
used in the next step. The crude product was re-dissolved in dichloromethane (50 mL) and purged
with argon. 2-Aminomethylpyridine (765 mg, 7.2 mmol) and triethylamine (1.2 mL, 8.7 mmol)
were slowly injected to the reaction mixture through a septum. The reaction mixture was allowed
to stir overnight. The reaction mixture was quenched with NaHCO; (30 mL) and extracted with
dichloromethane (4 x 30 mL). The organic layers were combined, dried over sodium sulfate and
condensed in vacuo to give a white solid (2.2 g, 99%). '"H NMR (500 MHz, CDCl3) 6 9.10 (t, J =
5.1 Hz, 1H), 8.59 (dd, /=4.9,0.9 Hz, 1H), 7.96 (d, J= 8.9 Hz, 1H), 7.67 (td, /= 7.6, 1.8 Hz, 1H),

7.34 (d, J=7.8 Hz, 1H), 7.22 — 7.16 (m, 1H), 6.79 (d, J = 9.0 Hz, 1H), 4.80 (d, J = 5.1 Hz, 2H),



4.02 (s, 3H), 3.91 (s, 3H), 3.88 (s, 3H). 13C NMR (126 MHz, CDCl3)  165.0, 157.3, 156.5, 152.9,

149.2, 141.9, 136.7, 126.8, 122.3, 122.0, 122.0, 118.9, 107.5, 61.8, 61.0, 56.1, 45.1.
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2,4,5-Trimethoxy-N-[(pyridin-2-yl)methyl|benzamide (8i). To a 50 mL round-bottom flask
was added 2,4,5-trimethoxybenzoic acid (1.2 g, 5.7 mmol) in dichloromethane (50 mL) under
argon. Oxalyl chloride (520 pL, 5.9 mmol) and DMF (6 drops) were slowly added to the reaction
mixture over 30 minutes through a septum. The reaction mixture was allowed to stir at room
temperature for 3 h. The solvent was removed in vacuo and the crude material was collected and
used in the next step. The crude product was re-dissolved in dichloromethane (50 mL) and purged
with argon. 2-Aminomethylpyridine (624 mg, 5.4 mmol) and triethylamine (900 pL, 6.5 mmol)
were slowly injected to the reaction mixture through a septum. The reaction mixture was allowed
to stir overnight. The reaction mixture was quenched with NaHCOj; (30 mL) and extracted with
dichloromethane (4 x 30 mL). The organic layers were combined, dried over sodium sulfate and
condensed in vacuo to give a white solid (1.4 g, 85%). 'H NMR (500 MHz, CDCl;) 6 8.98 (t,J =
5.2 Hz, 1H), 8.60 — 8.54 (m, 1H), 7.79 (s, 1H), 7.65 (td, J= 7.7, 1.8 Hz, 1H), 7.35 (dt,/=7.9, 1.0
Hz, 1H), 7.19 — 7.16 (m, 1H), 6.54 (s, 1H), 4.79 (d, J = 5.2 Hz, 2H), 3.98 (s, 3H), 3.93 (s, 3H),
3.90 (s, 3H). BC NMR (126 MHz, CDCls) 6 165.2, 157.5, 153.0, 152.4, 149.1, 143.1, 136.7, 122.2,

121.9, 114.0, 112.9, 96.6, 56.7, 56.2, 56.1, 45.3.
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3-Phenylimidazo[1,5-a]pyridine (9a). 2-Aminomethylpyridine (1.00 g, 9.24 mmol) was
combined with benzaldehyde (1.96 g, 18.5 mmol) and iodine (235 mg, 0.925 mmol) in DMF (35
mL) under argon. After stirring for 1 h, TBHP (70%, 1.89 mL, 13.9 mmol) was added through a
septum, and the resulting solution was stirred overnight at 80 °C. The crude mixture was quenched
with water (300 mL) and extracted with ethyl acetate (3 x 50 mL). The combined organic layers
were rinsed with LiCl (3 x 100 mL). The remaining organic solution was dried over Na,SO,,
condensed in vacuo, and purified via chromatography using a hexanes:ethyl acetate (1:1) eluent to
give a solid (1.26 g, 70%). '"H NMR (500 MHz, CDCl;) 6 8.26 (dd, J = 7.3, 1.1 Hz, 1H), 7.82 —
7.77 (m, 2H), 7.55 (d, J = 0.9 Hz, 1H), 7.54 — 7.50 (m, 2H), 7.48 (d, J = 9.1 Hz, 1H), 7.45 — 7.41
(m, 1H), 6.72 (ddd, J=9.1, 6.3, 0.9 Hz, 1H), 6.57 — 6.53 (m, 1H). *C NMR (126 MHz, CDCl;) 6

138.4,131.7, 130.5, 129.1, 128.7, 128.0, 121.5, 120.7, 118.9, 118.8, 113.1.

OMe
9b
3-(2-Methoxyphenyl)imidazo[1,5-a]pyridine (9b). 2-Aminomethylpyridine (1.00 g, 9.24
mmol) was combined with 2-methoxybenzaldehyde (2.52 g, 18.5 mmol) and iodine (235 mg,
0.925 mmol) in DMF (35 mL) under argon. After stirring for 1 h, TBHP (70%, 1.89 mL, 13.9
mmol) was added through a septum, and the resulting solution was stirred overnight at 80 °C. The
crude mixture was quenched with water (300 mL) and extracted with ethyl acetate (3 x 50 mL).
The combined organic layers were rinsed with LiCl (3 x 100 mL). The remaining organic solution
was dried over Na,SO,4, condensed in vacuo, and purified via chromatography using a
hexanes:ethyl acetate (1:1) eluent to give a solid (1.19 g, 36%). '"H NMR (500 MHz, CDCl;) &

7.62 —7.57 (m, 2H), 7.56 (s, 1H), 7.47 — 7.41 (m, 2H), 7.09 (td, J = 7.5, 0.9 Hz, 1H), 7.02 (d, J =
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8.0 Hz, 1H), 6.70 (dd, J=9.2, 6.3 Hz, 1H), 6.51 — 6.46 (m, 1H), 3.78 (s, 3H). 13C NMR (126 MHz,
CDCl3) 5 157.4, 136.3, 132.6, 131.3, 130.6, 123.3, 121.4, 120.3, 119.5, 118.5, 118.2, 111.9, 111.4,

111.1, 55.7.

9c OMe

3-(3-Methoxyphenyl)imidazo[1,5-a]pyridine (9¢). To a 50 mL round-bottom flask was
dropwise added POCI; (30.5 mL) to 3-methoxy-N-[(pyridin-2-yl)methyl]benzamide (1.85 g, 7.64
mmol). A condenser was applied and the reaction mixture was stirred at reflux for 3 h. The reaction
mixture was allowed to cool down to room temperature, then was quenched with 50% w/w NaOH
to the pH of 10 and extracted with dichloromethane (4 x 100 mL). The organic layers were
combined, dried over sodium sulfate and condensed in vacuo to give a brown solid (1.69 g, 99%).
'H NMR (500 MHz, CDCl5) 6 8.17 (dd, J= 7.3, 1.1 Hz, 1H), 7.51 (d, J= 1.0 Hz, 1H), 7.36 (d, J
=9.2 Hz, 1H), 7.34 — 7.29 (m, 3H), 6.91 — 6.88 (m, 1H), 6.58 (ddd, J=9.1, 6.3, 1.0 Hz, 1H), 6.43
—6.39 (m, 1H), 3.78 (s, 3H). 13C NMR (126 MHz, CDCl;) 6 160.1, 138.0, 131.7, 131.7, 129.9,

121.4,120.6,119.7, 118.8, 118.6, 114.5, 113.3, 113.0, 55.3.

9d
OMe

3-(4-Methoxyphenyl)imidazo[1,5-a]pyridine (9d). To a 50 mL round-bottom flask was
dropwise added POCI; (40.4 mL) to 4-methoxy-N-[(pyridin-2-yl)methyl]benzamide (2.44 g, 10.1
mmol). A condenser was applied and the reaction mixture was stirred at reflux for 3 h. The reaction
mixture was allowed to cool down to room temperature, then was quenched with 50% w/w NaOH
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to the pH of 10 and extracted with dichloromethane (4 x 100 mL). The organic layers were
combined, dried over sodium sulfate and condensed in vacuo to give a brown solid (2.20 g, 98%)).
'H NMR (500 MHz, CDCl3) 8 8.16 (dd, J=7.3, 1.1 Hz, 1H), 7.72 — 7.68 (m, 2H), 7.51 (d,J = 0.9
Hz, 1H), 7.44 (dt,J = 9.1, 1.3 Hz, 1H), 7.06 — 7.00 (m, 2H), 6.67 (ddd, J=9.1, 6.4, 1.0 Hz, 1H),

6.51 (m, 1H), 3.86 (s, 3H). 3C NMR (126 MHz, CDCls) 6 160.0, 138.4, 131.4, 129.5, 123.0, 121.5,

120.3,118.9, 118.5, 114.5, 112.9, 55.5.

OMe

9e
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3-(2,4-Dimethoxyphenyl)imidazo[1,5-a]pyridine (9¢). To a 50 mL round-bottom flask was
dropwise added POCIl; (31.3 mL) to 2,4-dimethoxy-N-[(pyridin-2-yl)methyl]benzamide (2.13 g,
7.8 mmol). A condenser was applied and the reaction mixture was stirred at reflux for 3 h. The
reaction mixture was allowed to cool down to room temperature, then was quenched with 50%
w/w NaOH to the pH of 10 and extracted with dichloromethane (4 x 100 mL). The organic layers
were combined, dried over sodium sulfate and condensed in vacuo to give a brown solid (1.7 g,
85%). '"H NMR (500 MHz, CDCls) 6 7.87 — 7.82 (m, 1H), 7.79 (dd, J = 7.3, 1.1 Hz, 1H), 7.67 (d,
J=9.4Hz, 1H), 7.63 (d,J = 8.6 Hz, 1H), 7.13 (ddd, /= 9.3, 6.6, 0.9 Hz, 1H), 6.97 — 6.93 (m, 1H),
6.71 (dd, J = 8.6, 2.3 Hz, 1H), 6.60 (d, J = 2.3 Hz, 1H), 3.87 (s, 3H), 3.83 (s, 3H). 3*C NMR (126
MHz, CDCls) 6 164.8, 158.9, 133.6, 133.0, 129.8, 123.6, 123.5, 119.2, 116.9, 111.0, 106.5, 103.2,

99.4, 56.1, 55.9.
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3-(2,5-Dimethoxyphenyl)imidazo[1,5-a]pyridine (9f). 2-Aminomethylpyridine (1.00 g, 9.24
mmol) was combined with 2,5-dimethoxybenzaldehyde (3.07 g, 18.5 mmol) and iodine (235 mg,
0.925 mmol) in DMF (35 mL) under argon. After stirring for 1 h, TBHP (70%, 1.89 mL, 13.86
mmol) was added through a septum, and the resulting solution was stirred overnight at 80 °C. The
crude mixture was quenched with water (300 mL) and extracted with ethyl acetate (3 x 50 mL).
The combined organic layers were rinsed with LiCl (3 x 100 mL). The remaining organic solution
was dried over Na,SO,, condensed in vacuo, and purified via chromatography using a
hexanes:ethyl acetate (1:1) eluent to give a solid (1.23 g, 54%). '"H NMR (500 MHz, CDCI;)
7.65 —7.62 (m, 1H), 7.56 (s, 1H), 7.47 (d, J = 9.1 Hz, 1H), 7.17 (d, J = 2.9 Hz, 1H), 6.99 — 6.92
(m, 2H), 6.73 (dd, J = 9.2, 6.3 Hz, 1H), 6.53 — 6.49 (m, 1H), 3.81 (s, 3H), 3.73 (s, 3H). 3C NMR
(126 MHz, CDCls) 6 154.0, 151.6, 136.2, 131.5, 123.4, 120.3, 120.1, 118.7, 118.2, 116.8, 116.8,

112.9,111.9, 56.3, 56.0.

OMe
MeO

99
3-(2,6-Dimethoxyphenyl)imidazo[1,5-a]pyridine (9g). To a 50 mL round-bottom flask was
dropwise added POCI; (32.0 mL) to 2,6-dimethoxy-N-[(pyridin-2-yl)methyl]benzamide (2.25 g,
8.3 mmol). A condenser was applied and the reaction mixture was stirred at reflux for 3 h. The

reaction mixture was allowed to cool down to room temperature, then was quenched with 50%

13



w/w NaOH to the pH of 10 and extracted with dichloromethane (4 x 100 mL). The organic layers
were combined, dried over sodium sulfate and condensed in vacuo to give a brown solid (1.85 g,
88%). '"H NMR (500 MHz, CDCl3) 6 7.60 (d, J = 1.0 Hz, 1H), 7.47 — 7.35 (m, 3H), 6.70 — 6.62
(m, 3H), 6.46 — 6.39 (m, 1H), 3.71 (s, 6H). 3C NMR (126 MHz, CDCls) 4 159.9, 132.2, 131.5,

130.7,122.5,119.9, 1184, 111.7, 107.4, 104.1, 56.0.

N
N7
OMe
OMe
9h
OMe

3-(2,3,4-Trimethoxyphenyl)imidazo[1,5-a|pyridine (9h). To a 250 mL round-bottom flask was
dropwise added POCI; (30 mL) to 2,3,4-trimethoxy-N-[(pyridin-2-yl)methyl]benzamide (2.2 g,
7.2 mmol). A condenser was applied, and the reaction mixture was stirred at reflux for 3 h. The
reaction mixture was allowed to cool down to room temperature, then was quenched with 50%
w/w NaOH to the pH of 10 and extracted with dichloromethane (4 x 50 mL). The organic layers
were combined, dried over sodium sulfate and condensed in vacuo to give a brown solid (2.1 g,
99%). 'H NMR (500 MHz, CDCl3) 8 7.72 (dd, J=17.3, 1.1 Hz, 1H), 7.54 (d, J= 1.0 Hz, 1H), 7.45
(d, J=9.1 Hz, 1H), 7.30 (d, J= 8.7 Hz, 1H), 6.82 (d, /= 8.7 Hz, 1H), 6.70 (ddd, J=9.2, 6.3, 1.0
Hz, 1H), 6.51 — 6.47 (m, 1H), 3.96 (s, 3H), 3.91 (s, 3H), 3.54 (s, 3H). 3C NMR (126 MHz, CDCl3)

0 154.5,152.1, 142.2, 135.7, 131.1, 126.6, 122.9, 120.0, 118.6, 117.9, 117.1, 111.9, 108.0, 61.0,

55.9, 53.9.
N
N7
OMe
MeO OMe
9i
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3-(2,4,5-Trimethoxyphenyl)imidazo[1,5-a]pyridine (9i). To a 50 mL round-bottom flask was
dropwise added POCI; (18.5 mL) to 2,4,5-trimethoxy-N-[(pyridin-2-yl)methyl]benzamide (1.38 g,
4.6 mmol). A condenser was applied and the reaction mixture was stirred at reflux for 3 h. The
reaction mixture was allowed to cool down to room temperature, then was quenched with 50%
w/w NaOH to the pH of 10 and extracted with dichloromethane (4 x 50 mL). The organic layers
were combined, dried over sodium sulfate and condensed in vacuo to give a brown solid (940 mg,
70%). '"H NMR (500 MHz, CDCly) 6 7.53 (d, J = 7.2 Hz, 1H), 7.46 (s, 1H), 7.35 (t,J = 9.7 Hz,
1H), 7.06 (s, 1H), 6.61 (dd, J = 9.1 Hz, 1H), 6.56 (s, 1H), 6.41 (t,J = 6.7 Hz, 1H), 3.87 (s, 3H),
3.80 (s, 3H), 3.65 (s, 3H). 3C NMR (125 MHz, CDCl3) 6 151.8, 150.8, 143.5, 136.2, 131.2, 123.3,

119.9,118.5,118.1, 115.1, 111.7, 110.8, 97.8, 56.5, 56.5, 56.2.

= N= N
N7
OMe
MeO OMe
9j

3-(3,4,5-Trimethoxyphenyl)imidazo[1,5-a]pyridine (9j). To a 25 mL reaction vial was added
3.4,5-trimethoxybenzaldehyde (1.8 g, 9.2 mmol) to DMF (15 mL). The reaction mixture was
purged with argon. 2-Aminomethylpyridine (495 mg, 4.6 mmol), I, (117 mg, 0.46 mmol) and 70%
w/w TBHP (667 uL, 6.9 mmol) were added. The reaction mixture was capped and stirred at 80 °C
overnight. The reaction mixture was extracted with ethyl acetate (3 x 30 mL) and the combined
organic layers were washed with 5% w/v LiCl solution (3 x 50 mL). The organic layer was dried
over sodium sulfate and condensed in vacuo. Column chromatography was performed using
hexanes:ethyl acetate (1:1) eluent to give a brown solid (535 mg, 41%). 'H NMR (500 MHz,

CDCl3) 6 8.26 (dd, J= 7.1, 1.2 Hz, 1H), 7.50 (s, 1H), 7.43 (dt, J= 9.2, 1.3 Hz, 1H), 6.9 (s, 2H),
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6.69 — 6.63 (m, 1H), 6.54 — 6.51 (m, 1H), 3.91 (s, 3H), 3.88 (s, 6H). '*C NMR (125 MHz, CDCl;)
5 153.5, 138.4,137.9, 131.5, 125.7, 121.2, 120.2, 118.6, 113.1, 105.1, 60.7, 56.1, 55.9.

//N
N\ 7

10a

1-Iodo-3-phenylimidazo[1,5-a]pyridine (10a). To a 50 mL round-bottom flask was dissolved 3-
phenylimidazo[1,5-a]pyridine (600 mg, 3.08 mmol) in acetonitrile (15 mL). The reaction mixture
was purged with argon. NIS (904 mg, 4.02 mmol) was added. The reaction mixture was capped
and stirred at room temperature for 3 h. The reaction mixture was quenched with saturated sodium
thiosulfate solution (20 mL) and extracted with dichloromethane (4 x 20 mL). The organic layers
were combined, dried over sodium sulfate and condensed in vacuo to give a green solid (951 mg,
96%). 'H NMR (500 MHz, CDCl) & 8.13 (dt, J= 7.3, 1.1 Hz, 1H), 7.72 — 7.65 (m, 2H), 7.47 —
7.41 (m, 2H), 7.40 — 7.34 (m, 1H), 7.27 (dt, J=9.2, 1.2 Hz, 1H), 6.71 (ddd, J=9.2, 6.4, 1.0 Hz,
1H), 6.54 — 6.50 (m, 1H). 13C NMR (126 MHz, CDCl;) 6 140.5, 133.5, 129.4, 129.2, 129.1, 128.0,

121.9, 120.4, 119.0, 114.1, 74.2.

