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1. General considerations

Commercial reagents were purchased from Sigma-Aldrich, Strem, Alfa Aesar, or
Oakwood and used without further purification. All solvents were purchased from Caledon,
ACP, or Fisher. Toluene was passed through two columns of activated alumina and degassed
by three freeze-pump-thaw cycles prior to storage in the glovebox. Dioxane was distilled
from CaH,. Syntheses of starting materials were conducted under N, or Ar unless otherwise
stated. All catalytic reactions were conducted in a nitrogen-filled glovebox (Grade 5.0).
Reactions were monitored by thin-layer chromatography (TLC) on EMD Silica Gel 60 Fjs4
plates under UV light (254 um) or gas chromatography (GC) on an Agilent 6890N Network
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GC instrument equipped with a flame-ionization detector (FID) and HP-5 column (30 m
length, 0.32 mm inner diameter, 0.25 um film thickness). Organic solutions were
concentrated under reduced pressure on a Biichi rotary evaporator.

'H, "D, BC{'H}, and ""F NMR spectra were recorded on a Varian Mercury 300, Varian
Mercury 400, VRX-S (Unity) 400, or Bruker AV-III 400 spectrometer at ambient
temperature. All NMR spectra are referenced to TMS or the residual solvent signal. Data for
'H NMR are reported as follows: chemical shift (§ ppm), multiplicity (s = singlet, d = doublet,
t = triplet, q = quartet, m = multiplet, br = broad), coupling constant (Hz), integration. Data
for "C{'H} NMR are reported as follows: chemical shift (5 ppm). Data for '’F NMR are
reported as follows: chemical shift (6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q
= quartet, m = multiplet, br = broad), coupling constant (Hz), integration.

Mass spectra (MS) were recorded on a Sciex Qstar Mass Spectrometer. High resolution
mass spectra (HRMS) were recorded on a micromass 70S-250 spectrometer (EI) or an
ABI/Sciex Qstar Mass Spectrometer (ESI). Infrared (IR) spectra were obtained on a
Perkin-Elmer Spectrum 1000 FT-IR Systems. Melting point ranges were determined on a
Gallenkamp melting point apparatus (uncorrected). Column chromatography was carried out
on Silicycle Silica-P Flash Silica Gel (40-63 um). Preparative layer chromatography was
performed on EMD Silica Gel 60 Fys4 plates (254 um).

All starting materials were synthesized from 2-chloropyridine, 2-chloropyrimidine, or
3,6-dichloropyridazine and the corresponding alcohols according to literature procedures.?
Starting materials 1a,"* 1b," e-f,! 1g-h,* 1i,*> 1j,° 11,"° 1m,"° 10," 1r, 1w,* 1t,' 12,° 1aa,’
1gg,1 1mm,’ 3d," 3g,10 5b,' 5¢,' and 5d' are known compounds and were identified by NMR
comparison to reported data. 3-(Benzyloxy)-2-chloropyridine is commercially available.
Products 2a-b,' 2e-f,' 21, 2m," "' 2r,' 2t,' 2v,"* 2z, 43, 6a,'* 6d,' and 6f° are known

compounds.
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2. Experimental procedures

General procedure A: Catalytic O- to N-alkyl migration of 2-(benzyloxy)pyridine (1a)

In a one-dram vial equipped with a Teflon-coated cap was combined [Ru(p-cymene)Cl,],
(6.1 mg, 0.01 mmol, 5 mol%) and PPh; (10.5 mg, 0.04 mmol, 20 mol%). The vial was
brought into the glovebox and the catalyst was subsequently dissolved in toluene (2 mL). The
suspension was allowed to stir until complete dissolution of the [Ru(p-cymene)Cly], (~15
min.). In a separate one-dram vial equipped with a Teflon-coated cap was charged with
2-benzyloxypyridine (1a) (37.0 mg, 0.2 mmol) and also brought into the glovebox. The
catalyst solution was transferred to the vial containing the substrate by pipette and K,COs3
was added (30.4 mg, 0.22 mmol, 1.1 eq.). The resulting mixture was brought outside of the
glovebox and stirred on a heating block at 80 °C for 24 h. After cooling to ambient
temperature, 'H-NMR analysis was conducted following concentration of an aliquot of the
reaction mixture in vacuo. The target product 2a was afforded quantitatively. The resulting
mixture was passed through a pad of Celite, concentrated in vacuo, and purified by
preparatory TLC (eluent: CH,Cl,/MeOH = 98:2, v/v) to afford 1-benzylpyridin-2(1H)-one
(2a) as a thick yellow oil (33.7 mg, 91%).
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Stoichiometric studies: O- to N-alkyl migration of 3-(benzyloxy)-6-chloropyridazine (3a)

Cl Cl
| [Ru(p-cymene)Cls], O

PPh; (2 e
N\N/ o 3 (2 eq) N‘N o

K,COj, 65-75 °C
benzene-dg

In a one-dram vial equipped with a Teflon-coated cap was combined

[Ru(p-cymene)Cl,], (12.3 mg, 0.02 mmol, 0.5 eq.) and PPh; (21.0 mg, 0.08 mmol, 2 eq.).
The vial was brought into the glovebox and the catalyst was subsequently dissolved in
benzene-ds (3 mL). The suspension was allowed to stir for ~15 min. In a separate one-dram
vial equipped with a Teflon-coated cap was charged with 3-(benzyloxy)-6-chloropyridazine
(3a) (8.7 mg, 0.04 mmol) and also brought into the glovebox. The catalyst solution was
transferred to the vial containing the substrate by pipette and K,COs3; was added (12.8 mg,
0.09 mmol, 2.3 eq.). The resulting mixture was stirred on a heating block in the glovebox at
65 'C for 24 h and then at 75 'C for an additional 24 h. The reaction was periodically
monitored by 'H NMR  spectroscopy and  complete  conversion  to
2-benzyl-6-chloropyridazin-3(2H)-one (4a) was observed. Diagnostic characterization data
for Ru(3a): 'H NMR (400 MHz, benzene-ds) & 4.86 (d, J = 6.2 Hz, 1H), 4.76 (d, J = 6.2 Hz,
1H). Diagnostic characterization data for Ru(4a): "H NMR (400 MHz, benzene-ds) & 4.81 (d,
J=6.0 Hz, 1H), 4.70 (d, J = 5.5 Hz, 1H). Identification of Ru(3a) was confirmed by stirring
substrate 3a with [Ru(p-cymene)Cly], (0.5 eq.) and PPh; (2 eq.) in benzene-ds for 5 min at

ambient temperature.
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3. Analytical data

Starting materials

2-(Benzyloxy)pyridine (1a): Prepared by a known procedure.” To a 100 mL round-bottom
flask equipped with a Dean-Stark apparatus was charged finely ground KOH (3.42 g, 61
mmol) and toluene (37 mL). To this suspension was added 2-chloropyridine (2.88 mL, 30.5
mmol), benzyl alcohol (1.91 mL, 18.5 mmol), and subsequently 18-crown-6 (24.4 mg, 0.9
mmol). The resulting mixture was heated to reflux over 2 h. The solution was diluted with 25
mL EtOAc, washed with 10 mL H,O, then 10 mL brine. The organic fraction was dried over
Na,SOy, filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 95:5, v/v) to afford the title compound (94%).
Colorless oil. All spectral data are in agreement with reported literature data."* "H NMR (400
MHz, CDCl;) 6 8.18 (dd, J = 1.4Hz, J = 5.1Hz, 1H), 7.57 (ddd, J = 2.0Hz, J = 7.1Hz, J =
8.5Hz, 1H), 7.46 (d, J = 7.3Hz, 1H), 7.37 (t, J = 7.3Hz, 1H), 7.31 (t, J = 7.2Hz, 1H), 6.87
(ddd, J = 0.8Hz, J = 5.1Hz, J = 7.0Hz, 1H), 6.80 (d, J = 8.4Hz, 1H), 5.38 (s, 2H). *C{'H}
NMR (100 MHz, CDCls) & 163.8, 147.0, 138.7, 137.5, 128.6, 128.1, 127.9, 117.0, 111.5,
67.6.