OMe

10b
1-Iodo-3-(2-methoxyphenyl)imidazo|[1,5-a]pyridine (10a). To a 50 mL round-bottom flask was
dissolved 3-(2-methoxyphenyl)imidazo[1,5-a]pyridine (600 mg, 2.67 mmol) in acetonitrile (15
mL). The reaction mixture was purged with argon. NIS (743 mg, 3.48 mmol) was added. The

reaction mixture was capped and stirred at room temperature for 3 h. The reaction mixture was
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quenched with saturated sodium thiosulfate solution (20 mL) and extracted with dichloromethane
(4 x 20 mL). The organic layers were combined, dried over sodium sulfate and condensed in vacuo
to give a green solid (926 mg, 99%). 'H NMR (500 MHz, CDCl;) 6 7.60 (dd, J= 7.6, 1.8 Hz, 1H),
7.58 (d,J=7.2 Hz, 1H), 7.49 — 7.43 (m, 1H), 7.35 (d, J = 9.2 Hz, 1H), 7.09 (t, J = 7.3 Hz, 1H),
7.02 (d, J = 8.2 Hz, 1H), 6.81 (dd, J = 9.1, 6.1 Hz, 1H), 6.56 (t, J = 6.3 Hz, 1H), 3.80 (s, 3H). 1°C
NMR (126 MHz, CDCly) 6 177.2, 157.2, 138.6, 133.3, 132.9, 131.3, 123.9, 121.5, 120.2, 118.6,

112.8,111.6, 73.2, 55.5.

10¢ OMe

1-Iodo- 3-(3-methoxyphenyl)imidazo[1,5-a]pyridine (10¢). To a 50 mL round-bottom flask was
dissolved 3-(3-methoxyphenyl)imidazo[1,5-a]pyridine (762 mg, 3.39 mmol) in acetonitrile (20
mL). The reaction mixture was purged with argon. NIS (1.03 g, 4.06 mmol) was added. The
reaction mixture was capped and stirred at room temperature for 3 h. The reaction mixture was
quenched with saturated sodium thiosulfate solution (20 mL) and extracted with dichloromethane
(4 x 20 mL). The organic layers were combined, dried over sodium sulfate and condensed in vacuo
to give a green solid (968 mg, 82%). '"H NMR (500 MHz, CDCls) & 8.20 (dt, /= 7.3, 1.0 Hz, 1H),
7.40 —7.35 (m, 1H), 7.32 - 7.28 (m, 3H), 6.95 (ddd, /=8.3,2.4, 1.2 Hz, 1H), 6.77 — 6.72 (m, 1H),
6.59 —6.53 (m, 1H), 3.84 (s, 3H). 3C NMR (126 MHz, CDCl;) 4 160.1, 140.4, 133.5, 130.6, 130.1,

122.1, 120.4, 120.0, 119.0, 115.2, 114.1, 113.5, 74.2, 55.6.
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10d
OMe

1-Iodo-3-(4-methoxyphenyl)imidazo[1,5-a]pyridine (10d). To a 50 mL round-bottom flask was
dissolved 3-(4-methoxyphenyl)imidazo[1,5-a]pyridine (730 mg, 3.26 mmol) in acetonitrile (20
mL). The reaction mixture was purged with argon. NIS (953 g, 4.24 mmol) was added. The
reaction mixture was capped and stirred at room temperature for 3 h. The reaction mixture was
quenched with saturated sodium thiosulfate solution (20 mL) and extracted with dichloromethane
(4 x 20 mL). The organic layers were combined, dried over sodium sulfate and condensed in vacuo
to give a green solid (826 mg, 72%). 'H NMR (500 MHz, CDCls) 6 8.07 (dt,J=7.2, 1.1 Hz, 1H),
7.70 —7.51 (m, 2H), 7.25 (dt, J=9.2, 1.2 Hz, 1H), 6.99 — 6.92 (m, 2H), 6.77 — 6.64 (m, 1H), 6.51
(ddd, J=17.4, 6.4, 1.2 Hz, 1H), 3.81 (s, 3H). 3C NMR (126 MHz, CDCls) § 159.9, 138.3, 131.3,

129.4,123.0,121.4,120.3, 118.8, 118.5, 114.4, 112.9, 55.4.

OMe

10e
OMe

3-(2,4-Dimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (10e). To a 50 mL round-bottom flask
was dissolved 3-(2,4-dimethoxyphenyl)imidazo[ 1,5-a]pyridine (480 mg, 1.9 mmol) in acetonitrile
(15 mL). The reaction mixture was purged with argon. NIS (553 mg, 2.5 mmol) was added. The
reaction mixture was capped and stirred at room temperature for 3 h. The reaction mixture was

quenched with saturated sodium thiosulfate solution (20 mL) and extracted with dichloromethane
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(4 x 20 mL). The organic layers were combined, dried over sodium sulfate and condensed in vacuo
to give a green-brown oil (712 mg, 99%). 'H NMR (500 MHz, CDCl;) 6 7.50 (d, J = 7.0 Hz, 1H),
7.44 (d,J =7.0 Hz, 1H), 7.25 (d,J = 7.0 Hz, 1H), 6.73 — 6.71 (m, 1H), 6.57 (dd, J = 8.5 Hz, 1H),
6.52 (d, J = 2.3 Hz, 1H), 6.47 (dd, J = 10.0 Hz, 1H), 3.80 (s, 3H), 3.70 (s, 3H). 13C NMR (125
MHz CDCl,) 6 162.4, 158.4, 138.6, 133.5 133.1, 123.7, 120.0, 118.3, 112.6, 111.1, 105.4, 98.7,

72.8,55.7, 55.6.

OMe

10f
MeO

3-(2,5-Dimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (10f). To a 50 mL round-bottom flask
was dissolved 3-(2,5-dimethoxyphenyl)imidazo[1,5-a]pyridine (897 mg, 3.53 mmol) in
acetonitrile (20 mL). The reaction mixture was purged with argon. NIS (1.03 mg, 4.59 mmol) was
added. The reaction mixture was capped and stirred at room temperature for 3 h. The reaction
mixture was quenched with saturated sodium thiosulfate solution (20 mL) and extracted with
dichloromethane (4 x 20 mL). The organic layers were combined, dried over sodium sulfate and
condensed in vacuo, and purified with chromatography using a hexanes:ethyl acetate (3:1) eluent
to give a yellow crystals (667 mg, 50%). 'H NMR (500 MHz, CDCl;) 8 7.58 (d, J = 7.0 Hz, 1H),
7.33(dd,J=9.2,1.0 Hz, 1H), 7.14 (d, J = 3.0 Hz, 1H), 6.99 (dd, J = 9.1, 3.0 Hz, 1H), 6.94 (d, J
=9.0 Hz, 1H), 6.79 (ddd, /=9.2, 6.3, 0.8 Hz, 1H), 6.58 — 6.52 (m, 1H), 3.79 (s, 3H), 3.71 (s, 3H).
13C NMR (126 MHz, CDCl3) 6 153.9, 151.4, 138.4, 133.4, 124.0, 120.2, 118.9, 118.4, 117.3,

117.0, 112.8, 73.2, 56.3, 56.0.
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OMe
MeO

10g
3-(2,6-Dimethoxyphenyl)-1-iodoimidazo|[1,5-a]pyridine (10g). To a 50 mL round-bottom flask
was dissolved 3-(2,6-dimethoxyphenyl)imidazo[1,5-a]pyridine (600 mg, 2.4 mmol) in acetonitrile
(15 mL). The reaction mixture was purged with argon. NIS (640 mg, 2.8 mmol) was added. The
reaction mixture was capped and stirred at room temperature for 3 h. The reaction mixture was
quenched with saturated sodium thiosulfate solution (20 mL) and extracted with dichloromethane
(4 x 20 mL). The organic layers were combined, dried over sodium sulfate and condensed in vacuo
to give a green solid (840 mg, 94%). 'H NMR (500 MHz, CDCls) 6 7.32 — 7.24 (m, 2H), 7.17 (d,
J=9.2Hz, 1H), 6.60 (dt,J = 10.0 Hz, 1H), 6.51 (d, J = 8.5 Hz, 2H), 6.35 (t,J = 6.6 Hz, 1H), 3.54
(s, 6H). 3C NMR (125 MHz, CDCl3) 8 159.7, 134.3, 132.7, 132.1, 122.8, 120.0, 118.2, 112.7,

106.1, 104.0, 72.4, 56.0.

N
N7
OMe
OMe
10h OMe

3-(2,3,4-Trimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (10h). To a 250 mL round-bottom
flask was dissolved 3-(2,3,4-trimethoxyphenyl)imidazo[1,5-a]pyridine (606 mg, 2.13 mmol) in
acetonitrile (10 mL). The reaction mixture was purged with argon. NIS (650 mg, 2.56 mmol) was
added. The reaction mixture was capped and stirred at room temperature for 3 h. The reaction

mixture was quenched with saturated sodium thiosulfate solution (20 mL) and extracted with
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dichloromethane (3 x 30 mL). The organic layers were combined, dried over sodium sulfate and
condensed in vacuo to give a green solid (831 mg, 95%). 'H NMR (500 MHz, CDCl;) 8 7.70 (d,
J=17.1Hz, 1H), 7.35 - 7.27 (m, 2H), 6.81 (dd, J=9.1, 5.7 Hz, 2H), 6.57 (t, J= 6.7 Hz, 1H), 3.95
(s, 3H), 3.93 (s, 3H), 3.57 (s, 3H). 13C NMR (126 MHz, CDCls) 6 155.0, 151.8, 141.9, 138.0,

133.0, 126.9, 123.6, 120.2, 118.1, 115.9, 112.8, 107.9, 72.8, 61.4, 61.2, 56.1.

= N=— N
N7
OMe
Me(? OMe
10i

3-(2,4,5-Trimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (10i). To a 50 mL round-bottom
flask was dissolved 3-(2,4,5-trimethoxyphenyl)imidazo[1,5-a]pyridine (780 mg, 3.0 mmol) in
THF (25 mL). The reaction mixture was purged with argon. Iodine (2.3 g, 9.0 mmol) was added.
The reaction mixture was capped and stirred over reflux for 3 h. The reaction mixture was
quenched with saturated sodium thiosulfate solution (30 mL) and extracted with dichloromethane
(4 x 30 mL). The organic layers were combined, dried over sodium sulfate and condensed in vacuo.
Column chromatography was performed using dichloromethane:acetone (96:4) eluent to give a
yellow oil (790 mg, 64%). '"H NMR (500 MHz, CDCls) § 7.54 (d, J = 6.9 Hz, 1H), 7.28 (d, J =
9.0 Hz, 1H), 7.08 (s, 1H), 6.75 (t, J = 6.5 Hz, 1H), 6.58 (s, 1H), 6.51 (t, J = 6.5 Hz, 1H), 3.92 (s,
3H), 3.83 (s, 3H), 3.69 (s, 3H). 3C NMR (125 MHz, CDCl;) 8 151.7, 151.2, 143.5, 138.5, 133.1,

123.7,120.7, 118.7, 115.7, 114.6, 113.24, 112.1, 109.6, 97.9, 72.8, 56.4, 56.3, 56.2.
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N
N7
OMe
MeO OMe
10j

3-(3,4,5-Trimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (10j). To a 50 mL round-bottom
flask was dissolved 3-(3,4,5-trimethoxyphenyl)imidazo[ 1,5-a]pyridine (1.45 g, 4.9 mmol) in THF
(25 mL). The reaction mixture was purged with argon. Iodine (3.8 g, 14.8 mmol) was added. The
reaction mixture was capped and stirred over reflux for 3 h. The reaction mixture was quenched
with saturated sodium thiosulfate solution (30 mL) and extracted with dichloromethane (4 x 30
mL). The organic layers were combined, dried over sodium sulfate and condensed in vacuo.
Column chromatography was performed using hexanes:ethyl acetate (1:1) eluent to give a green
solid (1.05 g, 50%). '"H NMR (500 MHz, CDCl;) 6 8.06 (d, J = 7.1 Hz, 1H), 7.11 (d, J = 9.1 Hz,
1H), 6.78 (s, 2H), 6.59 (td, J = 6.7 Hz, 1H), 6.43 (t, J = 6.7 Hz, 1H), 3.74 (s, 9H). 13C NMR (125
MHz, CDCl;) 6 153.6, 140.2, 138.8, 133.3, 124.7, 121.9, 120.3, 118.8, 114.1, 105.4, 73.9, 60.9,

56.4.

PCy2
Z—
N7

1-(Dicyclohexylphosphino)-3-phenylimidazo[1,5-a]pyridine (4a). To a 20 mL brown vial, 1-
iodo-3-phenylimidazo[ 1,5-a]pyridine (300 mg, 0.937 mmol) was dissolved in 1,4-dioxane (5 mL).

The reaction was purged with argon. To the solution was added Cs,CO; (363 mg, 1.12 mmol),
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DIPPF (10.0 mg, 0.023 mmol) and Pd(OAc);, (5.00 mg, 0.019 mmol). The solution was capped
and stirred at room temperature for 2 h. Dicyclohexylphosphine (205 mg, 185 pL, 0.937 mmol)
was added to the solution; the solution was again purged with argon and then capped. The solution
was allowed to stir overnight at 80 °C for 12 h. The crude reaction mixture was filtered over Celite
and rinsed with ethyl acetate (3 x 10 mL). The mixture was further purified by column
chromatography using a hexanes:ethyl acetate (5:1) eluent to give a solid (250 mg, 68%). '"H NMR
(500 MHz, CDCl;) & 8.18 (dd, J= 7.2, 1.1 Hz, 1H), 7.78 — 7.72 (m, 4H), 7.52 (t, /= 7.6 Hz, 2H),
7.45 —7.40 (m, 1H), 6.75 — 6.71 (m, 1H), 6.57 — 6.52 (m, 1H), 2.29 — 2.22 (m, 2H), 1.96 — 1.59
(m, 12H), 1.38 — 1.08 (m, 8H). 3C NMR (126 MHz, CDCl;) 8 140.0, 139.3, 139.0, 130.6, 129.1,
128.7, 126.3, 121.7, 119.5, 119.3, 113.1, 33.0, 30.8, 29.6, 27.3, 27.1, 26.7.3'P NMR (202 MHz,

CDCl3) § -25.8.

PPh,
= /N
N7

4b

1-(Diphenyllphosphino)-3-phenylimidazo[1,5-a]pyridine (4b). To a 20 mL brown vial, 1-iodo-
3-phenylimidazo[1,5-a]pyridine (220 mg, 0.687 mmol) was dissolved in 1,4-dioxane (4 mL). The
reaction was purged with argon. To the solution was added Cs,COs5 (226 mg, 0.825 mmol), DIPPF
(7.00 mg, 0.017 mmol) and Pd(OAc); (3.00 mg, 0.014 mmol). The solution was capped and stirred
at room temperature for 2 h. Diphenylphosphine (128 mg, 119uL, 0.687 mmol) was added to the
solution; the solution was again purged with argon and then capped. The solution was allowed to
stir overnight at 80 °C for 12 h. The crude reaction mixture was filtered over Celite and rinsed with
ethyl acetate (3 x 10 mL portions). The mixture was further purified by column chromatography

using a hexanes:ethyl acetate (2:1) eluent to give a solid (100 mg, 38%). 'H NMR (500 MHz,
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CDCl3) 6 8.26 (dd, J = 7.4, 0.9 Hz, 1H), 7.78 (dt, J = 3.1, 1.9 Hz, 2H), 7.61 — 7.57 (m, 4H), 7.52
—7.41 (m, SH), 7.31 — 7.28 (m, SH), 6.75 — 6.70 (m, 1H), 6.60 — 6.56 (m, 1H). 3C NMR (126
MHz, CDCl3) § 140.8, 140.7, 138.2, 138.1, 138.0, 138.0, 133.7, 133.6, 133.5, 133.4, 130.1, 129.1,
128.9, 128.6, 128.5, 128.2, 128.2, 126.2, 122.3, 122.0, 120.5, 120.38, 119.3, 119.2, 119.1, 119.0,

113.4.3'P NMR (202 MHz, CDCl;) 6 -31.3.

1-(Dicyclohexylphosphino)-3-(2-methoxyphenyl)imidazo[1,5-a]pyridine (4c). To a 20 mL
brown vial, 1-iodo-3-(2-methoxyphenyl)imidazo[1,5-a]pyridine (200 mg, 0.571 mmol) was
dissolved in 1,4-dioxane (4 mL). The reaction was purged with argon. To the solution was added
Cs,CO;5 (221 mg, 0.685 mmol), DIPPF (6.0 mg, 0.014 mmol) and Pd(OAc), (2.5 mg, 0.011
mmol).The solution was capped and stirred at room temperature for 2 h. Dicyclohexylphosphine
(113 mg, 0.571 mmol) was added to the solution; the solution was again purged with argon and
then capped. The solution was allowed to stir overnight at 80 °C for 12 h. The crude reaction
mixture was filtered over Celite and rinsed with ethyl acetate (3 x 10 mL portions). The mixture
was further purified by column chromatography using a hexanes:ethyl acetate (8:1) eluent to give
a yellow solid (170 mg, 78%). 'H NMR (500 MHz, CDCl;) & 7.74 (d, J = 9.1 Hz, 1H), 7.58 —
7.50 (m, 2H), 7.46 — 7.39 (m, 1H), 7.08 (td, J = 7.5, 0.7 Hz, 1H), 7.02 (d, J = 8.5 Hz, 1H), 6.72
(dd, J = 8.9, 6.5 Hz, 1H), 6.48 (t,J = 6.7 Hz, 1H), 3.78 (d, J = 8.6 Hz, 3H), 2.26 (t, J = 10.0 Hz,
2H), 1.73 (d, J = 12.9 Hz, 2H), 1.63 (dd, J = 22.5, 11.1 Hz, 6H), 1.38 — 1.06 (m, 12H). '*C NMR
(126 MHz, CDCls) 6 157.6, 139.1, 138.8, 138.1, 133.0, 130.8, 123.3, 121.3, 119.7, 119.0, 118.9,

111.9,111.6, 55.7, 33.0, 30.8, 29.6, 27.3, 27.0, 26.7. 3'P NMR (202 MHz, CDCl;) 8 -25.9.
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PPh,

= /N
N
OMe

4d

1-(Diphenylphosphino)-3-(2-methoxyphenyl)imidazo[1,5-a|pyridine (4d). To a 20 mL brown
vial, 1-iodo-3-(2-methoxyphenyl)imidazo[1,5-a]pyridine (200 mg, 0.571 mmol) was dissolved in
1,4-dioxane (4 mL). The reaction was purged with argon. To the solution was added Cs,CO5 (221.1
mg, 0.685 mmol), DIPPF (6.00 mg, 0.014 mmol) and Pd(OAc), (2.5 mg, 0.011 mmol).The
solution was capped and stirred at room temperature for 2 h. Diphenylphosphine (106 mg, 0.571
mmol) was added to the solution; the solution was again purged with argon and then capped. The
solution was allowed to stir overnight at 80 °C for 12 h. The crude reaction mixture was filtered
over Celite and rinsed with ethyl acetate (3 x 10 mL portions). The mixture was further purified
by column chromatography using a hexanes:ethyl acetate (2:1) eluent to give a yellow solid (140
mg, 62%). '"HNMR (500 MHz, CDCl;) 6 7.63 (dd, /= 7.2, 1.1 Hz, 1H), 7.62 — 7.57 (m, 4H), 7.49
—7.41 (m, 3H), 7.32 — 7.24 (m, 6H), 7.10 — 7.06 (m, 1H), 7.02 (dd, J = 8.4, 1.0 Hz, 1H), 6.77 —
6.73 (m, 1H), 6.56 — 6.52 (m, 1H), 3.80 (s, 3H). *C NMR (126 MHz, CDCl;) 6 157.4, 139.1,
138.4, 138.2, 137.9, 133.7, 133.5, 133.2, 131.9, 131.0, 128.2, 123.9, 121.3, 120.2, 119.3, 118.6,

112.1, 111.3, 55.6. 3'P NMR (202 MHz, CDCl;) 6 -31.3.

PCy2

//N
N7

4e OMe

1-(Dicyclohexylphosphino)-3-(3-methoxyphenyl)imidazo[1,5-a]|pyridine (4e). To a 25 mL
reaction vial was added 1-i0do-3-(3-methoxyphenyl)imidazo[ 1,5-a]pyridine (380 mg, 1.09 mmol),
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Cs,CO;5 (421 mg, 1.302 mmol), DIPPF (11.3 mg, 0.027 mmol), and Pd(OAc), (4.9 mg, 0.0217
mmol) in 1,4-dioxane (5 mL) was purged with argon. The reaction vial was capped and stirred at
room temperature for 2 h. The reaction was purged with argon for 5 minutes then added
dicyclohexylphosphine (220 pL, 1.085 mmol) and capped. The reaction was stirred overnight at
80 °C. The reaction mixture was filtered over Celite and transferred using ethyl acetate. The filtrate
was condensed in vacuo. Column chromatography was performed using hexanes:ethyl acetate
(4:1) eluent to give a yellow solid (263 mg, 58%). 'H NMR (500 MHz, CDCl5)  8.20 (dd, J=17.2,
1.3 Hz, 1H), 7.76 (dd, J=9.2, 1.4 Hz, 1H), 7.42 (t,J= 7.9 Hz, 1H), 7.34 (dt,J= 7.6, 1.3 Hz, 1H),
7.30 (s, 1H), 6.99 — 6.95 (m, 1H), 6.73 (dd, J=9.2, 6.3 Hz, 1H), 6.56 — 6.51 (m, 1H), 3.85 (s, 3H),
2.31 —2.23 (m, 2H), 1.96 — 1.58 (m, 12H), 1.38 — 1.07 (m, 8H). *C NMR (126 MHz, CDCl;) 4
160.1, 139.8, 139.3, 131.9, 130.1, 126.3, 121.8, 120.8, 119.4, 119.3, 114.5, 114.3, 113.1, 55.5,

33.0, 30.8, 29.6,27.3,27.1, 26.7. 3'P NMR (202 MHz, CDCl;) § -25.8.

PPh,

//N
N7

af OMe

1-(Diphenylphosphino)-3-(3-methoxyphenyl)imidazo[1,5-a]|pyridine (4f). To a 25 mL
reaction vial was added 1-iodo-3-(3-methoxyphenyl)imidazo[ 1,5-a]pyridine (380 mg, 1.09 mmol),
Cs,CO;5 (421 mg, 1.302 mmol), DIPPF (11.3 mg, 0.027 mmol), and Pd(OAc), (4.9 mg, 0.022
mmol) in 1,4-dioxane (5 mL) was purged with argon. The reaction vial was capped and stirred at
room temperature for 2 h. The reaction was purged with argon for 5 minutes then added
dicyclohexylphosphine (189 uL, 1.085 mmol) and capped. The reaction was stirred overnight at
80 °C. The reaction mixture was filtered over Celite and transferred using ethyl acetate. The filtrate
was condensed in vacuo. Column chromatography was performed using hexanes:ethyl acetate
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(4:1) eluent to give a yellow solid (150 mg, 33%). 'H NMR (500 MHz, CDCl5) 6 8.28 (dd, J=17.2,
1.1 Hz, 1H), 7.61 — 7.55 (m, 4H), 7.45 — 7.42 (m, 1H), 7.41 — 7.39 (m, 1H), 7.36 (m, 1H), 7.33 (dt,
J=25,1.3Hz, 1H), 7.32 — 7.28 (m, 6H), 6.99 — 6.96 (m, 1H), 6.74 — 6.70 (m, 1H), 6.61 — 6.55
(m, 1H), 3.86 (s, 3H). *C NMR (126 MHz, CDCl;) 6 160.1, 140.6, 140.5, 138.2, 138.0, 138.0,
137.9, 133.6, 133.5, 131.4, 130.0, 128.3, 128.3, 126.2, 122.3, 120.6, 120.5, 119.1, 119.1, 114.8,

114.2, 113.4,55.5. 3'P NMR (202 MHz, CDCl;) 6 -30.9.

PCy2
N — N
N

4 OMe
1-(Dicyclohexylphosphino)-3-(4-methoxyphenyl)imidazo[1,5-a]|pyridine (4g). To a 25 mL
reaction vial was added 1-iodo-3-(4-methoxyphenyl)imidazo[1,5-a]pyridine (241 mg, 0.691
mmol), Cs,CO3 (268 mg, 0.829 mmol), DIPPF (7.2 mg, 0.017 mmol), and Pd(OAc), (3.1 mg,
0.014 mmol) in 1,4-dioxane (4 mL) was purged with argon. The reaction vial was capped and
stirred at room temperature for 2 h. The reaction was purged with argon for 5 minutes then added
dicyclohexylphosphine 0.5M (1.52 mL, 0.8 mmol) and capped. The reaction was stirred overnight
at 80 °C. The reaction mixture was filtered over Celite and transferred using ethyl acetate. The
filtrate was condensed in vacuo. Column chromatography was performed using hexanes:ethyl
acetate (4:1) eluent to give a yellow solid (128 mg, 44%). '"H NMR (500 MHz, CDCls) & 8.08 (dd,
J=172,1.1 Hz, 1H), 7.71 (dd, J=9.2, 1.3 Hz, 1H), 7.66 (d, J = 8.8 Hz, 2H), 7.02 (d, J = 8.8 Hz,
2H), 6.69 — 6.66 (m, 1H), 6.50 — 6.47 (m, 1H), 3.84 (s, 3H), 2.27 — 2.20 (m, 2H), 1.96 — 1.54 (m,

12H), 1.36 — 1.05 (m, 8H). 3C NMR (126 MHz, CDCl3) 6 160.0, 139.9, 139.1, 130.1, 125.7,123.1,
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121.7, 119.4, 119.0, 114.5, 112.8, 55.5, 33.0, 30.8, 29.6, 27.3, 27.1, 26.7. 3'P NMR (202 MHz,

CDCl;) & -25.9.

4h OMe

1-(Diphenylphosphino)-3-(4-methoxyphenyl)imidazo[1,5-a]|pyridine (4h). To a 25 mL
reaction vial was added 1-i0odo-3-(4-methoxyphenyl)imidazo[1,5-a]pyridine (280 mg, 0.8 mmol),
Cs,COs3 (311 mg, 0.96 mmol), DIPPF (8.4 mg, 0.02 mmol), and Pd(OAc), (10 mg, 0.02 mmol) in
1,4-dioxane (3 mL) was purged with argon. The reaction vial was capped and stirred at room
temperature for 2 h. The reaction was purged with argon for 5 minutes then added
diphenylphosphine (140 pL, 0.8 mmol) and capped. The reaction was stirred overnight at 80 °C.
The reaction mixture was filtered over Celite and transferred using ethyl acetate. The filtrate was
condensed in vacuo. Column chromatography was performed using hexanes:ethyl acetate (7:3)
eluent to give a yellow solid (211 mg, 65%). '"H NMR (500 MHz, CDCl;) 6 8.12 (dd, J=7.2, 1.1
Hz, 1H), 7.66 (d, J = 8.8 Hz, 2H), 7.58 (td, J = 7.9, 1.6 Hz, 4H), 7.40 (dd, /= 9.2, 1.1 Hz, 1H),
7.31 -7.22 (m, 6H), 6.98 (d, J= 8.8 Hz, 2H), 6.63 (ddd, /=9.2, 6.4, 1.0 Hz, 1H), 6.49 — 6.45 (m,
1H), 3.79 (s, 3H). 3C NMR (126 MHz, CDCls) 6 160.0, 140.6, 138.1, 137.9, 133.4, 133.3, 129.8,

128.1, 125.5,122.5, 122.0, 120.1, 118.8, 114.2, 113.1, 55.3. 3*'P NMR (202 MHz, CDCl;) 6 -31.3.
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PCYZ
i —

N7
OMe

4 bue

1-(Dicyclohexylphosphino)-3-(2,4-dimethoxyphenyl)imidazo[1,5-a]pyridine (4i). To a 25
mL reaction vial was added 3-(2,4-dimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (220 mg,
0.63 mmol), Cs,CO; (244 mg, 0.75 mmol), DIPPF (6.6 mg, 0.018 mmol), and Pd(OAc), (3.0
mg, 0.013 mmol) in 1,4-dioxane (3 mL) was purged with argon. The reaction vial was capped
and stirred at room temperature for 2 h. The reaction was purged with argon for 5 minutes then
added 0.5 M dicyclohexylphosphine (1.3 mL, 0.63 mmol) and capped. The reaction was stirred
overnight at 80 °C. The reaction mixture was filtered over Celite and transferred using ethyl
acetate. The filtrate was condensed in vacuo. Column chromatography was performed using
hexanes:ethyl acetate (2:1) eluent to give a brown oil (110 mg, 41%). '"H NMR (500 MHz,
CDCl;) 6 7.72 (dd, J=9.2, 1.1 Hz, 1H), 7.54 (dd, J="7.2, 1.1 Hz, 1H), 7.43 (d, /= 8.2 Hz, 1H),
6.74 — 6.68 (m, 1H), 6.64 — 6.60 (m, 1H), 6.57 (d, J=2.4 Hz, 1H), 6.47 (t,J = 6.5 Hz, 1H), 3.86
(s, 3H), 3.76 (s, 3H), 2.24 (dt, J = 9.0, 3.0 Hz, 2H), 1.94 — 1.57 (m, 12H), 1.36 — 1.06 (m, 8H).
BC NMR (125 MHz, CDCl;) 6 162.1, 158.8, 139.0, 138.6, 138.0, 133.7, 123.2, 118.9, 118.9,
112.4,111.8,105.4,99.1, 55.7, 55.6, 33.0, 30.8, 29.6, 27.3, 27.1, 26.7. 3'P NMR (202 MHz,

CDCl;) & -26.0.

PPh,
= N

N\
OMe

4j
OMe
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1-(Diphenylphosphino)-3-(2,4-dimethoxyphenyl)imidazo[1,5-a]pyridine (4j). To a 25 mL
reaction vial was added 3-(2,4-dimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (220 mg, 0.63
mmol), Cs,CO;5 (244 mg, 0.75 mmol), DIPPF (6.6 mg, 0.018 mmol), and Pd(OAc), (3.0 mg,
z70.013 mmol) in 1,4-dioxane (3 mL) was purged with argon. The reaction vial was capped and
stirred at room temperature for 2 h. The reaction was purged with argon for 5 minutes then added
diphenylphosphine (110 pL, 0.63 mmol) and capped. The reaction was stirred overnight at 80 °C.
The reaction mixture was filtered over Celite and transferred using ethyl acetate. The filtrate was
condensed in vacuo. Column chromatography was performed using hexanes:ethyl acetate (3:2)
eluent to give a yellow oil (166 mg, 65%). 'H NMR (500 MHz, CDCl) 6 7.64 (d, J = 1.4 Hz, 1H),
7.64 —7.60 (m, 4H), 7.54 — 7.51 (m, 1H), 7.47 (d, J = 9.1 Hz, 1H), 7.33 — 7.25 (m, 6H), 6.71 (dd,
J =9.1 Hz, 1H), 6.63 — 6.61 (m, 1H), 6.58 (d, J = 2.2 Hz, 1H), 6.50 (dd, J = 10.1 Hz, 1H), 3.84
(s, 3H), 3.75 (s, 3H). 13C NMR (125 MHz, CDCl;) 8 162.3, 158.6, 139.2, 139.1, 138.5, 133.6,
128.7,127.9,125.0, 123.8,120.8,118.3, 112.0, 104.8,99.4, 98.3, 55.6, 55.40. 3'P NMR (202 MHz,

CDCl3) 6 -31.2.

OMe

MeO
1-(Dicyclohexylphosphino)-3-(2,5-dimethoxyphenyl)imidazo[1,5-a]pyridine (4k). Toa20 mL
brown vial, 1-iodo-3-(2,5-dimethoxyphenyl)imidazo[1,5-a]pyridine (200 mg, 0.53 mmol) was
dissolved in 1,4-dioxane (4 mL). The reaction was purged with argon. To the solution was added
Cs,CO;5 (204 mg, 0.63 mmol), DIPPF (6.00 mg, 0.013 mmol) and Pd(OAc), (3 mg, 0.011
mmol).The solution was capped and stirred at room temperature for 2 h. Dicyclohexylphosphine

(104 mg, 133uL, 0.53 mmol) was added to the solution; the solution was again purged with argon
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and then capped. The solution was allowed to stir overnight at 80 °C for 12 h. The crude reaction
mixture was filtered over Celite and rinsed with ethyl acetate (3 x 10 mL portions). The mixture
was further purified by column chromatography using a hexanes:ethyl acetate (3:1) eluent to give
a white solid (241 mg, 90%). '"H NMR (500 MHz, CDCly) 6 7.74 (dt, J = 9.1, 1.2 Hz, 1H), 7.59
(dt,J =7.2, 1.1 Hz, 1H), 7.08 (dd, J = 2.6, 0.9 Hz, 1H), 6.97 (d, J = 2.7 Hz, 1H), 6.96 (d, J = 0.8
Hz, 1H), 6.76 — 6.71 (m, 1H), 6.52 — 6.47 (m, 1H), 2.31 —2.21 (m, 2H), 2.00 — 1.85 (m, 2H), 1.77
—1.69 (m, 2H), 1.69 — 1.54 (m, 8H), 1.38 — 1.05 (m, 8H). 13C NMR (126 MHz, CDCls) é 154.0,
151.9,139.1,137.9,125.5,123.4,120.5,119.2, 118.8, 118.0, 116.1, 113.3, 112.0, 56.6, 55.9, 33.0,

30.8,29.6,27.3,27.1,26.7. 3'P NMR (202 MHz, CDCl;) & -25.8.

PPh,

= /N
N7
OMe

MeO
1-(Diphenylphosphino)-3-(2,5-dimethoxyphenyl)imidazo[1,5-a]pyridine (41). To a 20 mL
brown vial, 1-iodo-3-(2,5-dimethoxyphenyl)imidazo[1,5-a]pyridine (200 mg, 0.53 mmol) was
dissolved in 1,4-dioxane (4 mL). The reaction was purged with argon. To the solution was added
Cs,CO;5 (204 mg, 0.63 mmol), DIPPF (6.00 mg, 0.013 mmol) and Pd(OAc), (3 mg, 0.011
mmol).The solution was capped and stirred at room temperature for 2 h. Diphenylphosphine (99.0
mg, 92.5uL, 0.53 mmol) was added to the solution; the solution was again purged with argon and
then capped. The solution was allowed to stir overnight at 80 °C for 12 h. The crude reaction
mixture was filtered over Celite and rinsed with ethyl acetate (3 x 10 mL portions). The mixture
was further purified by column chromatography using a hexanes:ethyl acetate (5:1) eluent to give

a yellow solid (147 mg, 63%). 'H NMR (500 MHz, CDCls) § 7.66 (dd, J = 7.0, 0.8 Hz, 1H), 7.58
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(td, J = 7.8, 1.6 Hz, 4H), 7.43 (d, J = 9.0 Hz, 1H), 7.33 — 7.26 (m, 6H), 7.16 (d, J = 3.0 Hz, 1H),
7.01 — 6.94 (m, 2H), 6.77 — 6.72 (m, 1H), 6.55 (dd, J = 10.1, 3.8 Hz, 1H), 3.79 (s, 3H), 3.73 (s,
3H). 3C NMR (126 MHz, CDCl;) § 153.9, 151.7, 138.8, 138.8, 138.2, 138.2, 138.0, 137.7, 133.6,
133.5, 128.3, 128.3, 124.1, 120.4, 118.5, 118.5, 117.8, 116.7, 112.9, 112.3, 56.4, 56.0. 3'P NMR

(202 MHz, CDCl) 5 -30.8.