2-((4-Methylbenzyl)oxy)pyridine (1b): Prepared by a known procedure.' To a vial with a
Teflon cap was charged potassium fert-butoxide (673 mg, 6.0 mmol) and dioxane. To this
supension was added 4-methylbenzyl alcohol (514 mg, 4.2 mmol) and 2-chloropyridine (380
pL, 4.0 mmol). The resulting mixture was heated to reflux overnight. The solution was
quenched with 6 mL H,O. The aqueous layer was extracted with 3 x 6 mL EtOAc. The
combined organic layers were washed with 10 mL brine, dried over MgSQOy, concentrated in
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vacuo and the resulting residue was purified by column chromatography (eluent:
hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound (60%). Pale yellow oil. All
spectral data are in agreement with reported literature data." "H NMR (300 MHz, CDCls) &
8.18 (d, J=4.9Hz, 1H), 7.57 (dd, J = 8.3 and 7.1Hz, 1H), 7.36 (d, J = 7.9Hz, 2H), 7.19 (d, J
=7.9Hz, 2H), 6.88 (dd, /= 7.1 and 5.1Hz, 1H), 6.79 (d, J = 8.4Hz, 1H), 5.34 (s, 2H), 2.36 (s,
3H). PC{'H} NMR (75 MHz, CDCly) & 163.7, 146.8, 138.5, 137.5, 134.3, 129.1, 128.1,
116.8, 111.3,67.4, 21.2. IR (neat) 2921, 1592, 1569, 1473, 1432, 1363, 1284, 1142, 987, 778
cm”. MS (ED) m/z 199 (M); HRMS (EI) m/z calc’d for Ci3H;3NO [M]": 199.0997; found:
199.0994.

2-((4-(tert-Butyl)benzyl)oxy)pyridine ~ (1c):  Prepared in two  steps  from
4-tert-butylbenzaldehyde.” ' To a 100 mL round-bottom flask was charged
4-tert-butylbenzaldehyde (2.51 mL, 15 mmol) and MeOH (30 mL). The solution was cooled
to 0 °C in an ice bath. Subsequently, NaBH4 (624.2 mg, 16.5 mmol) was added portionwise.
The reaction vessel was allowed to warm to room temperature over 3 h, upon which volatiles
were removed in vacuo. The residue was redissolved in 50 mL EtOAc and 50 mL HCI and
the layers were separated. The aqueous phase was extracted with 2 x 25 mL EtOAc. The
combined organic extracts were washed with 25 mL sat’d NaHCO;, dried over MgSOy,
filtered, and concentrated in vacuo to give the crude (4-(tert-butyl)phenyl)methanol (2.4742
g, 14.2 mmol, 95%). All spectral data are in agreement with reported literature data.'”'® 'H
NMR (400 MHz, CDCls) & 7.40 (d, J = 8.3Hz, 2H), 7.31 (d, J = 8.3Hz, 2H), 4.67 (s, 2H),
1.33 (s, 9H). The crude material was added to a suspension of potassium tert-butoxide
(1.7527 g, 15.6 mmol) and dioxane (40 mL) in a 100 mL round-bottom flask. Subsequently,
2-chloropyridine (1.41 mL, 14.9 mmol) was added and the reaction mixture was heated to
reflux over 16 h. The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O.
The aqueous layer was extracted with 2 x 25 mL EtOAc. The combined organic layers were
dried over MgSQy, filtered, and concentrated in vacuo and the resulting residue was purified
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by column chromatography (eluent: hexane/EtOAc = 95:5, v/v) to afford the title compound
(84%). White solid; m.p. 48-49 °C. "H NMR (400 MHz, CDCl;) & 8.17 (dd, J = 2.0Hz, J =
5.0Hz, 1H), 7.54 (ddd, J = 2.0Hz, J = 7.2Hz, J = 8.9Hz, 1H), 7.40 (s, 4H), 6.85 (ddd, J =
0.6Hz, J = 5.1Hz, J = 6.8Hz, 1H), 6.79 (d, J = 8.4Hz, 1H), 5.35 (s, 2H), 1.32 (s, 9H). °C
NMR (100 MHz, CDCls) & 163.9, 150.9, 146.9, 138.7, 134.4, 128.1, 125.5, 116.9, 111.5,
67.6, 34.7, 31.5. IR (neat) 3058, 2957, 2907, 2966, 1604, 1590, 1567, 1472, 1429, 1365,
1313, 1271, 1254, 983, 815, 778 cm™ . MS (EI) m/z 226 (M-Me), 241 (M); HRMS (EI) m/z
calc’d for C1sH oNO [M]": 241.1467; found: 241.1471.

2-([1,1'-Biphenyl]-4-ylmethoxy)pyridine  (1d):  Prepared in two steps from

4-biphenylcarboxaldehyde.” '

To a 100 mL round-bottom flask was charged
4-biphenylcarboxaldehyde (2.7333 mL, 15 mmol) and MeOH (30 mL). The solution was
cooled to 0 °C in an ice bath. Subsequently, NaBH4 (624.2 mg, 16.5 mmol) was added
portionwise. The reaction vessel was allowed to warm to room temperature over 3 h, upon
which volatiles were removed in vacuo. The residue was redissolved in 50 mL EtOAc and 50
mL HCI and the layers were separated. The aqueous phase was extracted with 2 x 25 mL
EtOAc. The combined organic extracts were washed with 25 mL sat’d NaHCOs, dried over
MgSO0,, filtered, and concentrated in vacuo to give the crude [1,1'-biphenyl]-4-ylmethanol
(2.6350 g, 14.3 mmol, 95%). All spectral data are in agreement with reported literature data."’
'H NMR (300 MHz, CDCl3) & 7.60 (d, J = 7.1Hz, 4H), 7.45 (d, J = 7.4Hz, 4H), 7.36 (d, J =
6.5Hz, 1H), 4.75 (s, 2H). A portion of the crude material (2.0902 g, 11.3 mmol) was added to
a suspension of potassium zert-butoxide (1.3948 g, 12.4 mmol) and dioxane (25 mL) in a 100
mL round-bottom flask. Subsequently, 2-chloropyridine (1.07 mL, 11.3 mmol) was added
and the reaction mixture was heated to reflux over 18 h. The solution was diluted with 25 mL
EtOAc and washed with 25 mL H,0O. The aqueous layer was extracted with 2 x 25 mL
EtOAc. The combined organic layers were dried over MgSQO,, filtered, and concentrated in

vacuo and the resulting residue was purified by column chromatography (eluent:
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hexane/EtOAc = 98:2, v/v) to afford the title compound (98%). White solid; m.p. 50-51 °C.
'H NMR (400 MHz, CDCl;) & 8.18 (dd, J = 1.9Hz, J = 5.0Hz, 1H), 7.63-7.50 (m, 7H), 7.42
(t,J = 7.6Hz, 2H), 7.33 (t, J = 7.3Hz, 1H), 6.89-6.84 (m, 1H), 6.81 (d, J = 8.3Hz, 1H), 5.42
(s, 2H). °C NMR (100 MHz, CDCly) § 163.7, 147.0, 141.0, 140.9, 138.7, 136.5, 128.9,
128.6, 127.4, 127.4,127.2, 117.1, 111.5, 67.4. IR (neat) 3056, 3026, 2934, 1593, 1568, 1471,
1432, 1304, 1271, 1252, 1007, 823, 780, 759, 736, 697 cm™ . MS (EI) m/z 261 (M); HRMS
(EI) m/z calc’d for CigH sNO [M]": 261.1154; found: 261.1157.

2-(3-Chlorobenzyloxy)pyridine (1e): Prepared by a known procedure.' To a 100 mL
round-bottom flask was charged potassium terz-butoxide (1.3454 g, 12.0 mmol) and dioxane
(24 mL). To this supension was added 3-chlorobenzyl alcohol (1.28 mL, 10.9 mmol) and
2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over 18 h.
The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSOy,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 95:5, v/v) to afford the title compound (92%). Pale
yellow oil. All spectral data are in agreement with reported literature data.! '"H NMR (400
MHz, CDCl;) 6 8.16 (dd, J = 1.5Hz, J = 5.0Hz, 1H), 7.59 (m, 1H), 7.46 (s, 1H), 7.34-7.31
(m, 1H), 7.29-7.27 (m, 2H), 6.89 (ddd, J = 0.7Hz, J = 5.1Hz, J = 7.0Hz, 1H), 6.82 (d, J =
8.4Hz, 1H), 5.36 (s, 2H). “C{'H} NMR (100 MHz, CDCls) & 163.4, 147.0, 139.7, 138.9,
134.5,129.8, 128.0, 125.9, 117.3, 111.4, 66.7.

=~

e

N~ O
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2-((4-Chlorobenzyl)oxy)pyridine (1f): Prepared by a known procedure.' To a vial with a

Teflon cap was charged potassium tert-butoxide (673 mg, 6.0 mmol) and dioxane. To this
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supension was added 4-chlorobenzyl alcohol (603 mg, 4.2 mmol) and 2-chloropyridine (380
pL, 4.0 mmol). The resulting mixture was heated to reflux overnight. The solution was
quenched with 6 mL H,O. The aqueous layer was extracted with 3 x 6 mL EtOAc. The
combined organic layers were washed with 10 mL brine, dried over MgSOy,, concentrated in
vacuo and the resulting residue was purified by column chromatography (eluent:
hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound (61%). Pale yellow oil. All
spectral data are in agreement with reported literature data.! "H NMR (300 MHz, CDCls) &
8.17 (d, J=5.1Hz, 1H), 7.59 (dd, J = 8.4 and 7.1Hz, 1H), 7.40 (d, J = 8.6Hz, 2H), 7.34 (d, J
= 8.6Hz, 2H), 6.89 (dd, J = 7.1 and 5.1Hz, 1H), 6.80 (d, J = 8.4Hz, 1H), 5.35 (s, 2H).
PC{'H} NMR (75 MHz, CDCl3) & 163.3, 146.8, 138.7, 135.9, 133.5, 129.2, 128.6, 117.0,
111.2, 66.6. IR (neat) 3002, 1598, 1570, 1473, 1432, 1311, 1270, 1142, 1087, 988, 809, 778
ecm’. MS (EI) m/z 219 (M); HRMS (ESI) m/z calc’d for C,H;;CINO [M+H, *CI]":
220.0523; found: 220.0525.

2-((4-Fluorobenzyl)oxy)pyridine (1g): Prepared by a known procedure.’ To a 100 mL
round-bottom flask was charged potassium tert-butoxide (1.3454 g, 12.0 mmol) and dioxane
(24 mL). To this supension was added 4-fluorobenzyl alcohol (1.18 mL, 10.9 mmol) and
2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over 24 h.
The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSOy,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 98:2, v/v) to afford the title compound (91%).
Clear oil. '"H NMR (400 MHz, CDCl3) & 8.21 (dd, J = 1.8Hz, J = 4.5Hz, 1H), 7.64-7.59 (m,
1H), 7.47 (dd, J = 5.5Hz, J = 8.7Hz, 2H), 7.09 (t, J = 8.7Hz, 2H), 6.92 (dd, J = 5.1Hz, J =
7.0Hz, 1H), 6.83 (d, J = 8.3Hz, 1H), 5.38 (s, 2H). °C NMR (100 MHz, CDCl;) & 163.73 (d,
J = 18.9Hz), 161.38, 146.98, 138.79, 133.37 (d, J = 3.4Hz), 129.95 (d, J = 8.1Hz), 117.14,
115.44 (d, J = 21.5Hz), 111.44, 66.90. '’F NMR (376 MHz, CDCls)  —113.65. IR (neat)
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3056, 1592, 1570, 1511, 1474, 1433, 1285, 1271, 1223, 1157, 1143, 989, 822, 779 cm™". MS
(ESI) m/z 204 (M+H); HRMS (ESI) m/z calc’d for Cj,H;NOF [M+H]": 204.0819; found:
204.0822.

2-((2-Bromobenzyl)oxy)pyridine (1h): Prepared by a known procedure.' To a 100 mL
round-bottom flask was charged potassium fert-butoxide (1.7841 g, 15.9 mmol),
2-bromobenzyl alcohol (2.9652 g, 15.9 mmol) and dioxane (24 mL). To this supension was
added 2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over
15 h. The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The
aqueous layer was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried
over MgSQ,, filtered, and concentrated in vacuo and the resulting residue was purified by
column chromatography (eluent: hexane/EtOAc = 95:5, v/v) to afford the title compound
(99%). Pale yellow oil. All spectral data are in agreement with reported literature data.* 'H
NMR (400 MHz, CDCls) 6 8.18 (dd, J = 1.5Hz, J = 4.8Hz, 1H), 7.59 (t, J = 8.4Hz, 2H), 7.53
(d, J =7.6Hz, 1H), 7.31 (t,J = 7.4Hz, 1H), 7.17 (t, J = 7.5Hz, 1H), 6.92-6.87 (m, 1H), 6.84
(d, J = 8.3Hz, 1H), 5.46 (s, 2H). °C NMR (100 MHz, CDCl) & 163.5, 147.1, 138.8, 136.9,
132.8,129.5,129.3, 127.5, 123.1, 117.3, 111.3, 67.2.

2-((4-Bromobenzyl)oxy)pyridine (1i): Prepared by a known procedure.! To a 100 mL
round-bottom flask was charged potassium tert-butoxide (1.7841 g, 159 mmol),
4-bromobenzyl alcohol (2.9652 g, 15.9 mmol) and dioxane (24 mL). To this supension was
added 2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over
17 h. The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The
aqueous layer was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried
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over MgSQ,, filtered, and concentrated in vacuo and the resulting residue was purified by
column chromatography (eluent: hexane/EtOAc = 95:5, v/v) to afford the title compound
(91%). White solid. All spectral data are in agreement with reported literature data.*” 'H
NMR (400 MHz, CDCl;) 6 8.15 (dd, J = 1.8Hz, J = 5.0Hz, 1H), & 7.59-7.53 (m, 1H), 7.48
(d, J = 8.3Hz, 2H), 7.32 (d, J = 8.3Hz, 2H), 6.89-6.83 (m, 1H), 6.79 (d, J = 8.3Hz, 1H), 5.33
(s, 2H). C NMR (100 MHz, CDCl3) & 163.4, 146.9, 138.8, 136.6, 131.6, 129.7, 121.8,
117.2,111.4, 66.7.