PCy2
N

N7
OMe

MeO

4m
1-(Dicyclohexylphosphino)-3-(2,6-dimethoxyphenyl)imidazo[1,5-a]pyridine (4m). To a 25
mL reaction vial was added 3-(2,6-dimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (250 mg, 0.66
mmol), Cs,CO; (255 mg, 0.79 mmol), DIPPF (6.9 mg, 0.017 mmol), and Pd(OAc), (3.0 mg, 0.013
mmol) in 1,4-dioxane (3 mL) was purged with argon. The reaction vial was capped and stirred at
room temperature for 2 h. The reaction was purged with argon for 5 minutes then added 0.5 M
dicyclohexylphosphine (1.32 mL, 0.66 mmol) and capped. The reaction was stirred overnight at
80 °C. The reaction mixture was filtered over Celite and transferred using ethyl acetate. The filtrate
was condensed in vacuo. Column chromatography was performed using hexanes:ethyl acetate
(3:2) eluent to give a yellow oil (151 mg, 51%). 'H NMR (500 MHz, CDCl;) & 7.74 — 7.72 (m,
1H), 7.41 —7.33 (m, 2H), 6.72 — 6.67 (m, 1H), 6.64 (dd, J = 8.5, 1.5 Hz, 2H), 6.46 — 6.40 (m, 1H),
3.68 (s, 6H), 2.32 —2.21 (m, 2H), 1.95 — 1.56 (m, 12H), 1.36 — 1.06 (m, 8H). 3C NMR (125 MHz,
CDCl5) 6 160.1, 138.5, 133.9, 131.5, 124.6, 122.7, 118.9, 118.8, 111.7, 108.0, 104.6. 56.1, 33.0,

30.9,29.4,27.3,27.1, 26.7.3'P NMR (202 MHz, CDCl;) & -26.5.
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PPh,
N

N7
OMe

MeO
4n

1-(Diphenylphosphino)-3-(2,6-dimethoxyphenyl)imidazo[1,5-a]pyridine (4n). To a 25 mL
reaction vial was added 3-(2,6-dimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (220 mg, 0.63
mmol), Cs,CO; (244 mg, 0.75 mmol), DIPPF (6.6 mg, 0.018 mmol), and Pd(OAc), (3.0 mg, 0.013
mmol) in 1,4-dioxane (3 mL) was purged with argon. The reaction vial was capped and stirred at
room temperature for 2 h. The reaction was purged with argon for 5 minutes then added
diphenylphosphine (115 pL, 0.63 mmol) and capped. The reaction was stirred overnight at 80 °C.
The reaction mixture was filtered over Celite and transferred using ethyl acetate. The filtrate was
condensed in vacuo. Column chromatography was performed using hexanes:ethyl acetate (3:2)
eluent to give a yellow oil (155 mg, 54%). 'H NMR (500 MHz, CDCl;) 6 7.68 — 7.64 (m, 4H),
7.52 —7.47 (m, 2H), 7.42 — 7.36 (m, 1H), 7.33 — 7.24 (m, 6H), 6.73 — 6.69 (m, 1H), 6.65 (d, J =
8.4 Hz, 2H), 6.49 — 6.45 (m, 1H), 3.68 (s, 6H). *C NMR (125 MHz, CDCl;) § 160.0, 138.7, 137.9,
137.6, 135.0, 133.7, 133.5, 128.2, 124.5, 123.1, 120.2, 118.5, 112.2, 107.5, 104.5, 56.1; 3'P NMR
(202 MHz, CDCl;) & -31.9.

PCy2
Za—— N
N

OMe

OMe

40
OMe

1-(Dicyclohexylphosphino)-3-(2,3,4-trimethoxyphenyl)imidazo[1,5-a]pyridine (40). To a 20

mL brown vial, 1-iodoimidazo[1,5-a]pyridine (220 mg, 0.54 mmol) was dissolved in 1,4-dioxane
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(4 mL). The reaction was purged with argon. To the solution was added Cs,CO; (209 mg, 0.65
mmol), DIPPF (5.6 mg, 0.014 mmol) and Pd(OAc), (2.4 mg, 0.011 mmol).The solution was
capped and stirred at room temperature for 2 h. Dicyclohexylphosphine 0.5M (1.08 mL, 0.54
mmol) was added to the solution; the solution was again purged with argon and then capped. The
solution was allowed to stir overnight at 80 °C for 12 h. The crude reaction mixture was filtered
over Celite and rinsed with ethyl acetate (3 x 10 mL portions). The mixture was further purified
by column chromatography using a hexanes:ethyl acetate (2:1) eluent to give a brown oil (104 mg,
40%). '"HNMR (500 MHz, CDCls) 8 7.75 (dd, J=9.2, 1.3 Hz, 1H), 7.72 (s, OH), 7.65 (dd, J= 7.2,
1.2 Hz, 1H), 7.24 (d, J=8.6 Hz, 1H), 6.82 (d, /= 8.6 Hz, 1H), 6.75 (ddd, /=9.2, 6.3, 1.0 Hz, 1H),
6.52 (ddd, J=7.4, 6.3, 1.2 Hz, 1H), 3.96 (s, 3H), 3.93 (s, 3H), 3.54 (s, 3H), 2.27 (ddt, J=11.6,
8.2,3.1 Hz, 2H), 1.98 — 1.56 (m, 12H), 1.38 — 1.06 (m, 8H). 3C NMR (126 MHz, CDCl;) 6 154.9,
152.5,142.4,138.7,137.4,127.0, 125.0, 122.9,119.3, 118.7,117.3, 112.2, 108.1, 77.1, 61.3, 56.2,

33.0, 30.8,29.5,27.2,27.0, 26.7. 3'P NMR (202 MHz, CDCl;) 6 -26.5.

PCy2

//N
N7

OMe
4p

MeO OMe
1-(Dicyclohexylphosphino)-3-(2,4,5-trimethoxyphenyl)imidazo[1,5-a]pyridine (4p). To a 25
mL reaction vial was added 3-(2,4,5-trimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (200 mg,
0.5 mmol), Cs,CO; (190 mg, 0.6 mmol), DIPPF (5.1 mg, 0.013 mmol), and Pd(OAc), (2.2 mg,
0.01 mmol) in 1,4-dioxane (3 mL) was purged with argon. The reaction vial was capped and stirred

at room temperature for 2 h. The reaction was purged with argon for 5 minutes then added 0.5 M

dicyclohexylphosphine (0.98 mL, 0.5 mmol) and capped. The reaction was stirred overnight at 80
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°C. The reaction mixture was filtered over Celite and transferred using ethyl acetate. The filtrate
was condensed in vacuo. Column chromatography was performed using hexanes:ethyl acetate
(2:1) eluent to give an orange solid (122 mg, 52%). 'H NMR (500 MHz, CDCl;) 6 7.75 (d, /=9.2
Hz, 1H), 7.60 (d, /= 7.2 Hz, 1H), 7.05 (s, 1H), 6.74 (d, J= 8.1 Hz, 1H), 6.66 (d, J= 2.2 Hz, 1H),
6.50 (d, J=6.9 Hz, 1H), 3.96 (s, 3H), 3.88 (s, 3H), 3.72 (s, 3H), 2.35 — 2.22 (m, 2H), 1.98 — 1.60
(m, 12H), 1.37 — 1.10 (m, 8H). 3C NMR (126 MHz, CDCl;)  152.4, 151.0, 143.7, 138.6, 123.3,
119.1,118.8,118.8, 115.7,111.9, 111.2, 100.0, 98.4, 57.0, 56.5, 56.3, 33.1, 30.8, 29.6, 27.3, 27.0,

26.7.3'P NMR (202 MHz, CDCl;) 6 -25.9.

PPh,
= N= N
N7
OMe

4q

MeO OMe

1-(Diphenylphosphino)-3-(2,4,5-trimethoxyphenyl)imidazo[1,5-a]pyridine (4q). To a 25 mL
reaction vial was added 3-(2,4,5-trimethoxyphenyl)-1-iodoimidazo[1,5-a]pyridine (200 mg, 0.5
mmol), Cs,CO;5 (190 mg, 0.6 mmol), DIPPF (5.1 mg, 0.013 mmol), and Pd(OAc), (2.2 mg, 0.01
mmol) in 1,4-dioxane (3 mL) was purged with argon. The reaction vial was capped and stirred at
room temperature for 2 h. The reaction was purged with argon for 5 minutes then added
diphenylphosphine (89 pL, 0.5 mmol) and capped. The reaction was stirred overnight at 80 °C.
The reaction mixture was filtered over Celite and transferred using ethyl acetate. The filtrate was
condensed in vacuo. Column chromatography was performed using hexanes:ethyl acetate (2:1)
eluent to give an orange solid (128 mg, 56%). '"H NMR (500 MHz, CDCls) 6 7.63 (d, J = 7.0 Hz,
1H), 7.56 (td, J = 7.7 Hz, 4H), 7.34 (d, J = 9.2 Hz, 1H), 7.30 — 7.24 (m, 6H), 7.11 (s, 1H), 6.69

(dd, J = 8.8 Hz, 1H), 6.61 (d, J = 5.1 Hz, 1H), 6.52 (t, J = 6.8 Hz, 1H), 3.92 (s, 3H), 3.84 (s, 3H),
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3.70 (s, 3H). BC NMR (126 MHz, CDCl;) 6 152.0, 151.0, 143.5, 138.2, 137.6, 137.4, 133.5, 133.3,
128.2,128.1, 123.9, 120.1, 118.4, 115.6, 112.0, 99.9, 97.6, 56.6, 56.5, 56.2. 5 *'P NMR (202 MHz,

CDCl3) § -30.1.

PCy2
Za—— N
N7

4r OMe

MeO OMe

3-(3,4,5-Trimethoxyphenyl)-1-(dicyclohexylphosphino)imidazo[1,5-a]pyridine (4r). To a 25
mL reaction vial was added 1-iodo-3-(3,4,5-trimethoxyphenyl)imidazo[1,5-a]pyridine (300 mg,
0.731 mmol), Cs,CO; (284 mg, 0.877 mmol), DIPPF (7.7 mg, 0.0183 mmol), and Pd(OAc), (3.0
mg, 0.0146 mmol) in 1,4-dioxane (3 mL) was purged with argon. The reaction vial was capped
and stirred at room temperature for 2 h. The reaction was purged with argon for 5 minutes then
added dicyclohexylphosphine (1.46 mL, 0.731 mmol, 0.5 M in hexanes) and capped. The reaction
was stirred overnight at 80 °C. The reaction mixture was filtered over Celite and transferred using
ethyl acetate. The filtrate was condensed in vacuo. Column chromatography was performed using
hexanes:ethyl acetate (4:1) eluent to give a yellow solid (169 mg, 48%). 'H NMR (500 MHz,
CDCl;) 6 8.13 (dd, /= 7.2, 1.2 Hz, 1H), 7.72 (dd, J= 9.1, 1.2 Hz, 1H), 6.91 (s, 2H), 6.71 (ddd, J
=9.1,6.3, 1.0 Hz, 1H), 6.55 - 6.51 (m, 1H), 3.90 (s, 6H), 3.88 (s, 3H), 2.29 — 2.19 (m, 2H), 1.95
—1.58 (m, 12H), 1.38 — 1.03 (m, 8H). *C NMR (126 MHz, CDCls) 6 153.8, 139.8, 139.1, 138.9,
126.2, 126.0, 121.7, 119.5, 119.2, 113.1, 106.2, 61.0, 56.4, 33.0, 30.8, 29.6, 27.3, 27.0, 26.6. 3'P

NMR (202 MHz, CDCl;) & -25.5.
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PPh,
N
N7

4s OMe

MeO OMe

3-(3,4,5-Trimethoxyphenyl)-1-(diphenyllphosphino)imidazo[1,5-a]|pyridine (4s). To a 25 mL
reaction vial was added 1-iodo-3-(3,4,5-trimethoxyphenyl)imidazo[1,5-a]pyridine (300 mg, 0.731
mmol), Cs,CO; (284 mg, 0.877 mmol), DIPPF (7.7 mg, 0.0183 mmol), and Pd(OAc), (3.0 mg,
0.0146 mmol) in 1,4-dioxane (3 mL) was purged with argon. The reaction vial was capped and
stirred at room temperature for 2 h. The reaction was purged with argon for 5 minutes then added
dicyclohexylphosphine (127 pL, 0.731 mmol) and capped. The reaction was stirred overnight at
80 °C. The reaction mixture was filtered over Celite and transferred using ethyl acetate. The filtrate
was condensed in vacuo. Column chromatography was performed using hexanes:ethyl acetate
(4:1) eluent to give a yellow solid (167 mg, 49%). "H NMR (500 MHz, CDCls) 6 8.24 (dd, J="7.2,
1.1 Hz, 1H), 7.59 — 7.54 (m, 4H), 7.35 (dd, J=9.2, 1.1 Hz, 1H), 7.32 — 7.24 (m, 6H), 6.98 (s, 2H),
6.70 (ddd, J=9.2, 6.4, 1.0 Hz, 1H), 6.61 — 6.56 (m, 1H), 3.91 (s, 3H), 3.89 (s, 6H). 3C NMR (126
MHz, CDCls) & 153.8, 140.7, 139.0, 138.0, 137.7, 133.6, 133.4, 128.3, 126.2, 125.6, 122.3, 120.5,

119.2,113.5,106.2, 61.1, 56.5. *'P NMR (202 MHz, CDCls) 4 -30.0.

Me l Me
O OMe

13
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2,6-Dimethyl-(2’-methoxy)biphenyl (13):' In a 25 mL brown vial, 2-bromo-m-xylene (200 mg,
1.10 mmol) was dissolved in 1,4-dioxane (5 mL). To the vial was added 2-methoxyphenyl boronic
acid (243 mg, 1.60 mmol), Cs,CO; (888 mg, 2.75 mmol), Pd(OAc), (6.2 mg, 0.0275 mmol), and
ligand 4m (25 mg, 0.055 mmol). The vial was purged with nitrogen for 10 min. The reaction was
stirred overnight at 80 °C and the crude mixture was filtered over Celite washing with ethyl acetate.
The mixture was purified utilizing column chromatography using 9:1 hexanes:ethyl acetate (9:1)
eluent to give a yellow oil (225 mg, 96%). 'H NMR (500 MHz, CDCl;) & 7.30 (ddd, J=9.1, 6.9,
2.3 Hz, 1H), 7.13 (dd, J = 8.5, 6.3 Hz, 1H), 7.07 (s, 2H), 7.02 — 6.96 (m, 2H), 6.93 (d, /= 8.2 Hz,
1H), 3.67 (s, 3H), 2.00 (s, 6H). 3C NMR (126 MHz, CDCl;) & 156.8, 138.5, 136.8, 130.9,

129.8, 128.7,127.4, 127.3, 121.0, 111.2, 55.6, 20.8.

Large Scale Reaction of 2,6-Dimethyl-(2’-methoxy)biphenyl (13):! In a 250 mL sealed flask,
2-bromo-m-xylene (3.0 g, 16.2 mmol) was dissolved in 1,4-dioxane (50 mL). To the sealed flask
was added 2-methoxyphenyl boronic acid (3.70 g, 24.3 mmol), Cs,CO; (13.2 g, 40.5 mmol),
Pd(OAc); (9.1 mg, 0.040 mmol), and ligand 4m (36 mg, 0.080 mmol). The vial was purged with
nitrogen for 10 min. The reaction was stirred overnight at 80 °C and the crude mixture was filtered
over Celite washing with ethyl acetate. The mixture was purified utilizing column chromatography
using 9:1 hexanes:ethyl acetate (9:1) eluent to give a colorless oil (3.03 g, 88%). 'H NMR was

consistent with the above and the literature reference.

o)

MeO
14
4-(2-Methoxyphenyl)benzonitrile (14).> In a 25 mL brown vial, 4-chlorobenzonitrile (200 mg,

1.45 mmol) was dissolved in 1,4-dioxane (5 mL). To the vial was added 2-methoxyphenyl boronic
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acid (330 mg, 2.17 mmol), Cs,CO; (937 mg, 2.90 mmol), Pd(OAc), (8.2 mg, 0.036 mmol), and
ligand 4m (33 mg, 0.073 mmol). The vial was purged with nitrogen. The reaction stirred overnight
at 80 °C. The crude mixture was filtered over Celite and rinsed with ethyl acetate. The mixture
was further purified utilizing column chromatography with a 3:1 hexanes:ethyl acetate eluent to
give a clear crystalline solid (280 mg, 92%). 'H NMR (500 MHz, DMSO-d;) & 7.82 — 7.78 (m,
2H), 7.65 - 17.61 (m, 2H), 7.37 (ddd, /= 8.3, 7.4, 1.7 Hz, 1H), 7.28 (dd, /= 7.6, 1.7 Hz, 1H), 7.10
(dd,J=8.3, 1.0 Hz, 1H), 7.02 (td, /= 7.5, 1.1 Hz, 1H), 3.73 (s, 3H). '*C NMR (126 MHz, DMSO-

de) 0 156.6, 143.6, 132.4, 130.9, 130.7, 130.6, 128.4, 121.5, 119.5, 112.4, 110.0, 56.1.

MeO
15

2-(2-Methoxyphenyl)aniline (15).> In a 25 mL brown vial, 2-bromoaniline (200 mg, 1.16 mmol)
was dissolved in 1,4-dioxane (5 mL). To the vial was added 2-methoxyphenyl boronic acid (266
mg, 1.74 mmol), Cs,CO; (937 mg, 2.90 mmol), Pd(OAc), (6.5 mg, 0.029 mmol), and ligand 4m
(27 mg, 0.058 mmol). The vial was purged with nitrogen. The reaction stirred overnight at 80 °C.
The crude mixture was filtered over Celite and rinsed with ethyl acetate. The mixture was further
purified utilizing column chromatography with a 3:1 hexanes:ethyl acetate eluent to give a brown
crystalline solid (126 mg, 88%). 'H NMR (500 MHz, CDCls) & 7.27 (ddd, J = 8.4, 7.4, 1.8 Hz,
1H), 7.20 (dd, J= 7.5, 1.8 Hz, 1H), 7.09 (td, /= 7.6, 1.7 Hz, 1H), 7.06 (dd, J = 7.6, 1.7 Hz, 1H),
6.97 (td, J=7.4, 1.1 Hz, 1H), 6.91 (dd, J= 8.3, 1.1 Hz, 1H), 6.76 (td, J= 7.4, 1.2 Hz, 1H), 6.65
(dd, J=17.9, 1.3 Hz, 1H), 3.67 (s, 3H), 3.57 (bs, 2H). *C NMR (126 MHz, CDCl;) 6 156.6, 144.4,

131.7,131.0, 128.9, 128.4, 128.2, 124.8, 121.0, 118.2, 115.5, 111.2, 55.5.
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MeOMe OMe
16
2,6-Dimethyl-(2°,3’-dimethoxy)biphenyl (16). In a 25 mL brown vial, 2-bromo-m-xylene (200
mg, 1.1 mmol) was dissolved in 1,4-dioxane (5 mL). To the vial was added 2,3-dimethoxyphenyl
boronic acid (292 mg, 1.6 mmol), Cs,CO; (888 mg, 2.75 mmol), Pd(OAc), (6.2 mg, 0.0275 mmol),
and ligand 4m (25 mg, 0.055 mmol). The vial was purged with nitrogen. The reaction stirred
overnight at 80 °C. The crude mixture was filtered over Celite and rinsed with ethyl acetate. The
mixture was further purified utilizing column chromatography with a 9:1 hexanes:ethyl acetate
eluent to give a yellow crystalline solid (161 mg, 62%). '"H NMR (500 MHz, CDCls) 8 7.24 (dd, J
= 8.4, 6.5 Hz, 1H), 7.20 — 7.15 (m, 3H), 6.99 (dd, J = 8.2, 1.5 Hz, 1H), 6.74 (dd, /= 7.6, 1.6 Hz,
1H), 3.96 (s, 3H), 3.61 (s, 3H), 2.17 (s, 6H). >*C NMR (126 MHz, CDCl;) 6 148.4, 141.7, 133.3,

131.7,130.3, 122.5, 119.4, 118.0, 106.5, 55.5, 51.1, 16.0.

Me

nveY

MeOMe OMe
17

2,4,6-Trimethyl-(2°,3’-dimethoxy)biphenyl (17). In a 25 mL brown vial, 24,6-
trimethylbromobenzene (200 mg, 1.01 mmol) was dissolved in 1,4-dioxane (5 mL). To the vial
was added 2,3-dimethoxyphenyl boronic acid (275 mg, 1.51 mmol), Cs,CO; (653 mg, 2.02 mmol),
Pd(OAc); (5.7 mg, 0.025 mmol), and ligand 4m (23 mg, 0.051 mmol). The vial was purged with
nitrogen. The reaction stirred overnight at 80 °C. The crude mixture was filtered over Celite and

rinsed with ethyl acetate. The mixture was further purified utilizing column chromatography with
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a 9:1 hexanes:ethyl acetate eluent to give a clear solid (253 mg, 98%). '"H NMR (500 MHz, CDCl3)
0 7.12 (t,J = 7.9 Hz, 1H), 6.98 (s, 2H), 6.95 (dd, J = 8.0, 0.7 Hz, 1H), 6.70 — 6.67 (m, 1H), 3.94
(s, 3H), 3.57 (s, 3H), 2.37 (s, 3H), 2.09 (s, 6H). 3C NMR (126 MHz, CDCl5) 4 153.0, 146.5, 136.6,

136.3, 135.1, 135.0, 128.0, 124.0, 123.0, 111.1, 60.2, 55.8, 21.2, 20.6.

,o

B /
NG _N
18

6-(Furan-3-yl)nicotinonitrile (18).* In a 25 mL brown vial, 2-chloronicotinonitrile (200 mg,
1..44 mmol) was dissolved in 1,4-dioxane (5 mL). To the vial was added 3-furanylboronic acid
(242 mg, 2.16 mmol), Cs,CO5 (938 mg, 2.88 mmol), Pd(OAc), (8 mg, 0.0356 mmol), and ligand
4m (32 mg, 0.072 mmol). The vial was purged with nitrogen. The reaction stirred overnight at 80
°C. The crude mixture was filtered over Celite and rinsed with ethyl acetate. The mixture was
further purified utilizing column chromatography with 30% ethyl acetate/hexanes eluent to give
an off-white crystalline solid (191 mg, 78%). 'H NMR (500 MHz, CDCl;) & 8.80 (s, 1H), 8.11 (s,
1H), 7.89 (d,J = 8.3 Hz 1H), 7.52 (s, 1H), 7.51 (s, 1H), 6.88 (s, IH). 3C NMR (126 MHz, CDCl3)

0 155.3,152.7, 144.68, 143.4, 139.8, 126.2, 119.6, 117.1, 108.5, 107.2.

7
\\N
»
N
19

3,3’-Bipyridyl (19).° Ina 25 mL brown vial, 3-bromopyridine (200 mg, 1.27 mmol) was dissolved
in 1,4-dioxane (5 mL). To the vial was added pyridine-3-boronic acid (234 mg, 1.90 mmol),

Cs,CO5 (820 mg, 2.54 mmol), Pd(OAc), (7.1 mg, 0.032 mmol), and ligand 4m (29 mg, 0.064
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mmol). The vial was purged with nitrogen. The reaction stirred overnight at 80 °C. The crude
mixture was filtered over Celite and rinsed with ethyl acetate. The mixture was further purified
utilizing column chromatography with a 9:1 hexanes:ethyl acetate eluent to give a white crystalline
solid (161 mg, 81%). '"H NMR (500 MHz, CDCls) 6 8.88 (s, 2H), 8.67 (s, 2H), 7.89 (s, 2H), 7.42

(s, 2H). BC NMR (126 MHz, CDCl;) 6 149.1, 147.9, 134.1, 133.1, 123.6.

/:Z
\

20

5-(Benzo[b]thien-3-yl)pyrimidine (20).° In a 25 mL brown vial, 5-bromopyrimidine (200 mg,
1.26 mmol) was dissolved in 1,4-dioxane (5 mL). To the vial was added benzo[b]thien-3-ylboronic
acid (336 mg, 1.89 mmol), Cs,CO; (820 mg, 2.52 mmol), Pd(OAc), (7.9 mg, 0.0315 mmol), and
ligand 4m (29 mg, 0.063 mmol). The vial was purged with nitrogen. The reaction stirred overnight
at 80 °C. The crude mixture was filtered over Celite and rinsed with ethyl acetate. The mixture
was further purified utilizing column chromatography with 30% ethyl acetate /hexane eluent to
give a yellow oil (231 mg, 86%). 'H NMR (500 MHz, CDCl3) & 9.13 (s, 1H), 8.97 (s, 2H), 7.78—
7.81 (m, 2H), 7.57 (s, 1H), 7.33-7.36 (m, 2H). '3C NMR (126 MHz, CDCl3) 6 157.8, 154.0, 140.2,

140.0, 136.2, 128.7, 125.6, 125.2, 124.2, 122.5, 122.0.
S
C
21

2-(Thiophen-3-yl)pyrimidine (21).” In a 25 mL brown vial, 2-bromopyrimidine (200 mg, 1.26

mmol) was dissolved in 1,4-dioxane (5 mL). To the vial was added 3-thienylboronic acid (240 mg,
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1.89 mmol), Cs,COj3 (820 mg, 2.52 mmol), Pd(OAc), (7.9 mg, 0.0315 mmol), and ligand 4m (29
mg, 0.063 mmol). The vial was purged with nitrogen. The reaction stirred overnight at 80 °C. The
crude mixture was filtered over Celite and rinsed with ethyl acetate. The mixture was further
purified utilizing column chromatography with a 30% ethyl acetate in hexane eluent to give a
colorless crystalline solid (162 mg, 79%). '"H NMR (500 MHz, CDCl;) 6 8.68 (d, J = 4.9 Hz, 2H),
8.27 (d, J = 4.9 Hz, 1H), 7.87 (d, J = 4.3 Hz, 1H), 7.34 (m, 1H), 7.05 (t, J = 9.7 Hz, 1H). 13C

NMR (126 MHz, CDCl;) 8 162.0, 157.3, 141.7, 128.1, 127.5, 126.2, 118.7.

References:

1. S. Chun To and F. Yee Kwong, Chem. Commun., 2011, 47, 5079-5081.

2. R. M. Appa, S. S. Prasad, J. Lakshmidevi, B. R. Naidu, M. Narasimhulu and K. Venkateswarlu, Appl.
Organometal. Chem., 2019, 33, e5126.

3. J. Rong, L. Deng, P. Tan, C. Ni, Y. Gu and J. Hu, Angew. Chem. Int. Ed., 2016, 55, 2743-2747.

4, S. Ge and J. F. Hartwig, Angew. Chem. Int. Ed.

,2012,51, 12837-12841.

5. K. Wang, Q. Fu, R. Zhou, X. Zheng, H. Fu, H. Chen and R. Li, Appl. Organometal. Chem., 2013, 27,
232-238.

6. T. Noél and A. J. Musacchio, Org. Lett., 2011, 13, 5180-5183.

7. D.-D. Lu, X.-X. He and F.-S. Liu, J. Org. Chem., 2017, 82, 10898-10911.

43



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

1.5
1.0
al

0.5
al

—-0.5

-1.0

-0.5

Q.0

Q-WHO40¥OTHD £T°L
(ze
87°L 1
€92
v9'L
¥9°L 1
¥9'L 1

59°/
99'L
99°L
99'/
19'2
L9°L
19'L
89'/
89'L

98’
98'L W.
88°L
6’8
62’8
6C'8
67’8

_—

—_—

I
o~
ZT1

/

Z
\

=60'T
490

80T

Frso

=101
=001

95 /90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5
f1 (ppm)

10.0

44



45



I = n o 1n o n o 0 d a
= = ™ m N N — - Q 9 ;
S S IS) o =] 1S3 =} S =] = Q
1 1 1 1 1 1 1 1 1 1
pPIey —
-+
80°C¢T
80°¢CT W. =

[Aa4t
bScer -\.
PO'LET
S0°LET V.

£6'8PT
8681

€9°T91
89'T9T

0880 —

ZT

N

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220

46



-14

-13

-12

-11
- 10

=

[

F+80
01

€60
E860

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

f1 (ppm)

47



48



1.7
1.6

1.5

1.4

-1.3

-1.2

-1.1

1.0

~0.9

0.8

~0.7

0.6

+0.5

L 0.4

-0.3

0.2

0.1

0.0

--0.1

8L'CT¥

PHBTT N\
80°6TT —
68'611 “
zzTen

89°LCT —
SE0ET —

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

170

49



50



Mm N o O O O N OV I ¥ M N —=H O —~ N
o~ o~ o~ N — — — — — — — — — — a o] ~N (o) n < ™ o~ — g '
| I I | Y (NI N (ST ST I S E—— | I (T | I | I 1 1 1 | I
— 0T
—— F60'T
T — 660
A-WJO40HOTHD Sv'L — —
882
88'L N
3 —— ot

860

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f1 (ppm)

10.0

51



o n o n o n o n o
n <+ < m (12] o o — — n [«
1 1 1 1 1 1 1 1 1 1
S
_
(20— _ o
o
i
o
o
o
(2]
o
<
o
wn
o
O
o
~N
vz — _ |
Q-WHOJONOTH Lb'LL N o
Q-WYOH0dOTHD 2L'2L —F — £
v oS
Q-WYO40dOTHO 86'£L o8
=
o
[e)}
o
o
-
o
~—
~—
_
vt =
PRI~ y 5
19021 &
0672 ~_ = S
o
8b'62T — Z ) 3
oT°ZeET — — J SN
/ o
Q
Z (o] ¥
/ \ 2
wn
~—
o
(o}
i

170

52



1n o 1 o i o i o n S
< < ™M (32} o [aV] — — o d
1 1 1 1 1 1 1 1 1
e
i
:
n
o
T
N i =
5]
n
o
o
‘iﬁll -
= Wmv.m I
n
_ — —
IM Tm.: L
- o
I
—==] Ferz|
n
N
Q
(22]
n
™
Q
<«
~
ng
Te
i
Y

O
—
o~
L
]

[

PCy.

= N

N
N7

7a

00T

80T |

90T |

F101

960

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

53



-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

1.5

-1.0

-0.5
0

--0.5

d-WJ040d¥0THD ¥6'9L \
Q-WY040d0THD 0T°4L w
Q-WdO040d0THD Sb°/L

88°CTT
68°CIT v.
£L6°8TT
€0°6TT Vu
99°'6TT
6v'Cet 7

[4 14}
SE'6CT

08°LET ~_
e18eT

PCy2

= N=—

N
N7

7a

-10

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

170

54



PCy2
= N
N
x~ N7
7a

-26.63

110

100

90

- 80

-70

- 60

- 50

L 40

-30

- 20

-10

--10

--20

T T T T T T T T T T T T T
50 40 30 20 10 0 -10
f1 (ppm)

55

-20

-30

T
-40

-50

-60

T
-70

-80

-90



-3.8

-3.6

L 3.4

-3.2

-3.0

1.8
1.6
1.4
1.2
1.0

2.8
L 2.6
L 2.4
2.2
L 2.0
0.8
L 0.6
L 0.4
L 0.2

0.0

--0.2

-1.0

-0.5

0.0

0.5

1.0

/7

P(t-BU)Z

=IrT

00T |

F 480 1

960

80 [

T

4.0 3.5 3.0 2.5 2.0 1.5

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

56



-10

10

20

30

© mw o ®m 9o ;»m o ! 9 w 9 v 9 m o uw o uw g = %
o o O NN L VU NN Yy T ™M™ mMm N &N —+H- —+H€ o o T
| Y NSNS (NS (NN NN NS R S [ NS T RS T T T ST RS R | I |

80°0 —

oV Uc

90°€E —

A-WIO40dOTHD ¥6'9L \
-WAO40dOTHD 6T°LL w
Q-WAJO40¥OTHD St°LL

;T —

62611

40

50

60

70

57

90 80
f1 (ppm)

100

110

€8°6TT —
0s°0¢T “
et

60°6CT —

N
)
>

TL8ET —

(28]
+=
~
o

120

160 150 140 130

170




4.29

L 140

130

120

110

100

90

- 80

~70

- 60

50

|40

- 30

-20

-10

--10

T T T T T T T T T T T T T T T T T T T T T
50 40 30 20 10 0 -10 -20 -30 -40 -50
f1 (ppm)

58

-60

-70

-80

-90

-100



4.0
3.5
3.0
2.5
2.0
L 1.5
1.0
0.5

0.0

|
59 7
$5°9
SS'9
SS9
95°9 1
£5°9 1
£5°9 1
L9
L9
€479
€4°9 7
L9
L9
SL°9 7
S2°9
ST/ A
9T, A
9T, A
9¢'L
121
LT A
8T°L
877, A
877, A
8¢°L
677,

88,

90T
9071

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1l gg)m)

7.0

9.5 9.0 8.5 8.0 7.5

10.0



-10

10

20

TTETT —
19'81T
19811
78021 ~_
S8TTT ~
19°S2T ~\_
bE'8TT
Sb'8zT
9 0€T
ZS°0€T

69°'TET \v
LLTET

Ob'EET
SSEET
90°8€T
TT'8ET

PPh,
N

D

pd

N\ 7/

160 150 140 130 120 110 100 90 80 70 60 50 40 3D
f1 (ppm)

170

60



-33.00

450

400

350

300

250

200

-150

100

- 50

--100

T T T T T T T
0 -10 -20 -30
f1 (ppm)

61

-100



--0.5

-1.0

-0.5

D.0

9a

—

960
660

160
7. 60

ﬂo.m
8'0

8'T

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0
f1 (ppm)

10.0

62



63



L 4.5
L 4.0

-3.5

-3.0

-2.5

-2.0

1.5

1.0

-0.5

--0.5

60°0 —

-10

Q-WY040d0THD 889/

Q-WY040dOTHD €T°4L w
A-WY040d0THD 8€° 4L

T
80
ppm)

<

T T
100 90

110

T T T T
150 140 13 120

1'9/'

T
170

64



65



-1.0

-0.5

e

F00°'T
Feot

E16°0

N
10a

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 00
f1 (ppm)

10.0

66



- 16
— 15
- 14
13

12

-11

~10

vyl AN
A-WdO40dOTHD £07LL ./.
A-WdO40dOTHD ¢ELL l.\.l

A-WIO40dOTHD 85°LL

TTPIT —
96'8TT

P'0cT M
88°'T¢T —

00°8¢T
crect ./.
ST'6CT W
6€°6CT
SYEET .\.

8'0bT —

N
N7

10a

-10

60 50 40 30 20 10

70

160 150 140 130 120 110 100 90

170

f1 (ppm)

67



68



-4.0

-3.5

-3.0

-2.5
-2.0

1.5

-1.0
-0.5
00

)
-
i
|
un

A

579 q
59
SS9 1
95°9 1

1299
29
€2'9 4
€2'9 4
- WH04O¥OTHD ST'L .
er'zq\
poL
0s'Z
0s'Z

I/

"QA A.Ilkh

60

WNNN 3
Tw.: i

Eysrp

10T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

4.5
f1 (ppm)

6.5 6.0 5.5 5.0

7.0

PCy2

N
N7

4a

[ =760
16T

Feret

— 660 |

9.5 9.0 8.5 8.0 7.5

10.0

69



2.4
23
(2.2
21
2.0

1.9

-1.8

1.7

-1.6

1.1

1.0

-0.9

-0.8

0.7

-0.6

-0.5

L 0.4
0.3
L 0.2

+-0.1

--0.2

60°0 —

-10

10

R0

B0

40

A-WIO4OUOTHD £8°9Z

70

J-W30J0d0THD €ET°ZZ w
A-IWHO4OHOTHD 8C//

80

f1 (pprh)

SO'ETT —

8C'6TT
9L'6TT v

110

T
120

69121~
TE9ZT ~_
§9°'82T ~_
L0621~
v90eT 7

30

TE" —
866D 7

N
N

4a

T
140

70



4a

-25.83

7.5
7.0
65
6.0
5.5
5.0
L 4.5
4.0
L 3.5
5.0
25
2.0
15

1.0

--1.0
--1.5

--2.0

50 140 130 120 110 100 90

T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20
f1 (ppm)

71

-30

-40

-50

-60

-70

-80

-90

-100 -110 -120 -130 -140 -150



W

=00'T [

=660

=80'§S

806 |

=S66'¢
=$0°'C

=00'T

72



el
106114
0611
07611
ST611 1
8007 4
50014
T
(Al
wo
81871
€087
Lv'871
(5871
6871
01’621
£1°0€1
Ob'EET
£5°EET
sseeT
19567 4
s2514
20971
90°8¢T
UEAR
gLot
18051 4

PPh,

\N/N

4b

ot |

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

180

73



-31.31

PPh,
/ -
>~ _N /)
|
T T T T T T T T T T T T T T T T T T T T T T T
920 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90
f1 (ppm)

74



-
p N
? OMe

=00'¢

=00T |

=007
H\.S.H
£66'0

0¢

hm.o I
0T

75



TP
wITT
w
fLing
11
(1871
86817+
6’817 1
98174
%611 1
601021

o

Wi

i

LE1ST—

N
N7

OMe

9b

I\

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

180

76



-6.5
-6.0

5.5

-5.0

4.5

-4.0

-3.5

-3.0

2.5

-2.0

1.5

-1.0

0.5

~-0.5

-1.0

-0.5

0.0

TT°L A

T2

Q-WIO40¥OTHD §2°2
veL
veL
Se'L
9g°L
9g'L
L7
vbL
Sb'L
9L
9L
9L
L
8v°L
8b'/
952 -
B.NU,
(5L
(s

T—

10b

101

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0
f1 (ppm)

10.0

77



78



177.18

A\
ot

/

10b

—157.24
— 138.56

133.32
L1301
\-131.27
D 12588
~121.45
~_120.16
~\118.62
_-112.75
~— 111.06

Tz cHtoROFORM-D

76.87 CHLOROFORM-D

\73.17

77.38 CHLOROFORM-D

55.54

1.4

1.3

1.2

1.1

-1.0

-0.9

-0.8

-0.7

0.6

-0.5

0.4

0.3

m)

79




-4.2

-4.0

-3.8
-3.6

24
1.8
1.6
1.4
L1.2
1.0
0.8
L 0.6
0.4
0.2
0-6

-2.8
-2.6
-2.2
-2.0

--0.2

-1.0

-0.5

QT
€9°T
¥9'T
OdH S9°T 1
S9°T
S9°T
99°T
97T
£9°T
TL°T 7
LT
LT
YT
SL°T
9T°C 1
9T'C 1

L2°T
LL€-
8v'9

104
102
0L
€0°L
L0°L
80°L

/

A mﬂf}\

/I

/s

i

— —]

==

Th.: 3

Fsvs|

Feert

=86'C [

860

o071 |

S6°0

90°T

E¢60
N oggr

= 160

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

607
o1°L

o1°L

€L
£b
€b°L
€L
s
25
€5
b2
5572

PCy2

OMe

N
x N7
4c

9.5 9.0 8.5 8.0

10.0

80



-4.0
-3.8
-3.6
-—3.4

-2.4
-2.2

-2.0

-1.8

1.6

1.4

1.2

-1.0

0.8

-0.6

0.4

-0.2
0.0

--0.2

T0- ~
800~

89'9¢
66°97 1

-10

10

20

90°/C
81'/C
8¢'/C
16°6¢C
£S°6C
TL0€
¥8°0€

L6'CE
¢0'ee

6965 —

Q-WIO40UOTHD 06°9Z L
A-WAOH4OUOTHD ST°2L w
A-WAOH4OUOTHD TH°2LL

il

.