2-(4-(Trifluoromethyl)benzyloxy)pyridine (1j): Prepared by a known procedure.' To a 100
mL round-bottom flask was charged potassium fert-butoxide (1.3454 g, 12.0 mmol) and
dioxane (24 mL). To this supension was added 4-trifluoromethylbenzyl alcohol (1.49 mL,
10.9 mmol) and 2-chloropyridine (I mL, 10.9 mmol). The resulting mixture was heated to
reflux over 21 h. The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O.
The aqueous layer was extracted with 2 x 25 mL EtOAc. The combined organic layers were
dried over MgSQy, filtered, and concentrated in vacuo and the resulting residue was purified
by column chromatography (eluent: hexane/EtOAc = 98:2, v/v) to afford the title compound
(76%). White solid. All spectral data are in agreement with reported literature data.® '"H NMR
(400 MHz, CDCl3) & 8.17 (dd, J = 1.6Hz, J = 5.3Hz, 1H), 7.64-7.56 (m, 5H), 6.91 (ddd, J =
0.9Hz, J = 5.1Hz, J = 7.1Hz, 2H), 6.84 (d, J = 8.4Hz, 2H), 5.45 (s, 2H). *C{'H} NMR (100
MHz, CDCls) 6 163.4, 147.0, 141.8, 138.9, 130.1 (q, J = 32.3Hz), 127.9, 125.5 (q, J = 3.8Hz),
124.3 (dd, J = 272.0Hz, J = 543.9Hz), 117.4, 111.4, 66.6. ’"F NMR (376 MHz, CDCl;) &

—61.6.
=
L
N 0]
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Methyl 4-((pyridin-2-yloxy)methyl)benzoate (1k): Prepared in two steps from
4-formylbenzoate."” ' To a 100 mL round-bottom flask was charged 4-formylbenzoate
(2.4624 g, 15 mmol) and MeOH (30 mL). The solution was cooled to 0 °C in an ice bath.
Subsequently, NaBH, (624.2 mg, 16.5 mmol) was added portionwise. The reaction vessel
was allowed to warm to room temperature over 1 h, upon which volatiles were removed in
vacuo. The residue was redissolved in 50 mL EtOAc and 50 mL HCI and the layers were
separated. The aqueous phase was extracted with 2 x 25 mL EtOAc. The combined organic
extracts were washed with 25 mL sat’d NaHCOs;, dried over MgSOQ,, filtered, and
concentrated in vacuo to give the crude methyl 4-(hydroxymethyl)benzoate (2.4742 g, 14.9
mmol, 99%). All spectral data are in agreement with reported literature data.'”* 'H NMR
(300 MHz, CDCl3) 6 8.03 (d, J = 8.2Hz, 2H), 7.43 (d, J = 8.1Hz, 2H), 4.77 (s, 2H), 3.92 (s,
3H). The crude material was added to a suspension of potassium terz-butoxide (1.8391 g, 16.4
mmol) and dioxane (40 mL) in a 100 mL round-bottom flask. Subsequently, 2-chloropyridine
(1.41 mL, 14.9 mmol) was added and the reaction mixture was heated to reflux over 19 h.
The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSOy,,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography to afford the title compound (25%). White solid; m.p. 43-44 °C. '"H NMR
(400 MHz, CDCls) & 8.16 (dd, J = 1.5Hz, J = 5.0Hz, 1H), 8.04 (d, J = 8.3Hz, 2H), 7.59 (ddd,
J =2.0Hz, J = 7.2Hz, J = 9.0Hz, 1H), 7.52 (d, J = 8.2Hz, 2H), 6.89 (dd, J = 5.1Hz, J =
7.0Hz, 1H), 6.83 (d, J = 8.4Hz, 1H), 5.44 (s, 2H), 3.91 (s, 3H). >C NMR (100 MHz, CDCl3)
0 167.0, 163.4, 147.0, 142.9, 138.9, 129.6, 127.4, 117.3, 111.4, 66.8, 52.2. IR (neat) 2951,
2916, 1711, 1596, 1568, 1474, 1432, 1411, 1277, 1115, 1046, 839, 785, 755 cm™". MS (ESI)
m/z 244 (M+H); HRMS (ESI) m/z calc’d for C;4H;4NOs3 [M+H]+: 244.0968; found:
244.0968.
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2-(3-Methoxybenzyloxy)pyridine (11): Prepared by a known procedure.’ To a 100 mL
round-bottom flask was charged potassium terz-butoxide (1.3454 g, 12.0 mmol) and dioxane
(24 mL). To this supension was added 3-methoxybenzyl alcohol (1.35 mL, 10.9 mmol) and
2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over 14.5 h.
The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSOs,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 95:5, v/v) to afford the title compound (96%).
Colorless oil. All spectral data are in agreement with reported literature data." "H NMR (400
MHz, CDCls) 6 8.17 (dd, J = 1.3Hz, J = 5.0Hz, 1H), 7.57 (ddd, J = 2.0Hz, J = 7.1Hz, J =
8.5Hz, 1H), 7.28 (t, J = 7.9Hz, 1H), 7.04 (d, J = 9.8Hz, 2H), 6.89-6.84 (m, 2H), 6.81 (d, J =
8.3Hz, 1H), 5.36 (s, 2H), 3.81 (s, 3H). C{'H} NMR (100 MHz, CDCl3) § 163.7, 159.9,
147.0, 139.1, 138.7, 129.6, 120.2, 117.1, 113.5, 111.4, 67.5, 55.3.

2-(4-Methoxybenzyloxy)pyridine (1m): Prepared by a known procedure." To a 100 mL
round-bottom flask was charged potassium tert-butoxide (1.3454 g, 12.0 mmol) and dioxane
(24 mL). To this supension was added 4-methoxybenzyl alcohol (1.36 mL, 10.9 mmol) and
2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over 14 h.
The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSOy,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 95:5, v/v) to afford the title compound (91%).
White solid. All spectral data are in agreement with reported literature data.® "H NMR (400
MHz, CDCl;) 6 8.18 (s, 1H), 7.54 (t, J = 7.7Hz, 1H), 7.40 (dd, J = 2.4Hz, J = 8.5Hz, 2H),
6.90 (d, J = 6.9Hz, 2H), 6.85 (dd, J = 5.6Hz, J = 6.6Hz, 1H), 6.77 (d, J = 8.4Hz, 1H), 5.31
(d, J = 5.5Hz, 2H), 3.79 (s, 3H). *C{'H} NMR (100 MHz, CDCl;) & 163.8, 159.5, 146.9,
138.7,129.9, 129.6, 116.9, 114.0, 111.4, 67.4, 55.4.
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2-((3-(Benzyloxy)benzyl)oxy)pyridine ~ (1n):  Prepared in two  steps  from

' To a 100 mL round-bottom flask was charged

3-benzyloxybenzaldehyde. "
3-benzyloxybenzaldehyde (2.1225 g, 10 mmol) and MeOH (25 mL). The solution was cooled
to 0 °C in an ice bath. Subsequently, NaBH, (416.1 mg, 11 mmol) was added portionwise.
The reaction vessel was allowed to warm to room temperature over 12 h, upon which
volatiles were removed in vacuo. The residue was redissolved in 50 mL EtOAc and 50 mL
HCI and the layers were separated. The aqueous phase was extracted with 2 x 25 mL EtOAc.
The combined organic extracts were washed with 25 mL sat’d NaHCOs, dried over MgSOs,
filtered, and concentrated in vacuo to give the crude (3-(benzyloxy)phenyl)methanol (2.1059
g, 9.8 mmol, 98%). "H NMR (300 MHz, CDCls) § 7.46-7.27 (m, 6H), 7.02 (s, 1H), 6.96 (d, J
= 7.6Hz, 1H), 6.91 (dd, J = 2.4Hz, J = 8.2Hz, 1H), 5.08 (s, 2H), 4.68 (s, 2H). The crude
material (2.1059 g, 9.8 mmol) was added to a suspension of potassium zerz-butoxide (1.2343
g, 11.0 mmol) and dioxane (25 mL) in a 100 mL round-bottom flask. Subsequently,
2-chloropyridine (946.2 pL, 10 mmol) was added and the reaction mixture was heated to
reflux over 22.5 h. The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O.
The aqueous layer was extracted with 2 x 25 mL EtOAc. The combined organic layers were
dried over MgSQy, filtered, and concentrated in vacuo and the resulting residue was purified
by column chromatography (eluent: hexane/EtOAc = 98:2, v/v) to afford the title compound
(99%). Colorless oil. "H NMR (400 MHz, CDCls) 6 8.19 (ddd, J = 0.6Hz, J = 1.9Hz, J =
5.1Hz, 1H), 7.59 (ddd, J = 2.0Hz, J = 7.1Hz, J = 8.4Hz, 1H), 7.45 (dd, J = 0.9Hz, J =
8.3Hz, 2H), 7.40 (t, J = 7.3Hz, 2H), 7.36-7.27 (m, 2H), 7.13 (s, 1H), 7.07 (d, J = 7.6Hz, 1H),
6.94 (dd, J = 2.2Hz, J = 8.0Hz, 1H), 6.89 (ddd, J = 0.9Hz, J = 5.1Hz, J = 7.1Hz, 1H), 6.83
(d, J = 8.4Hz, 1H), 5.38 (s, 2H), 5.09 (s, 2H). °C NMR (100 MHz, CDCl3) & 163.7, 159.1,
147.0, 139.1, 138.7, 137.1, 129.6, 128.7, 128.1, 127.6, 120.5, 117.1, 114.4, 114.3, 111.4,
70.1, 67.4. IR (neat) 3031, 1595, 1569, 1473, 1431, 1311, 1267, 1285, 1156, 989, 779, 736,
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696 cm’'. MS (ESI) m/z 292 (M+H); HRMS (ESI) m/z calc’d for C;9HsNO, [M+H]+:
292.1332; found: 292.1342.

\Me

~

N~ O

©

2-(Benzyloxy)-3-methylpyridine (10): Prepared by a known procedure.' To a vial with a
Teflon cap was charged potassium tert-butoxide (693 mg, 6.2 mmol) and dioxane. To this
supension was added benzyl alcohol (435 pL, 4.2 mmol) and 2-chloro-3-picoline (435 pL,
4.0 mmol). The resulting mixture was heated to reflux overnight. The solution was quenched
with 6 mL H»O. The aqueous layer was extracted with 3 x 6 mL EtOAc. The combined
organic layers were washed with 10 mL brine, dried over MgSOj, concentrated in vacuo and
the resulting residue was purified by column chromatography (eluent: hexane/EtOAc = 99:1
to 80:20, v/v) to afford the title compound (86%). Pale yellow oil. All spectral data are in
agreement with reported literature data." "H NMR (300 MHz, CDCl;) & 8.01 (d, J = 5.0Hz,
1H), 7.47 (d, J=7.4Hz, 2H), 7.43-7.35 (m, 3H), 7.31 (t, J= 7.3Hz, 1H), 6.81 (dd, /= 7.1 and
5.0Hz, 1H), 5.42 (s, 2H), 2.25 (s, 3H). C{'H} NMR (75 MHz, CDCl;) & 161.9, 143.9,
138.5, 137.8, 128.3, 127.5, 127.4, 120.9, 116.8, 67.2, 15.9. IR (neat) 3029, 1593, 1421, 1446,
1360, 1304, 1253, 1186, 1114, 991, 784, 732, 696 cm™. MS (EI) m/z 199 (M); HRMS (EI)
m/z calc’d for C;3H13NO [M]+: 199.0997; found: 199.0995.

\Me
L

N~ O

Q.

2-((4-Chlorobenzyl)oxy)-3-methylpyridine (1p): Prepared by a known procedure.! To a
vial with a Teflon cap was charged potassium tert-butoxide (677 mg, 6.0 mmol) and dioxane.
To this supension was added 4-chlorobenzyl alcohol (599 mg, 4.2 mmol) and
2-chloro-3-picoline (435 pL, 4.0 mmol). The resulting mixture was heated to reflux
overnight. The solution was quenched with 6 mL H,O. The aqueous layer was extracted with
3 x 6 mL EtOAc. The combined organic layers were washed with 10 mL brine, dried over
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MgSO,, concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound
(88%). Pale yellow solid; m.p. 35-36 °C. '"H NMR (400 MHz, CDCl;) & 8.00 (d, J = 5.0Hz,
1H), 7.43-7.38 (m, 3H), 7.34 (d, J = 8.5Hz, 2H), 6.81 (dd, J = 7.1 and 5.0Hz, 1H), 5.38 (s,
2H), 2.23 (s, 3H). PC{'H} NMR (100 MHz, CDCl3) § 161.6, 143.9, 138.6, 136.4, 133.3,
128.8, 128.5 120.8, 116.9, 66.4, 15.8. IR (neat) 3051, 1589, 1428, 1355, 1303, 1253, 1188,
1115, 1092, 996, 880, 802, 776 cm. MS (EI) m/z 233 (M); HRMS (EI) m/z calc’d for
Ci3H,CINO [M, ¥CI": 233.0607; found: 233.0608.

\Me

| ~

N™ O

: OMe

2-((4-Methoxybenzyl)oxy)-3-methylpyridine (1q): Prepared by a known procedure.' To a
vial with a Teflon cap was charged potassium tert-butoxide (673 mg, 6.0 mmol) and dioxane.
To this supension was added 4-methoxybenzyl alcohol (525 pL, 4.2 mmol) and
2-chloro-3-picoline (435 puL, 4.0 mmol). The resulting mixture was heated to reflux
overnight. The solution was quenched with 6 mL H,O. The aqueous layer was extracted with
3 x 6 mL EtOAc. The combined organic layers were washed with 10 mL brine, dried over
MgSO,, concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound
(87%). Pale yellow oil. '"H NMR (300 MHz, CDCl3) & 8.01 (d, J = 5.0Hz, 1H), 7.44-7.36 (m,
3H), 6.91 (d, J = 8.7Hz, 2H), 6.79 (dd, J = 7.1 and 5.0Hz, 1H), 5.34 (s, 2H), 3.82 (s, 3H),
2.21 (s, 3H). "C{'H} NMR (75 MHz, CDCls) & 162.0, 159.1, 143.9, 138.4, 129.9, 129.2,
120.9, 116.7, 113.7, 67.0, 55.2, 15.9. IR (neat) 2951, 1593, 1513, 1447, 1360, 1302, 1244,
1173, 1114, 1034, 989, 820, 785 cm™. MS (EI) m/z 229 (M); HRMS (ESI) m/z calc’d for
C14H5sNO,Na [M+Na]': 252.0995; found: 252.1007.
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2-(Benzyloxy)-4-methylpyridine (1r): Prepared by a known procedure.' To a vial with a
Teflon cap was charged potassium fert-butoxide (494 mg, 4.4 mmol) and dioxane. To this
supension was added benzyl alcohol (435 uL, 4.2 mmol) and 2-chloro-4-methylpyridine (445
uL, 4.0 mmol). The resulting mixture was heated to reflux overnight. The solution was
quenched with 6 mL H,O. The aqueous layer was extracted with 3 x 6 mL EtOAc. The
combined organic layers were washed with 10 mL brine, dried over MgSQOy, concentrated in
vacuo and the resulting residue was purified by column chromatography (eluent:
hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound (96%). Pale yellow oil. All
spectral data are in agreement with reported literature data.” "H NMR (400 MHz, CDCl3) &
8.05 (d, J = 5.2Hz, 1H), 7.47 (d, J = 7.0Hz, 2H), 7.38 (t, J = 7.3Hz, 2H), 7.32 (t, J = 7.2Hz,
1H), 6.72 (d, J = 5.2Hz, 1H), 6.65 (s, 1H), 5.39 (s, 2H), 2.30 (s, 3H). “C{'H} NMR (100
MHz, CDCl;) 6 163.9, 149.9, 146.3, 137.5, 128.4, 127.8, 127.7, 118.5, 111.3, 67.4, 20.9. IR
(neat) 3030, 1611, 1561, 1480, 1414, 1356, 1315, 1244, 1157, 1027, 991, 812, 733, 696 cm™".
MS (EI) m/z 199 (M); HRMS (EI) m/z calc’d for C;3H;3NO [M]™: 199.0997; found:
199.1001.