N

80 70 60 50 40 30
f1 (ppm)

90

100

9S'TTIT ~.
69 11T

110

88811
b0'61T
2/°611 77

120

1€ TCT

falaldavad

6L0ET —

130

86'CET —
L0°8ET

LLBET —=
TT'6ET s

i U'LJL

140

150

¢9°LST —

160

170

81



4c

OMe

-25.93

~70

-65

- 60

55

50

L 45

L 40

-35

-30

-25

- 20

-15

- 10

--10

T T T T T T T T T T T T T
50 40 30 20 10 0 -10
f1 (ppm)

82

-20

-30

-40

-50

-60

T
-70

-80

-90

-100



s ———

4d

-1.0

-0.5

2.5 2.0 1.5 1.0 0.5 0.0

3.0

95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 50 45 40 35
f1 (ppm)

10.0

83



84



Q n Q ot Q Lk Q n P
< ™M (a2} o o — — o [«
1 1 1 1 1 1 1 1
o
i
)
010~ o
010~
o
i
o
o
o
s}
o
<
o
wn
€965 — [—
(=)
[

A-WAO4OUOTHD £8°9L \
A-WAO4OUOTHD €T°4L w
A-WAO4OYOTHD 8€°£L

A

70

80
f1 (ppm)

0E°TTT ~
PTCIT "

95811
CE6TT /

61027 —

.ai

110 100 90

120

sz~
b6 €2t
P28 ~_

0

96 0ET
[8'TET —~
sreer -F N

os-eet /<
S9'€€T

(8°LET Z
9T'8€T AN
Zv'8eT /

£T°6€T =

wa \/

OMe

4d

'LJJ i ‘M

150 140 13

160

170

85



4d

OMe

-31.29

450

400

-350

300

250

200

-150

100

50

--100

T
0
f1 (ppm)

86

-10

-20

-30

T
-40

-50

-60

-70

-80

-90

-100



L 14

13

12
-11
-10

1L

OMe

758 ZT

8c

N

Feoe

—i HITC

-1.0

-0.5

2.5 2.0 1.5 1.0 0.5 0.0

3.0

95 90 85 80 75 70 65 60 55 50 45 40 35
f1 (ppm)

10.0

87



7.0
-6.5
-6.0
-5.5

-5.0
-4.5
-4.0
-3.5
-3.0

-2.5

-2.0

1.5

1.0

-0.5
0

+0'0 —

-10

10

20

30

66'vy —

02'SS —

50

A-WAIO40HOTHD 6C°LL \
A-WIO40HOTHD S§S°LL w
A-WJO40HOTHD 18°LL

80
88

90

f1 (ppm)

28711 —

09 ZTT~C
£T6TT ~

o T[]

T
12

SETIT=C
azzer

vreCcT —

€9°GET ~
6L°9€T

T
130

T
140

¥8'8bT —

ET°LST —
T9°6ST —

T
150

T
160

0S°£9T —

T
170

80

T
190



7.0
-6.5

-6.0

-5.5

-5.0

-4.5

L 4.0
L 3.5
L 3.0
L 2.5
L 2.0
1.5
1.0

--0.5

A-WAO4OUOTHD 6¢C°L
6C°L
6C°L
0g /o

45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0
f1 (ppm)

5.0

1€
€L
€L
€L
€€
€L
€€L
€L
s
st
st
%€,
9L
LEL
oL~
15
v1'8
91'8
AR
AR
81'8
81'8
81'8

OMe

9c

\ 7

E860
Foso

Frot
£
£0°T

B0

Fot

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

89



12
F11

-10

-10

10

20

30

40

50

OC 33

60

70

A-W4040dOTHD ¢ELL \
Q-W4040d0THD 85°£L w
A-WIOH4OYUOTHD €8°4L

80
90

90
1|(ppm)

bO'ETT
9z'€TT
bSPTT
85'8TT /
65'8TT /
82911

100

110

891 2
0L'6TT ~F —
55°02T .\
A
soTeT ]
£9°FET z
()
¥6°LET — w m
\\f m
/
XN\ o
S0°09T — / =

=
x> N
170

180

190




o~ — o (o)} [ee] ~N o} N < [s2] N — o
o~ o o~ — — — — — — — — — — (o)} 0 N o n < ™ o — [« [
[P IRNU NS NN SN NS NS (SR SR NS SNPI U N (S SRR RS SR S NS R R 1
e
i
[
n
o
T
Q
o
n
o
Q
1 —
|
-
| 1
| —
w o
o
n
i o~
| o
| ™
“ 1
™M
Fa8e o
<
E
—~
g
Na
< =
—
[V
e
n
1
n
e
e}
\n
——— e}
) 101
M — F+0'T
— 860 | o
O N
x\ =0T'€
— 60T n
~N
_ Z \
AN / )
=
zZ 1) ———— =00
o 10
W - *
e
(o)}
\n
(o)}

10.0

91



-21
-—20
-19
18

17

-16

L 15
L 14

13

F12

11

-10

L1T°0 —

10

20

30

86'G5 —

40

50

(474 AN
Q-WY040d0THD 20°LL /
Q-WY040d0THD 8T°LL V

A-WY040dOTHD +¥S°LL

IETT
80'vTT V

100 90 80 70

110

f1 (ppm)

TCSTT
£6°8TT ~_
L6611 —7

o 0cT
90'cet .\.

80°0€T ~
z9'0e1
75 €€ —

SE0PT —

Y1091 —

N
N

OMe

10c

170 160 150 140 130 120

180

92



93



2.3

2.2

2.1
2.0
1.9
18
17

1.6

1.5

1.4

1.3

-1.2

-1.1

-1.0

-0.9
-0.8

-0.7

-0.6

-0.5

-0.4

0.3
-—0.2
0.1

00

--0.1
--0.2

VARV A

J

PCYZ

|

N
N

OMe

4e

whﬁ.w r
Tm.: I

Foge |

Fyre

m/. L6°0

Wt 660

m\. €6°0

€6°0 |

l% 96'0
£6°0

Feeot

Foot |

-1.0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.5
f1 (ppm)

10.0

94



-3.4

-3.8
-3.6
-3.2

-3.0

-2.8

-2.6

-2.4

-2.2

-2.0

-1.8

-1.6

1.4

1.2
-1.0
-0.8
-0.6
0.4

-0.2
06

--0.2

L-0.4

80'0 —

-10

10

§9°9¢
80°'/C ./.
0€'/C
£S°6C *

6£°0€
T0°€€E .\.

9SS —

A-WAO4OUOTHD 88°9L \
A-WAO4OUOTHD €T°4L w
A-WAO4OUOTHD 6£°£L

1

f1 (ppm)

SO'ETT
TEPTT AS
9% HTT
0€°6TT
bH6TT
+8°02T Vi
£8'121
201
T1°0€T —
98°1€T -~

TE6ET ~
9,651~

80°09T —

OMe
|

4e

95



|30
|28
| 26
| 24

- 22

PCy2 -—20
= — |18
N7 -—16
-14

OMe [

-10

4e

-2

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
50 140 130 120 110 100 90 8 70 60 50 40 30 20 10 O ~-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150
f1 (ppm)

96



17
-16
-15

L 14

13

F12

-1.0

-0.5

98¢
8579
8579 1
8579 1
6579
TL°9 A
TL°9 A
€49
€49
L9
869
669
669 1
Q-WJ040dO0THD ST°L A
8¢°L A
8¢°L
8¢°L
6¢°L
6¢°L
6C°L

6L
6C'L
0e'L

0€’L

0€°L
0€°L
0€°L

1L

OMe

4f

RNogo
160

LS
ho.ﬁ

80
wﬁ.w.o
A

1S°€

=0T

0.0

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20/ 15 1.0
f1 (ppm)

10.0

97



25 55—

BEET]
Tl
19k
BOGTIT
EVEIT
5b'0Z1
P90z
ZE'Z
vm._:u.,_,
0E'BZIA
PEBII \
DO0ET—
G.E.M_m
SEET
1oeer
TEEET
00'BET
POBET
81°8E
bEObT
Z90p1-
8009 —

PPh,

N
N7

OMe

4f

]

a0

-20

-10

a0 a0 40 30 20 10

0

170 160 150 140 130 120 110 100 a0
f1 (ppm)

1380



LY-M-30

30.93

PPh,

/ -

N
>~ _N /)
OMe
4f
L |
100 20 80 70 60 50 40 30 20 10 ] -10 -20 -30 -40 -50 -60 -70 -80 -a0 -100
f1 (ppm)

99



OMe

ZL

8d

N

|

| l i lil

F£0'C

mmo.N

- /0T

60 55 50 45 40 35 30 25 20 1.5 1.0 05 00 -05 -1.0
f1 (ppm)

6.5

9.5 9.0 8.5 8.0 7.5

10.0

100



101



-2.4

-2.8
-2.6
-2.2
-2.0

-1.8

1.6

1.4

1.2

-1.0

-0.8

0.6

-0.4

-0.2

a)

--0.2

-10

10

20

30

40

OMe

£8'vy —

8t°'9S —

ZL

8d

N

A

70 60 50

80
102

f1 (ppm)

90

08°€TT —

100

110

120

og'eet
JAx4an
64°9CT —

66'8CT —

06'9€T —

80°'6vT —

6G°9ST —

8CC9T —

150 140 130

160

TO°L9T —

170

180



103



F11

-10

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

3.5

OMe

9d

—emrl =0

0T

F£0¢

===} 860

R\eg0

10T

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

f1 (ppm)

104



® © < N o ® © < N ° ® © <. N @ S
o o o~ o o — — — — — o o o o [« 0_
1 " 1 1 1 1 1 1 1 1 1 1 1 1 1 1
S
_
o
o
. i
o
o
- o
_d 1%}
- o
=)
o
wn
1’56 —
o
(e}
7 o
~N
Q-WHOH0UOTHD 88'9L \ J
Q-WHOH0UOTHD £1°4L
Q-WHOH0¥OTHD 6€°£L \ S~
£
o
o
]&
o
o
-
o
16'211 pa
05411 Q
15811
08811\ I
1€°021 — =
Sb'1eT “ R
bo'€TT
6°671 — 4 @
8€TET — — -
. — ——f o
SE'8ET Q
Q -
O =
a
Z
AN
\ 3
96'65T — = % ©

170

180

105



L0.0

I
/ -
N
>~ _N /)
10d
OMe
|
e,
I 3 1% 4
T T T T T L T T L] T ] T ] T T T T T T T
9.5 9.0 B.5 8.0 7.5 70 6.0 el 5.0 4.5 4,0 3.5 3.0 2.5 2.4 1.5 1.0 0.5 0.0 0.5 1.0



T 54—

agzi
v¢.v:”.u..
BT
9£811
6Z 02—
mmﬂm_uﬂ
Tz
b 62T —
PETET—

BZBET—

BEAST—

10d

OMe

170 160 150 140 130 120 110 100 90 ad 70 60 a0 40 30 20 10
ppm

180



-3.5

-3.0
-2.5
2.0
1.5
-1.0
-0.5

0.0

--0.5

|

0.0

-1.0

-0.5

0.5

1.0

A iMﬂL MM

Hh—d
ﬁ F

wﬁm.ﬁﬁ I

Feret

3.5 3.0 2.5 2.0 1.5

4.0

YT

YT ]
+8'€ 1
v8'€

]
Ly'9
Ly'9
8v'9
6v'9
6v'9
0s'9
0s'9

999
999
99
£99
899
899
699
699
1072
0L
€02
€02
Q-WI040dOHD ST'L

I

PCy2

— ———

—

OMe

N
N7

S0t

= /60 |

= 90°¢C

= P1'C

=007

Fort

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

108



o 10 o 0 o 1 o 1 q
< [s2] (321 o o — — o q
1 1 1 1 1 1 1 1
o
i
;
60°0 — S o
o
i
o
_ N
5992 N 5
80°£C — B
67°LT o
S55°67 \ = M
08:0¢ 7/ ]
66°2€ 3
o
<t
o
n
8b'66 —
o
— O
o
~N
Q-WHOH0UOTHD 96'9L \
Q-WHOHO¥OTHD TT° 2L —= _
T-WIOJOSOTHD 7577 &=
€
a
a
&
K&
o
o
o
=
¥8°2IT —
8t pTT
206IT S
8€°6TT E =
S9°1ZT “ - |
oreer /. 8
151 o
S0°0ET — 5 )
90°6ET ~ [— =}
= <
€6'65T M -
P
N
Pvu, O
o
o N/ 4
pd | o
£0°09T — o) 9
\ \y =
N\_7 o
[
i
o
o)
i

109



4
g OMe

-25.93

- 26

L 24

-22

- 20

-18

-16

14

12

-10

T T T T T T T T T T T T T T T T T T T T T
40 30 20 10 0 -10 -20 -30 -40 -50 -60
f1 (ppm)

110

-70

-80

-90



0 o 0 o 0 o 0 o 0 P
< < ) ™ N N — — =) q
1 " 1 1 1 1 1 1 1 1
00°0-
6L°€ 1
99 1
99 4
159 4
159 1
859 1 )
6v°9 1
6v°9 1 &Y = |
799 1 % (@)
799 1 =z
€99 1
. o AN
Z e
<
/ -
I Fsre
o
I.‘nvvmlmm.o
—=e==] 1660
e —
B0z
I
R M\.vo.ﬁ
fidRd
- 36T
—— G660

-1.0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 00 -05
f1 (ppm)

10.0

111



O n < ™ o — o —
— — — — — — — ()} o] ~N (=) n < [s2] [a\] — [« '
1 1 1 1 1 1 1 [ 1 1 1 1 1 L, 1
000 — J— _
=
N
e @)
o = |
o / AN
pd -
/ \ <
0€'6S —
d-WYO40YOTHD €892 / y

A-WIO40UOTHD 60°2L w
A-WAOH4OUOTHD vE'LL

SO'ETT
€THIT V
€8'8TT

80°02T %
96'T2T ~_
obzer

¢S'SeT —
£1°92T —

|

I

-10

110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

120

08'62T ~
8CEET
EPEET V.

S8°LET 7

1M

I

13D

9UBET
+9°0vT /

96'6ST —

160 150 140

170

180

112



LY-K-49

—31,33

PPh,
/ -
N
N/
4h
OMe
100 a0 80 70 &0 50 40 30 20 10 -10 -20 -30 -40 -50 -60 -70 -80 ]

0
f1 (ppm)

113



o 10 = 0 o 10 o 10 o 1 o 1 2 i
o 5 B < < ) I N ~ — — o d Q
1 1 1 1 1 1 1 1 1 1 1 1 1
Q
-
;
n
- o
T
<
=
n
=
Q
-
bt
]
Q
e B N
n
m N
1 <
I~ ™
n
e
dq Fore
Fe8c Q
m o<
—
nE
- o< W
Z
— -—— "
F56'T -
Q
r wn
n
s)
Q
- ©
—_— —— Fo60 | 41N
—_— e —— H/Nm.o (o)
m 0.
_ S
—_— e) — Fsot
- =]  Eyo07 |
e n
— M e 1ot
O o
[ee)
—
n
(18 N O P
om.m\ﬁ
15°8 7 — ZT O
158 7 ﬁ 0 =
25'8 o
758
75'8 ]
258 z i
ol \ =
258 ] \
£5'8
R.wu _ Q
8/'8 S

114



115



5.5

-5.0

4.5

-4.0

-3.5

-3.0

-2.5

-2.0

1.5

-1.0

0.5

00

--0.5

-10

8T —

I3 33
0095 -~

A

T
80

6586 —

f1 (ppm)

T
90

T
100

8¢'S0T —

LY PTT —

SQ'771

110

T
120

61221

L6 CET —

T
130

9L'9€T —

8T'6vT —

69°LST —
(16517
05°€9T ~
0€'59T —

OMe

OMe

ZT

N

8e

T
140

0

T
15

T
160

'/éo

T
180

116



15

14

13

12

-11

- 10

OMe

9e

OMe

|

il

|

8'C
WA.MO.m

286'0

260
60

6°0
6°0
2660

Ao

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
f1 (ppm)

10.0

117



-1.1

-10

£6'SS
9095

80

£5°66 S
ST'€01 -
Lb°90T —
96°0TT

f1 (ppm)

T
90

'/&

110

S8°9TT —

<CeIT —
SPECT
T9°ect

18°6CT ~
L6°TET ~_
£9'€€T —

T T
130 12

'/éo

T
150

88°8ST —

T
160

SLY9T —

T
170

T
180

118



119



|
/ -
N i R | ol
N I "J'
OMe | | 1Nl )
10e
OMe
J M
™, 7 AT, Y
3Re TEE R &
T T L T by T ¥ T Y T N T ¥ T T T T T ¥ T ¥ T 3 T ¥ T
.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 s 3.0
ppm

120



- 16

—15

14

—13

12

-11

~10

-10

30

40

50

O T
© ¥
n
n

9LTU —

80 70 60

f1 (ppm)

90

CL B0

Pr'S0T —

TTTTIT ~

100

110

€97t

LoiQTT

VCOFF
v6'6TT =~
99'€7T —

80°€EET —
¢SEET va
LG°8ET —

9b'8ST —
0b'C9T —

N
N7

OMe

10e

OMe

170 160 150 140 130 120

180

121



+-0.2

PCy2

/1]

/1]
OMe

N
x N7
4i

OMe

!