Me

2-((4-Chlorobenzyl)oxy)-4-methylpyridine (1s): Prepared by a known procedure.' To a vial
with a Teflon cap was charged potassium zerz-butoxide (493 mg, 4.4 mmol) and dioxane. To
this supension was added 4-chlorobenzyl alcohol (598 mg, 4.2 mmol) and
2-chloro-4-methylpyridine (445 pL, 4.0 mmol). The resulting mixture was heated to reflux

overnight. The solution was quenched with 6 mL H,O. The aqueous layer was extracted with
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3 x 6 mL. EtOAc. The combined organic layers were washed with 10 mL brine, dried over
MgSO,, concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound
(97%). Pale yellow oil. '"H NMR (400 MHz, CDCl3) & 8.02 (d, J = 5.2Hz, 1H), 7.38 (d, J =
8.7Hz, 2H), 7.33 (d, J = 8.6Hz, 2H), 6.72 (d, J = 5.2Hz, 1H), 6.62 (s, 1H), 5.34 (s, 2H), 2.30
(s, 3H). C{'H} NMR (100 MHz, CDCl;) & 163.7, 150.0, 146.3, 136.0, 133.4, 129.2, 128.5,
118.6, 111.3, 66.5, 20.9. IR (neat) 2920, 1612, 1561, 1491, 1445, 1399, 1354, 1316, 1244,
1157, 1087, 1033, 1015, 992, 809 cm™. MS (EI) m/z 233 (M); HRMS (EI) m/z calc’d for
C1:HCINO [M, *CI]": 233.0607; found: 233.0610.

Me X

-
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2-(Benzyloxy)-5-methylpyridine (1t): Prepared by a known procedure.' To a vial with a
Teflon cap was charged potassium tert-butoxide (496 mg, 4.4 mmol) and dioxane. To this
supension was added benzyl alcohol (435 pL, 4.2 mmol) and 2-chloro-5-methylpyridine (435
pL, 4.0 mmol). The resulting mixture was heated to reflux overnight. The solution was
quenched with 6 mL H,O. The aqueous layer was extracted with 3 x 6 mL EtOAc. The
combined organic layers were washed with 10 mL brine, dried over MgSQOj,, concentrated in
vacuo and the resulting residue was purified by column chromatography (eluent:
hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound (94%). Pale yellow oil. All
spectral data are in agreement with reported literature data.! "H NMR (400 MHz, CDCls) &
7.99 (s, 1H), 7.47 (d, J = 7.1Hz, 2H), 7.43-7.35 (m, 3H), 7.32 (t,J = 7.3Hz, 1H), 6.74 (d, J =
8.4Hz, 1H), 5.37 (s, 2H), 2.26 (s, 3H). “C{'H} NMR (100 MHz, CDCl3) § 161.9, 146.2,
139.7, 137.5, 128.4, 127.8, 127.7, 125.8, 110.6, 67.4, 17.4. IR (neat) 2926, 1608, 1573, 1485,
1453, 1387, 1358, 1281, 1253, 1127, 1024, 822, 739, 696 cm™. MS (EI) m/z 199 (M); HRMS
(EI) m/z calc’d for C;3H13NO [M]+: 199.0997; found 199.1000.
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2-(Benzyloxy)-6-methylpyridine (1u): Prepared by a known procedure.! To a vial with a
Teflon cap was charged potassium fert-butoxide (673 mg, 6.0 mmol) and dioxane. To this
supension was added benzyl alcohol (435 pL, 4.2 mmol) and 2-chloro-6-methylpyridine (435
puL, 4.0 mmol). The resulting mixture was heated to reflux overnight. The solution was
quenched with 6 mL H,O. The aqueous layer was extracted with 3 x 6 mL EtOAc. The
combined organic layers were washed with 10 mL brine, dried over MgSQO,, filtered, and
concentrated in vacuo and the resulting residue was purified by column chromatography
(eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound (83%). Yellow oil.
'H NMR (400 MHz, CDCl3) & 7.46 (t, J = 7.8Hz, 3H), 7.38 (t, J = 7.3Hz, 2H), 7.32 (d, J =
7.2Hz, 1H), 6.73 (d, J = 7.2Hz, 1H), 6.59 (d, J = 8.2Hz, 1H), 5.37 (s, 2H), 2.46 (s, 3H).
BC{'H} NMR (75 MHz, CDCl3) & 163.1, 156.1, 138.8, 137.6, 128.4, 128.1, 127.7, 115.8,
107.6, 67.3, 24.1. IR (neat) 3032, 1598, 1575, 1447, 1302, 1256, 1231, 1027, 789, 729, 696
cm”. MS (EI) m/z 199 (M); HRMS (EI) m/z calc’d for C3H;3NO [M]": 199.0997; found:
199.0997.

| ~

N™ O

O

2,3-Bis(benzyloxy)pyridine (1v): Prepared in two steps from 2-chloro-3-pyridinol."*' To a
125 mL Erlenmeyer flask was charged 2-chloro-3-pyridinol (712.5 mg, 5.5 mmol), potassium
carbonate (836.2 mg, 6.1 mmol) and N,N-dimethylformamide (12 mL). Subsequently, benzyl
bromide (654.1 pL, 5.5 mmol) was added and the reaction mixture was allowed to stir at
room temperature for 6.5 h. The suspension was diluted with 100 mL EtOAc and washed
with 3 x 25 mL H,O. The organic layer was dried over MgSQy, filtered, and concentrated in
vacuo, and the resulting residue was purified by column chromatography (eluent:

hexane/EtOAc = 90:10) to give 3-(benzyloxy)-2-chloropyridine (1kK) as a clear oil (1.1007
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g, 5.0 mmol, 91%). All spectral data are in agreement with reported literature data.”* "H NMR
(400 MHz, CDCl3) 6 7.99 (dd, J = 1.5Hz, J = 4.6Hz, 1H), 7.44 (d, J = 7.4Hz, 2H), 7.39 (t, J
= 7.3Hz, 2H), 7.34 (t, J = 7.0Hz, 1H), 7.22 (dd, J = 1.5Hz, J = 8.1Hz, 1H), 7.15 (dd, J =
4.6Hz, J = 8.1Hz, 1H), 5.17 (s, 2H). >C NMR (100 MHz, CDCls) & 150.9, 141.5, 141.0,
135.7, 128.9, 128.4, 127.2, 123.2, 121.1, 70.1. IR (neat) 3056, 3036, 1566, 1445, 1419, 1379,
1293, 1209, 1087, 1062, 1022, 797, 726, 706, 690 cm™ . MS (EI) m/z 219 (M); HRMS (EI)
m/z calc’d for Ci12H;oNOCI M]™: 219.0451; found: 219.0454.
3-(Benzyloxy)-2-chloropyridine (1.081 g, 4.9 mmol) was added to a suspension of potassium
tert-butoxide (604.8 mg, 5.4 mmol) and dioxane (25 mL) in a 100 mL round-bottom flask.
Subsequently, benzyl alcohol (507.6 pL, 4.9 mmol) was added and the reaction mixture was
heated to reflux over 27.5 h. The solution was diluted with 25 mL EtOAc and washed with 25
mL H,O. The aqueous layer was extracted with 2 x 25 mL EtOAc. The combined organic
layers were dried over MgSQy, filtered, and concentrated in vacuo and the resulting residue
was purified by column chromatography to afford the title compound (96%). Off-white solid;
m.p. 47-48 °C. "H NMR (400 MHz, CDCl;) § 7.74 (dd, J = 1.5Hz, J = 5.0Hz, 1H), 7.50 (d, J
= 7.4Hz, 2H), 7.40 (d, J = 7.3Hz, 2H), 7.38-7.32 (m, 4H), 7.29 (t, J = 7.1Hz, 2H), 7.06 (dd, J
= 1.5Hz, J = 7.8Hz, 1H), 6.76 (dd, J = 5.0Hz, J = 7.7Hz, 1H), 5.50 (s, 2H), 5.14 (s, 2H). °C
NMR (100 MHz, CDCls) & 154.9, 143.3, 138.0, 137.7, 136.8, 128.7, 128.5, 128.1, 127.9,
127.7,127.3,121.3, 117.1, 71.2, 67.6. IR (neat) 3062, 2936, 1592, 1574, 1461, 1449, 1367,
1267, 1253, 1239, 1190, 1122, 975, 786, 743, 692 cm™. MS (ESI) m/z 292 (M+H), 314
(M+Na); HRMS (ESI) m/z calc’d for C1oH;sNO, [M+H]": 292.1332; found: 292.1345.

Cl N

e

N™ O

O

2-(Benzyloxy)-5-chloropyridine (1w): Prepared by a known procedure.' To a 100 mL
round-bottom flask was charged 2,5-dichloropyridine (0.99 g, 6.7 mmol), potassium
tert-butoxide (827.0 mg, 7.4 mmol) and dioxane (15 mL). To this supension was added
benzyl alcohol (694.0 puL, 6.7 mmol). The resulting mixture was heated to reflux over 13 h.

The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
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was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSOs,,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography to afford the title compound (95%).White solid; m.p. 44-45 °C. All spectral
data are in agreement with reported literature data.® "H NMR (400 MHz, CDCl3) 6 8.11 (d, J
= 2.5Hz, 1H), 7.52 (dd, J = 2.5Hz, J = 8.8Hz, 1H), 7.44 (d, J = 7.4Hz, 2H), 7.37 (t, J =
7.3Hz, 2H), 7.31 (t, J = 7.1Hz, 1H), 6.75 (d, J = 8.8Hz, 1H), 5.34 (s, 2H). °C NMR (100
MHz, CDCl;) 6 162.2, 145.2, 138.7, 137.1, 128.6, 128.14, 128.11, 124.4, 112.4, 68.2. IR
(neat) 3037, 2941, 1591, 1563, 1473, 1451, 1347, 1278, 1242, 1126, 1000, 825, 740, 703, 688
cm™. MS (ESI) m/z 220 (M+H); HRMS (ESI) m/z calc’d for C;;H;;NOCI [M+H]": 220.0523;
found: 220.0521.

: OMe

2-Chloro-6-((4-methoxybenzyl)oxy)pyridine (1x): Prepared by a known procedure.' To a
vial with a Teflon cap was charged potassium ferz-butoxide (670 mg, 6.0 mmol) and dioxane.
To this supension was added 4-methoxybenzyl alcohol (525 pL, 4.2 mmol) and
2,6-dichloropyridine (591 pL, 4.0 mmol). The resulting mixture was heated to reflux
overnight. The solution was quenched with 6 mL H,O. The aqueous layer was extracted with
3 x 6 mL EtOAc. The combined organic layers were washed with 10 mL brine, dried over
MgSQO,, concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound
(49%). Pale yellow oil. "H NMR (400 MHz, CDCly) § 7.51 (dd, J = 7.5Hz, J = 8.1Hz, 1H),
7.41 (d, J = 8.7Hz, 2H), 6.95-6.88 (m, 3H), 6.68 (dd, J = 0.6Hz, J = 8.2Hz, 1H), 5.30 (s,
2H), 3.82 (s, 3H). "C{'H} NMR (100 MHz, CDCl;) & 163.3, 159.5, 148.2, 140.6, 130.1,
128.6, 116.3, 113.9, 109.4, 68.1, 55.2. IR (neat) 2958, 1587, 1559, 1514, 1439, 1366, 1295,
1247, 1159, 1034, 984, 914, 882, 787 cor’'. MS (ESI) m/z 272 (M+Na); HRMS (ESI) m/z
calc’d for C;3H,CINO;Na [M+Na, 35C1]+: 272.0448; found 272.0454.
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2-(Benzyloxy)-3-bromopyridine (1y): Prepared by a known procedure.’ To a 100 mL
round-bottom flask was charged 3-bromo-2-chloropyridine (1.8575 g, 9.7 mmol), potassium
tert-butoxide (1.1916 g, 10.6 mmol) and dioxane (25 mL). To this supension was added
benzyl alcohol (1 mL, 9.7 mmol). The resulting mixture was heated to reflux over 17.5 h. The
solution was diluted with 25 mL EtOAc and washed with 25 mL H>O. The aqueous layer
was extracted with 3 x 25 mL EtOAc. The combined organic layers were dried over MgSOs,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 99:1 to 97.5:2.5, v/v) to afford the title compound
(75%). Colorless oil. All spectral data are in agreement with reported literature data.” 'H
NMR (400 MHz, CDCls) & 8.09 (dd, J = 1.7Hz, J = 4.9Hz, 1H), 7.82 (dd, J = 1.7Hz, J =
7.6Hz, 1H), 7.50 (dd, J = 0.5Hz, J = 7.4Hz, 2H), 7.38 (t, J = 7.3Hz, 2H), 7.31 (t, J = 7.3Hz,
1H), 6.78 (dd, J = 4.9Hz, J = 7.6Hz, 1H), 5.47 (s, 2H). “C{'H} NMR (100 MHz, CDCl;) &
159.7, 145.6, 141.9, 137.1, 128.6, 127.9, 127.6, 118.1, 107.5, 68.4. MS (ES) m/z 263 (M,
"Br), 265 (M, *'Br); HRMS (ESI) m/z calc’d for C1,HoBrNO [M, "Br]": 262.9946; found
262.9944.