Wmm.h L
Tv.Nﬁ i

Eyyee

= 61'¢

=oge

=811
=901

FL0°T L

0.0 -0.5 -1.0

0.5

2.0 1.5 1.0

2.5

3.5 3.0

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

f1 (ppm)

122



123



- 2.0
-3.4

-3.2

-3.0

-2.8

-2.6

-2.4

2.2

- 2.0

-1.8

1.6

1.4

-1.2

-1.0

0.8

0.6

-0.4

0.2
faWa

--0.2

--0.4

--0.6

-10

69'9¢ ./.

S0°/¢
6¢'LC V

10

20

95°6¢
+8°0€
L6'CE .\.

+9°SS
69°'SS

40

50

60

70

80

f1 (ppm)

90

S0'66 —
TH'S0T —

8L TTT ~L
21T~

£L8'8TT
€6'8TT
bTeETT —

LEET ~_
10°8€T

£9°8€T V
96'8€T

OMe

I
I

130 120 110 100

140

€8'8ST

OMe

170 160 150

180

124



125



LY-K-59-2

25.99

PCy2
= —
>~ _N /)
OMe
4i
OMe
e

- T T — -  — T 2 T - T T — T ™ T T—TT T T T 1 T s T ¥ T . T .2 - T - T T T -
120 110 100 ag 80 70 60 50 40 30 20 10 -10 =20 -30 -4 -50 -60 -70 -80 -0 -i0p -119 -120

0
f1 (ppm)

126



-3.4

-3.2

- 3.0

-2.8

-2.6

-2.4

2.2

2.0

1.8
1.6

1.4

-1.2

1.0

0.8

0.6

-0.4

0.2

0.0

--0.2

Y€
SL'€
94°€ 1
9L'€ 1
€8°€
+8°€
S8°€
S8'€
6+°9
619
059 7
159 1
159 1
159 1
759 7
<59 7
859 1
6579
T9'9 1
29'9 7
€99 1
£€9'9 1
99
+9°9
049 7
049 7
TL°9

TL°9 7

—=€C€
B6re

M\.oo.ﬁ

e — R
= X

160

0'T

£60'9
/S0'T

65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 00 -05 -1.0
f1 (ppm)

7.0

OMe

=60

Byr

9.5 9.0 8.5 8.0 7|5

10.0

127



128



+0.50

-0.45

—0.40

+0.35

+0.30
+0.25

+0.20

+0.15

~0.10

0-00

~0.05

--0.05

19°SS
€9°'SS

§8'86 —
8€°'50T —

80°¢CIT —

8v'811 7
€1°02T
(8ce1 "
SE'8ZT ~_
L8'TET
8p°ecT W
98°€ET —
Th'8eT

A

-10

120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

130

€9°'85T —
T€C9T —

170 160 150 140

180

129



130



LY-K-62-2

LY
ol
[

—-3122

100

90

80

70

20 10 a -10 -20
f1 (ppm)

131

-30

-40

-50

-60

-70

-80

-90

-100



o

LW

N /N
OMe
f

MeO

ST°E

NETE

5
f1 (ppm)
132

10



66'55
069"

L8TTT
T6'cTt
8L'9T1
mw.@:/

IR 11 ENE
S981T -~

S.omﬁ\
om.omﬂ\
4234

Sh'TET —

81'9ET —

L8°T8T ~
L6'EST—

A,

N
N

OMe

of

MeO

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

180

133



N N
OMe
of

MeO

=€6'C -

66

00T F

0T
H\.No.H
0T

H/Nm_o i

5760

f1 (PRy)




1095~
5795

8T'EL—

L(an
L6911 ./.

81°0Ct

S6°€CT .\.
9eeeT —
Tr8ET—

8E'TST —
voEST—

N
N7

OMe

10f

MeO

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

180

135



N 4 9 @ © N Y ;N ¥ MmN o O O O N Y ¥ MmN o g =
o N N — — — — — — — — — — o o o o o o o o o [« 0_
PR BT | 1 | | 1 | I | | | 1 1 | I | | I | 1 1 1 1
<
i
1
1n
o
1
_ Qe
T o
1
o
3 o
k i
/ M wThw.oﬁ
n
|N.|L .
- 61T
<
o
— — Fuat
n
o
Q
[+2]
wn
[s2]
1 =867 |
>
=77t
Q
<
~~
€
rD.p
<&
—
Y
Q
n
n
n
<
(o]
1n
— —— =101 QS
20T
~ H\S.o.
— ] ST | 2
— —a =60 ™
= “
~N
— E————— Twm.o
3 VU T F
N
> o
[ee]
Q =z
AN
n
= @] ®
(O]
= = o
/ ¥ @
n
(o))

10.0

136



137



o n o N o n o n o
< ™ ® N N — — o S
o o o o o o o o o
1 1 1 1 1 1 1 1 1
. o
= -
W Qo
IWMH ]
2 g
— r N
mn.rN.u/v- ——a F
8T’ LT = | o
B.mN\ ”M
ﬂw”om\ — =
66'C€ = °
W a
= L3
68°SS ~_ —=
95795 " K o
- O
o
w i -
e
a
g
! L &
o
m I 0
i
00°ZTT =
0E'ETT / -
80°9TT N e R
€0'8TT W
. N\ o
p8'811 = I
0Z'6TT \ W —
6021 \
bb Tt \ . o
6b°GCT -9
D
S8'LET ~ = — =)
€161 @) — - Y
N
= V\/
(@) = | o
M
06'TST — DI / /V\/\\ﬁ IM —
00'bST —
zZ O Wu o
V x 2 = |-
\ / ¥ =
— (e}
— B N
= 5
IW 2
i
T

138



S 0o
2583

-3.0

O

~Y2

-2.8

A\
~

%
Zf\

-3.2

-2.6

-2.0

MeO -1.8

16
-1.4
1.2
-1.0
Lo
-—0.6
04

-0.2

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
50 140 13Q 120 110 100 90 80 70\60\ 50 40 30 |20 10 O -10 -20|-30 r40 -50 -60|-70 -80 -90 -100 -110 [-120 -130 -140 -150
f1 (ppm)

139

--0.2

L-0.4



PPh,
N /N
OMe
| S g

MeO

80°€ -
N0'E

cho.H L
60
s
I\.om.o -~
6'S
=96'¢ |

60




66'S5~_
9€'95 "

Leat
16°CTT
€L9TT
Lot
8’811
€5°81T
8e'0CT
wo.vﬁ/

om.wﬁ/
Hm.wNﬂ/

Ly'EET
¢9°eeT
ELLET

66'LET
8T'8ET
441!
9L°8ET
b8'8ET
S9TST ~
b6'€ST —

PPh,

N
N7

OMe

MeO

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

180

141



-N-28a E
PPh,
/ -
N
x~ N
OMe
4]
MeO
|
i
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
90 80 70 60 50 40 30 20 10 140 -10 20 -30 -40 -50 -60 -70 -80 -90

f1 (ppm)



6L°€
LLY
8L'b
59 1
59
95°9 §
G589 1
£8°9
ST
ST/

—

9T,
91", A
91", A
91"/ A
yAWA

LT,

LT
8T°L
8T°L 1
8T°L 1
8T°L 1
YL
ST/ A
9¢' LA

A-WdO40dOTHD LT°L
WL
[A A
L
€L
€L
YL
YL
vr'L
vl
€9°L
¥9°L
S9°L
99°L
99°L
L9,
89°L
Lb'8
8’8
84’8
6v'8
6v'8
6v'8
6v'8
05’8
0s'8

|

ne

J

OMe

Feot
Rort

Kot
0T

-1.0

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 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

10.0

143



1.1

~1.0

0.9

—0.8

—0.7
0.6

—0.5

0.4

—0.3

~0.2

—0.1

E0Sy—

pO95—

01—

BSIT—
s
BEeEl
B 0El—

T89E[—

S8k —

{EST~,
551~

Zresr—

OMe

MeO
8g

ZT

N

-20

-10

170 160 150 140 130 120 110 100 90 B0 70 60 50 40 30 20 10
F1 Famml

180

144



L 14

13

F12

11

- 10

—=

-1.0

T
-0.5

0.0

0L'€

L€

:u.og

£6°9
¥5°97

=109

Froe

=80

9.5

T
10.0




146



-5.0
-4.5

-4.0

-3.5

-3.0

-2.5

-2.0

1.5

-1.0

-0.5

n_n

01°0 —

-10

10

30

40

t0°9S

50

70

GRAO20dOTHI V65
Ad-WJ4040d0THD 02 4L w
A-WdO40d0THD Sb 4L

80
f1 (ppm)

90

100

90401 7~
Zb'201 —
0LTTT ~_

110

PEBIT ~\
88°6TT ~
15T
15T

CLOET ~\
CS'TET —

120

130

STCZeT

16°6ST —

OMe

160 150 140

170

180

147



OMe

MeO

109

) LT

Il

=009

't
01'e
0t

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
ppm

8.5

9.0

9.5

&6 Rh=—

L —

BE'ENT—
ET90T—

T£ET —

ETBET—
LBBTT—"
FEEET—

OT'ZEI~_
SZET—
azber~"

ELBS]—



I 55—

el —

AHENT—
Erant—

FLETT—

EVBTT—
LBETT="
PEEET—

BIZEL~
SIZET—
azpEr~"

ELB ST

LY-K-132

OMe

MeO

10g

2

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 an 80 70
f1 (ppm)

200

149



oo

—-0.2

Wmm.m 3
TN.NH r

Eoger

8P O

65 60 55 50 45 40 |35 3.0 25 20 15 1.0 05 0.0 -05 -1.0
f1 (ppm)

7.0

7.5

SO UT

8.0

8.5

9.0

10.0 9.5

150



151



~-0.2

10

90'9§ —

70

T
8(

T
90
f1 (ppm)

T
100

110

OMe

/

T
130

T
140

Yp

A

PC

~—

T
150

NI\

4m

TT°09T —

e
N7

Me(

T
170

T
180

152



153



-26.48

O

4.0
38
36
34
32
3.0
28
26
24
22
2.0
18
16
14
12
10
0.8

0.6

T T [ T T T [ T T T T[T T T T T T T — T I~ T T [ T[T [T T[T T T T T T T T T 1T
50 140 130{ 120 119 100 90 8p | 70 (60 50 40 30 20 \]}\(0 -].IO -20 -30 -40 -5p [-60 -7 -80 -9p -100 -110 -120 -130 -140 -150
f



— ==

FS0'T
=0T

-1.0

-0.5

0.0

0.5

2.0 1.5 1.0

2.5

3.5 3.0

4.0

5.0

5.5

6.0

6.5

f1 (ppm)

£86'0

F209
00T

7.0

7.5

4n

Tsoe

9.5 9.0 8.5 8.0

10.0

155



156



o
— o)) [ee] ~N O n < (s2] [a\] i [«
1 1 1 1 1 1 1 1 1 1
o
-
;
— - ©
o
]
o
B r N
o
r ™M
o
r <
o
r
£1°95 —
o
- r O
o
-~
—
o
— 8)
1S
Q
(=1
R
i
o Y
r o
(=]
L ©
i
8501 B
25201 " 1 9
8TTIT ~_ _ —
8b'8TT
ON.OQ/
[aNoxa: / — o
Nm.wﬁ/ E— - S
01°'82T /
om.mﬁk -
9C8Cl o
¥8IET )
pSEET Q —
69'€EET 7 —
YO'SET 77 — o
65 ZET -
68°LET
bLo8ET Wu
e 2
~ I~ -
N
o
o
20°09T — L9
[=
@) <
\ = B
i
o
I O
i

157



&
3
| 2500
PPh,
/ -
>~ _N /)
OMe L 2000
MeO
4n
| 1500
| 1000
| 500
0
T T T T T T T T T T T T T T T T T T T T T T
00 90 80 70 60 50 40 30 20 -10 -20 -30 -40 -50 -60 -70 -80 90  -100

0
f1 (ppm)

158



- 15

L 14

-13

F12

F11

-10

88'€

OMe
OMe

OMe

8h

ZT

~N

F/0c

=E260

-1.0

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 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

10.0

159



160



7.0
-6.5
-6.0

5.5

-5.0

L 4.5
L 4.0

-3.5

-3.0

-2.5

-2.0

1.5

1.0
-0.5
0-0

--0.5

-10

30 20 10

40

€Sy —

6095 —

00'T9 ~
6419

A-W40O40d¥0THD S6°92 \
A-Wd040d¥0THD 0C°LL w
A-WdO40d0OTHD 9p°LL

9°L0T —

£L8°8TT —
cocen
9rzer
8L°9CT —

CL9ET —
S8'TYT —
TT6bT —
98°CST ~

¥G'9ST
8T°LST V

£L6'¥9T —

OMe
OMe

OMe

|

-

AN

150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

160

17D

180

161



-11
- 10

10°0-
10°0-
10°0-

100
T0°0

PS'€ =€’

16°€ -8C€
96'€ Mu e

—_— —me=| EggT

. — —— g AN
129 .
189 -7 _ ————] =860

_— el =060
——— =860
480

F00'T

Q-WY040d0THD 9€°
£bL _
vbL
vbL
SbL
b
b/

OMe
OMe
OMe

N
N
9h

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

162

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0




163



1.7
-1.6
1.5
1.4
1.3
1.2

F1.1

1.0

-0.9
-0.8

0.7

0.4

-0.6
-0.5

+0°0- \V

00°0-

10

§\0Me

OMe

~—

30

98'€S —

9h

¥6'98 —

£6'09 —

A-WAO4OUOTHD 86°£L \
A-WAO4OUOTHD v¢'8L w
A-WAO4OUOTHD 0S°8L

50

70

T
80
f1 (ppm)

T
90

66'£0T —

T
100

110

68°TTT —

oTL1T —

T esT—
6/4'¥ST —

T T
140 130 IEO

T
150

T
160

T
170

164



-1.7

-1.6
- 1.5
-1.4
1.3
1.2
-1.0

oy

1.1
L 0.9
L 0.8
0.7
L 0.6
L 0.5
L 0.4
0.3
0.2

+-0.1

00°0-
00°0 _
T0°0
00

d-WAJ040dOTHD 6C°L
6C°L
€L
€L
€€ hm\

'€
0°€

<ot
oz

60T

Foot

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
f1 (ppm)

10.0

165



N
N

OMe

OMe

10h

OMe

166



12
F11

- 10

b1°98 —

€19
mm.ﬁwv

8'CL ~L
Q-WYO4OUOTHD S0°LL /
Q-WAOH4OUOTHD TEZLL
Q-WYO040dOTHD 95°2L

68°£0T —

vezrr
£6°'STT —
£L0°8TT
61°021
09°€7T —
06'92T ~_

PO'EET —

€0°8ET —

€6°THPT —

T8 TIST —
86'PST —

N
N7

OMe

OMe

10h

OMe

110 100 9 8 70 60 50 40 30 20 10
f{gym

120

170 160 150 140 130

180



168



5.5

-3.5
~3.0
-2.5
2.0
1.5
1.0
+0.5

00

-1.0

-0.5

0,0

0.5

1.0

1T

(N

Fsoz

= ]
=

OMe
OMe
OMe

N
N
40

89'C

- +6°0

96°0

EF 20T

,Wom.w I

%Nm.: i

Feeef

88'¢C

060 |
€60 |

VTOOﬁ -

2.0 1.5

2.5

3.0

3.5

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

f1 (ppm)

169



170



-5.5

-5.0

4.5

-4.0
-3.5

-3.0

-2.5

-2.0

1.5

-1.0

-0.5
0-6

--0.5

-10

10

20

7992
0022 W
vo Lz
2s'62 \
z8°0¢

86°CE .\.

NJJ Jl\.u_ | . l

30

40

€298
rac

50

Oc 17

€1°80T —
ST —

IS /IT

T T T T
100 90 80 70

110

f1 (ppm)

LL°8TT —

€611

86'22T —
81°571 —
[rad

Ly LT —
66'85T -
bb'ZHT —

)Me
TOMe

| 1“1[” G

T
140

~
-

CYo

OMé\

T
150

CSCsT —
96'PST —

P(

¢
%
40 ‘|

i

T T
170 160

T
180

171



OMe

40 OMe
OMe

-26.45

32
;30
2
26
24
;22
20
19
;16
;14
;12

10

[in)

)

L -4

T T
0 -10
f1 (ppm)
172

-20

-30

-40

-50

-60

-70

-80

-90

-100



173



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

1.5

1.0
0.5
0

--0.5

06'€ N\
86°¢€

6L
08 vV

597
LT°LA
LT°LA
8T/
81°L 7
8T°L
8T°L
6T°L
6T°L
YL
veL 1
PELA
SELA
S€'L
9€L
Q-WYO40YOTHD 0F"£

€9/ /
v9°L
S9°L _
S9°L
L9°L
JAWA
6L°L
95°8
JAR:]
LS°8
JASR:]
JAR:]
85'8
85'8
85°8
L6°8
86'8
66'8

|

]

OMe

OMe

ZT

_N

/85T

0.0

0.5

2.0 1.5 1.0

2.5

3.0

3.5

OMe

e —

TL'C

860
— F46'0

— FS60

=880

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

174



LTSy —

A-WAO40HOTHD $T°LL \
A-WIO40HOTHD 6€°LL w
A-WIO40HOTHD §9°4L

L5796 —

98°CTT ~
96'€TT

£€6'1¢CT
ST'Cet v

TL9ET —
ETEPT —

oT'6vT —
SECST ~—
£6°CST 4
TS°LST ~

0T°S9T —

OMe

OMe

ZL

_N

OMe

A

A

-10

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100

180

f1 (ppm)

175



59 E—
08 E~_
2 o

09
'3
Er'9

5y
_“_m.mufr

88
299
£9'9

L0f=—
9ed
gy
b~
EGY
¥aL

OMe

OMe

MeO

9i

AV

Feie
- EDE

Fsee

0.0

8.0 73 7.0 6.5 &.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

8.5

8.0

9.5

ppm

176



Br'os
o man
95

bEb—

2R'ERT—

08057~
RIS

N
N

OMe
OMe

MeO

9i

[

A

el

170 160 150 140 130 120 110 100 ag 80 70 60 50 40 30 20 10
ppm

180

177



Lr-k-111

OMe

OMe

MeO

10i

A

A

M

Erot
Eezot
Feot

me.ﬁ_
Fsar
wﬁai

‘Yﬁh.m

1.0 0.5 0.0 -0.5

1.5

9.0 8.5 8.0 7.5 7.0 6.5 &.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

9.5

178



95
1595

ER Ei—

EE'{6—

a5 60T~
PRI~
aUEIT—
BERTT—
Tongr—
SEERT~_

EFRE] =
TSBET—

EGEPT—

BT 16T~
SLIST=T

N
N7

OMe

OMe

MeO

10i

Voot b ot Lol

180 170 160 150 140 130 120 110 100 o0 80 70 &0 50 40 30 20 10

190

ppm

179



@ @ N © 1n < M N — 9
o o o o o o o o o [«
n 1 n 1 1 1 1 n 1 n 1 n 1 n 1 n n
R—
MMI\U Wmm.m I
-ql"l}L
|MIIU Tm.mﬁ I
\A\J Fsver
m,w\ z0€ |
T 8b'E
B 6e€
=]
(8°¢ N c—] P11
88°€ —_ A zar
68°€ ~ = ka1
68°€
96°€ —~ — 0T
16'€
86°¢ o S m—
05°9
15°9 ~ S —] F o901
759 ~ O ) =m— o1t
59'9 N >
99'9
€9 nWJ O
) a Z
9,9 N
S0,
Q-WHO40UOTHD TEZ O o
6S°L Z O §
09°2
bLL =
9Lt

-1.0

0.0 -0.5

0.5

2.5 2.0 1.5 1.0

3.0

3.5

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

f1 (ppm)

180



181



< N Q @Q w0 < N < «© © < N < @ w0 < N Q
™M (s0] (s2] o o (o] (o] o~ — — — i — o o o o [a:
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o
Al
1
o
o
r= —
o
(o]
£9'92
200\ |
sTz

7

67 /F
79'6¢

€8°0€ .\.

S0'€€ .\.

30

40

50

al J3

8795
86'9S s

60

70

-WHOAOYOTHD 9692~
Q-WHOJOUOTHD 2244~ =
Q-WHOHO¥OTHD Lb°LL 8 m,
8
&
o%
(o))
0v'86 ~— [ )
10°00T — — S
ST'TTT 2
~ j—— —
€6'TTT — —
69'STT ~
SL'8TT .
Z8'811 i I
L0°6TT 7 S
ocgzr
R
i
O
. — _3 o
29'8€T w ) 5
89'€pT — N =
> = @) °
YO'TST ~ % pd \ - a
SE25t H
N
\\ / N—X\
\ N O a 3
o < —
) =
N\ //
N\ 7/ <
i

180

182



183



OMe

MeO
4p

OMe

-25.85

450

400

350

300

-250

200

-150

100

- 50

--50

150

300

250 200 150 100 50

T
0
f1 (ppm)

184

-50

-100

-150

-200

-250

-300

-350



~7.0

-6.5

-6.0

L 5.5
L 5.0
4.5
L 4.0

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

04°€"
TL€
TL°€
(7%
cLe
€8¢
€8¢
¥8°€
8¢
¢6°¢E
£6°€
P6°€
059
059
169
15°9 1
59 1
759

OMe

MeO
4

E€6'C
=06'7
567

T0°T
=—£0'T

8670
=00'T
10°T

06'C
=001

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

185



186



© v 9 v 9 1;»m 9 v 9o v o W 9o n g
[ (o] X n n < < (o2 ™ (o] (ol — — o D
1 1 1 1 1 1 1 1 1 1 1 1 1 1
—_— o
o
i
o
(o]
o
™M
o
T
o
N
S1'95
9°95 AN
85°95 3
o
[
U"WaU3uvauU THI 78 9L
Q-WHOJOUOTHD 60'2L = o
Q-WYO40dOTHD §€°2L ©
~
£
Q
2e
i
Y
£9'L6 — —1To
88'66 — — S
o
i
$0'TTT ~L N
65°STT
0v'8TT W ||
[ANITAENG i 4
z6'€TT —
01'821 -
07'821
TEEET R
Ly EET —
IE7ET
29'LE1 —
1| o
81°8cT -~ 3 T
LY EPT — () —
= () o
20'TST ~ o O s — a
S6'1ST e e) i
o
o< 3
/%’/ 9
z g
= o
> [
i

180

187



188



OMe

MeO
4q

OMe

30.09

- YUuu

4500

4000

3500

3000

2500

2000

1500

1000

500

--500

260 240 220

200 180 160 140

120

100

T T T
0 -20
f1 (ppm)

189

-40

-60

-80

-100

-120

-140

-160

-180 -200 -220

-240 -260



-8.0
7.5
7.0
-6.5
-6.0
-5.5
-5.0

L 4.5

-4.0

-3.5

-3.0

-2.5

-2.0

1.5

1.0

-0.5
fa)

--0.5

10°0-
10°0- W.
000

OMe

N
N7

_88'€
16"

159 1
1591
7591
75799
€579
59
579 1
59'9 4
§9'9 1
99°9
99°9 1
999 L _—
89°9 ~% —
89'9
66'9 \_
LTL
1324
wL
wL
€L
'L
'L
Q-WIO40YOTHD 05°Z

57’8 .
57’8
97’8
97’8

OMe

MeO

i

“'\ il

9'S
8°C

F00°'T
F00°'T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f1 (ppm)

10.0

190



110
-100

--10

90
80
~70
- 60
- 50
-40
- 30
20
-10

06°'SS

10

20

30

40

50

T1°9S
T£°09 —

A-WAO4OdOTHD 8€°LL \
A-WdO40dOTHD +9°4L w
A-WdO40d0THD 68°LL

v1°G0T —

80°ETT —
£5°8TT

£9°8TT AN
61°02T =
9z’ 1T /
¥L°STT —

8V TET —

[87LET ~
6£'8€T -~

€5°€ST —

60

70

80
f1 (ppm)
191

90

100

110

OMe
140 130 120

OMe

150

MeO
160

N
N7
9j

170




OMe
OMe

MeO

10

LY-M-4

e

[ Lk

w,.E_.H
ot
preeT

Tosa

Tnﬁ_.ﬂ

* &e |

0.5 0.0

1o

9.0 85 8.0 7.5 70 6.5 6.0 5.5 5.0 45 4.0 a5 3.0 2.5 2.0 15
f1 (ppm}

9.5

10.0

192



O 95—

o 09—

98’ Ef=—

SES0T—

L0ETT—
LEBTT—
LE0ET—

P8 b
DLFET—

S EEL—

IR BET~—
DEDFT—"

09°esl—

N
N7

OMe

10

OMe

MeO

T
10

40

T
B0

f1 (ppm)

I
100

! I
130 120

I
140

I
160

170

193



-2.8
-2.6

-2.0

-1.8

-1.6
1.4
1.2
1.0
0.4

0.8
0.6

--0.2

Q-WJ040dOHD ST'L 1
L, .
1LL @
€L, ]
€L,
€1'8 ]
€18 7

[/

PCy2

™

—

wON.w L
Tv.NH i

Fecet

61 |
X 09

60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0 -05 -1.0
f1 (ppm)

6.5

———

OMe
OMe

4r
MeO

00T

/(80

9.5 9.0 8.5 8.0 7.5

10.0

194



-2.8
-2.4

-2.6

-2.2
-2.0

-1.8

-1.6

1.4

1.2

-1.0

0.8

0.6

0.4

--0.2

900 —

-10

10

20

ald
1

30

50

795

10°T9 —

A-WIO4OHOTHD ¢6°9L \
A-WAO4OHOTHD LT°LL w
A-WIO4OHOTHD €b°LL

T
70

T
90

f1 (ppm)

T¢°90T —

OT°E€TT —

10

Y2611
LH'6TT
e

66°SCT
91°9¢T V

T
120

0

S8'8ET
E€T°6€ET V

~OMe

T
140

98°6€T

8L°€ST —

OMe

T
150

Cys
A

N7

X

4r

MeQ

T T
170 160

T
180

195



4r

MeO Ol

-25.54

-—8.0
75
7.0
-6.5
-—6.0
;5.5
50
;4.5
L 4.0
35
;3.0
;2.5
L 2.0
1

-1.0

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
80 70 60 \5(7\ 40 30 20 \g 0 -10 -2( -30 -40 -50 -60 -70 -80 -90 -100
f1 (ppm)

196



-4.0

-3.5

-3.0

-2.5

-2.0
1.5

1.0

-0.5

ﬂ_(\

| _z8's

-1.0

0.0 -0.5

0.5

2.5 2.0 1.5 1.0

3.0

3.5

™

158°C

E46'0
ot

M =T

- £¢8'S
0°T

70 65 6.0 55 50 45 4.
f1 (ppm)

V.5

OMe
OMe

4s
MeO

F8¢€

—=00'T

9.5 9.0 8.5 8.0

10.0

197



-2.6

-2.0

1.8

-1.6

1.4

1.2

-1.0

0.8

-0.6

L 0.4
0.2
faWal

-10

30 20 10

40

8495 —

80°T9 —

50

70

80

ST'90T —

6L ETT —

8T'6TT ~\_
9'0CT ~
LT —
6G°SCT ~

(1921
be'8TT
EbEET

8G'EET
SO'LET ~

L6'LET T
S.mmﬁ\

89°0¥T

LLEST —

B\OMe

OMe

150 140 130 120 110 100 90

160

f1 (ppm)

PPh,

N
N7

4s

—

MeO

170

180

198



4s OMe

MeO OMe

=29.94

=

~80
73

-70

-35
~50
45

~40

40

30

T 3 T ¥ T 5 T ¥ T
20 10 0 -10 -20
f1 (ppm)

199

-30

-40



L 45
L 40

-35

30

-25

- 20

-15
- 10

—00¢

10°C

L9°€ —

10°Z
20°L A
0L~
90, ~—
L0°L 7]
Q-WYO40dOTHD 80°Z 7
AV
[AVE
€1,

T

Me

Me

OMe

13

T
I £°C
— »vm.N
o T

M/.S.ﬁ

f1 (ppm)

11 10

12

200



- 2u
-19
-18
17
-16

-15

L 14

13

12

-11

- 10

SL°0T

79’8 —

A-WHO40HOTHD TT°4L \
A-WAHO40dOTHD LE74L w.
A-WAJO40dOTHD ¢9° 4L

STTTT —

86°0CT —
€Lt

I\

89°8¢T
18°6¢T
€6°0€T
¥8'9€T
¢S'8ET

SECN

18°9ST —

Me

Me

OMe

13

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

220

201



7.0

-8.5
-8.0
-7.5
-6.5
-6.0

-5.5

-5.0

L 4.5

-4.0

-3.5

-3.0

-2.5

-2.0

1.5

-1.0

--0.5

9d-0SWa 9t°'¢
9d-0SWa 9t°¢
9d-0SWa L+'¢
9d-0SWa L+'C
9a-0SWa £¥°C

CN

OMe

14

T

=T16'C

—~€0°T
=101

Azt

5
f1 (ppm)

11 10

12

202



o
— [e)} [ee] ~N (e} n < ™M o —
1 1 1 1 1 1 1 1 1
o
[o\]
1
o
Ll
1
o
o
i
o
™~
9Q-0SIWa 95°6€ R
9Q-OSWA £2°6€
9Q-0SIWa 68'6€ o
9Q-OSWa 90°0 2
9Q-0SIWa £2°0
9Q-OSWa 6€°0% 5
9Q-0SIWa 95°0 A
£095 —
(=]
O
o
~N
o
[¢s]
()
[e)}
L)
e
o Qa
o Q
i
Y
. S
$O0TT —~ =
£peIT —
05°61T ~ 9
6bTCT — N
£b'821
o
SO0 A
TL°0€T .\\
£6'0€T \ °
b2t ¥
65°EpT —
J
n
i
19957 — o
et
o
~N
i
o
[¢s]
Ll
o &
= g
(@)
N =)
Q
& N_ /7 \ «
O - o
- Ll
o

220

203



L 4.0
3.5

-3.0

-2.5

-2.0

1.5

-1.0

0.5
fa)

al

N

A-WAO4OUOTHD 8¢'Z 1
6C°L

6C°L-

NH,

MeO

15

l

|

lg4
Eyy

0'C
9'C

f1 (ppm)

11 10

12

204



[sg] (o] — o )] [¢2) ~N O n < (a2} o — o
o o o o — — — — — — — — — — [e)} [e0] N (o] n < (+2] o — (@
| YR (NI NN (NS ISU NS ST S S S WU ST T N T ST [T ST ST S T ST S |
o
N\
o
i
)
000- — -— ©
o
i
o
[o\]
o
(2]
o
<
o
n
15'S§ —
o
©°
N o
~N
Q-WAOJOYOTH £6'9L
A-WYOH0YOTHD 6T°2L 7 —— o
A-WIOH0YOTHD 2L @
(=]
)
-
£
o Q
o Qa
=
i
Y
ST'TTT o
Vm.m:” -
81'8TT
No.ﬁﬂ// o
08'¥CT \ N
12°8¢T
mm.mﬁ/ o
£8'82T — []
860ET
ozmﬁ\
o
<
i
T bbT — e |
R
i
65°9ST — 3
i
Nl
o
I N
Z
o
@
i
n
L o =}
<}
i
o
O S
()
= °
i
o

220

205



L 3.4
3.2
3.0

-2.8

-2.4

-2.6
-2.2

-2.0

-1.8

-1.6

1.4

1.2

1.0

-0.8

-0.6

0.4

0.2

0-0

--0.2

0T°0
:.OW.
170

ZF T

96'€ —

Q-WHO40¥OTHD 6T°Z
€z

|

Feos

Me
OMe
OMe

Me

16

960

koouﬂ

5
f1 (ppm)

=101

10

11

12

206



80°9T —

0118 —
¢§°SS —

6€£CL —

£8°90T —

20°8TT —
9’611~
§§'ceT —

PEOET ~
9L TET —
Legs1 "

€LTPT —

8rT —

Me

Me

OMe

OMe

110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

120

16

Ll

190 180 170 160 150 140 130

00

207



-5.5
-5.0

L 4.5

-4.0

-3.5

-3.0

-2.5

-2.0

1.5

1.0

--0.5

A-WAO4OUOTHD ST°L b;
S¢L

Me

B

L

9079

=b0'¢

PN
Me

Me

X _OMe

= \OMe

17

SLC

=10'€

01
224
70T

5
f1 (ppm)

11 10

12

208



91’0 —

89°07 ~_
ve1e "

¥8'6G —

62°09 —

YoLL—

11T —

90°€eT —
90vzr 7
£0'82T —

LO'SET ~_
LE'9ET ~
gooe1

T9°9pT —

L0°€ST —

Me

Me

Me

OMe

OMe

17

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

00

209



w )] [ee] ~N (o) n < (a2} i g
1 1 1 1 1 1 1 1 1
20°0- — — -+
J
= Z o
o \ O «
88'9 — — —1 oot
15°L _ = .
4 > 07
68'L — _— — == T
118 — ~— —_—] o0t
08'8 — —_— — Foot

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

5.0 4.5
i

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

).0



-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

1.5

-1.0

~0.5

~-0.5

--1.0

600 —

€6'9L —

T L0T ~
8%'80T —

ETLIT —
T19'61T —

91'9¢T —

9L'6ET —
LEEPT ~_
89'vPT —

£9°CST —
LT'SST —

80 70 60 50 40 30 20 10

90

100
f1 (ppm)
211

190 180 170 160 150 140 130 120 110

00



- 14
13
12

11
-10

€0°0 — R

i\
wlL— /J ——
68°L — /J _ R

o _— =
)

gL

s

0°¢C

6'T

6'T
0°¢C

2.5 2.0 1.5 1.0 0.5 0.0

3.0

4.0 3.5

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

212



_~149.06
~-147.89

_-134.10
~133.10

123.57

77.92

—-0.15

42
24
23
22
21
20
19
|18
L 17
16
15
14
13
12
L 11
10
Lo
8
L7
L6
s

L4

00

190

180

170

160

150

140

130

120

110 100 90
f1 (ppm)

213



[¢)] [oe] ~N (o] n < ™ o~ — o
— — — — — — — — — — (o)} [oe] ~N o n < ™ o~ — (@ '
L, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1
20°0-—
— J
o
N
[ I.v
sez’ — i,
LS°L— _— —_— 801
8L°L 17
16'8 — Froe
€16 — — [

0.0 -0.5

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5

).0

214



14

13

12

11

-10

86°TeT
£o221 \
2T ver —
81°s7T \
os'szr /7
89'8T

ST'OET ~
66T

STopT =

S6°€ST —
L8°LST —

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

00

215



O < o o [e) X} < o~ o [e0} O < o~ o o~
™M ™M [42] (s2] [o\} o~ o~ o o — — ~— ~— — h
n Il n Il n Il n Il n Il n Il n Il n Il n Il n Il n Il n Il Il Il n Il n
€0°0- — r
\
/ =
) \ N
PO L~ .
- L
90, 00T
veL— —_ /60
98°L .
N
18°L 60
9z'8 .
— I
178 76'0
£9'8 —— .
80'8 F€6'T

0.0 -0.5

0.5

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 1.5 1.0

9.5

).0

f1 (ppm)

216



-18

17
-16
-15
-14
-13
-12
-11
-10
-2

7o —

€CLL—

TL8TT —

72971 ~_
b LTl —
go'ger -

SO'THT —

TELST —

£6°T9T —

80 70 60 50 40 30 20 10

90
217

130 120 110 100
f1 (ppm)

140

150

180 170 160

190

00



218