—

N™ O
Me\)\©
2-(1-Phenylpropoxy)pyridine (1z): Prepared by a known procedure.' To a 100 mL
round-bottom flask was charged potassium terz-butoxide (1.7841 g, 15.9 mmol) and dioxane
(48 mL). To this supension was added 1-phenylethanol (2.18 mL, 15.9 mmol) and
2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over 20.5 h.
The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous

layer was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over

MgSOQ,, filtered, and concentrated in vacuo and the resulting residue was purified by column

Supplementary Material (ESI) for Chemical Science S24
This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

chromatography (eluent: hexane/EtOAc = 95:5, v/v) to afford the title compound (99%).
White solid. All spectral data are in agreement with reported literature data.® '"H NMR (400
MHz, CDCls) 6 8.05 (d, J = 4.4Hz, 1H), 7.48-7.44 (m, 2H), 7.40 (d, J = 7.6Hz, 2H), 7.29 (t,
J =17.5Hz, 2H), 7.22-7.19 (m, 1H), 6.73 (dd, J = 4.9Hz, J = 10.5Hz, 2H), 6.00 (t, J = 6.6Hz,
1H), 2.03 (qd, J = 7.3Hz, J = 14.6Hz, 1H), 1.94-1.87 (m, 1H), 0.94 (t, J = 7.4Hz, 3H).
PC{'H} NMR (100 MHz, CDCl3) & 163.5, 147.0, 142.1, 138.6, 128.3, 127.3, 126.6, 116.6,
111.5,30.2, 10.1.

2-(Naphthalen-2-ylmethoxy)pyridine  (laa):  Prepared in two steps from
2-naphthaldehyde." '® To a 100 mL round-bottom flask was charged 2-naphthaldehyde (935
mg, 6 mmol) and MeOH (15 mL). The solution was cooled to 0 °C in an ice bath.
Subsequently, NaBH4 (249.7 mg, 6.6 mmol) was added portionwise. The reaction vessel was
allowed to warm to room temperature over 3 h, upon which volatiles were removed in vacuo.
The residue was redissolved in 50 mL EtOAc and 50 mL HCI and the layers were separated.
The aqueous phase was extracted with 2 x 25 mL EtOAc. The combined organic extracts
were washed with 25 mL sat’d NaHCO3, dried over MgSOQ., filtered, and concentrated in
vacuo to give the crude naphthalen-2-ylmethanol (920 mg, 5.8 mmol, 97%). All spectral data
are in agreement with reported literature data.'”** "H NMR (300 MHz, CDCl3) & 7.87-7.82
(m, 4H), 7.50-7.47 (m, 3H), 4.87 (s, 2H). The crude material was added to a suspension of
potassium terz-butoxide (715.9 mg, 6.4 mmol) and dioxane (15 mL) in a 50 mL round-bottom
flask. Subsequently, 2-chloropyridine (550.2 uL, 5.8 mmol) was added and the reaction
mixture was heated to reflux over 23 h. The solution was diluted with 25 mL EtOAc and
washed with 25 mL H,O. The aqueous layer was extracted with 2 x 25 mL EtOAc. The
combined organic layers were dried over MgSOQy, filtered, and concentrated in vacuo and the
resulting residue was purified by column chromatography (eluent: hexane/EtOAc = 98:2, v/v)
to afford the title compound (89%). White solid. All spectral data are in agreement with
reported literature data." "H NMR (400 MHz, CDCl;) & 8.27-8.26 (m, 1H), 7.98 (s, 1H), 7.90
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(d, J = 6.8Hz, 2H), 7.62 (dd, J = 8.4Hz, J = 15.7Hz, 2H), 7.52 (dd, J = 3.0Hz, J = 5.2Hz,
2H), 6.91 (t, J = 6.9Hz, 2H), 5.62 (s, 2H). “C{'H} NMR (100 MHz, CDCl;) & 163.7, 146.9,
138.7, 134.9, 133.4, 133.1, 128.2, 128.0, 127.8, 126.8, 126.2, 126.0, 125.9, 117.0, 111.4,
67.7.

Rt

| N" o ‘
B

2-(Naphthalen-1-ylmethoxy)pyridine (1bb): Prepared by a known procedure.” To a vial
with a Teflon cap was charged potassium tert-butoxide (673 mg, 6.0 mmol) and dioxane. To
this supension was added 1-naphthalenemethanol (667 mg, 4.2 mmol) and 2-chloropyridine
(380 pL, 4.0 mmol). The resulting mixture was heated to reflux overnight. The solution was
quenched with 6 mL H,O. The aqueous layer was extracted with 3 x 6 mL EtOAc. The
combined organic layers were washed with 10 mL brine, dried over MgSOj, concentrated in
vacuo and the resulting residue was purified by column chromatography (eluent:
hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound (74%). Pale yellow oil. 'H
NMR (300 MHz, CDCls) & 8.24 (d, J = 5.1Hz, 1H), 8.15-8.07 (m, 1H), 7.94-7.82 (m, 2H),
7.67 (d, J = 6.9Hz, 1H), 7.64-7.45 (m, 4H), 6.92 (dd, J = 7.0 and 5.2Hz, 1H), 6.82 (d, J =
8.3Hz, 1H), 5.83 (s, 2H). "C{'H} NMR (75 MHz, CDCl;) & 163.6, 146.8, 138.6, 133.7,
132.8, 131.8, 128.8, 128.6, 126.9, 126.3, 125.8, 125.3, 123.9, 117.0, 111.4, 65.9. IR (neat)
3050, 1593, 1569, 1467, 1430, 1308, 1284, 1142, 1059, 988, 774 cm™'. MS (EI) m/z 235 (M);
HRMS (ESI) m/z calc’d for Ci6H14NO [M+H]": 236.1069; found: 236.1081.

2-(Furan-2-ylmethoxy)pyridine (lcc): Prepared by a known procedure.' To a 100 mL
round-bottom flask was charged potassium terz-butoxide (1.3454 g, 10.9 mmol) and dioxane
(24 mL). To this supension was added furfuryl alcohol (942 wL, 10.9 mmol) and
2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over 20 h.

The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
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was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSOs,,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 92:8, v/v) to afford the title compound (89%).
Orange oil. "H NMR (400 MHz, CDCl5)  8.17 (dd, J = 1.8Hz, J = 5.0Hz, 1H), 7.56 (ddd, J =
2.0Hz, J = 7.1Hz, J = 8.5Hz, 1H), 7.44 (dd, J = 0.7Hz, J = 1.8Hz, 1H), 6.88 (ddd, J = 0.8Hz,
J =5.1Hz, J = 7.1Hz, 1H), 6.78 (d, J = 8.4Hz, 1H), 6.45 (d, J = 3.1Hz, 1H), 6.37 (dd, J =
1.9Hz, J = 3.2Hz, 1H), 5.34 (s, 2H). °C NMR (100 MHz, CDCl;) & 163.3, 150.9, 146.8,
143.1, 138.8, 117.2, 111.5, 110.6, 110.1, 59.7. IR (neat) 2939, 1598, 1570, 1472, 1431, 1310,
1284, 1269, 1248, 1150, 988, 919, 779, 737 cm™'. MS (ESI) m/z 176 (M+H); HRMS (ESI)

m/z calc’d for CioH;oNO, [M+H]+: 176.0706; found: 176.0170.
Cl

5-Chloro-2-(furan-2-ylmethoxy)pyridine (1dd): Prepared by a known procedure.! To a 100
mL round-bottom flask was charged 2,5-dichloropyridine (0.99 g, 6.7 mmol), potassium
tert-butoxide (827.0 mg, 7.4 mmol) and dioxane (15 mL). To this supension was added
furfuryl alcohol (582.7 pL, 6.7 mmol). The resulting mixture was heated to reflux over 15 h.
The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSOs,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 98:2, v/v) to afford the title compound (90%).
Orange solid; m.p. 33-34 °C. "H NMR (400 MHz, CDCl;) 6 8.11 (d, J = 2.5Hz, 1H), 7.52
(dd, J = 2.5Hz, J = 8.8Hz, 1H), 7.44 (s, 1H), 6.73 (d, J = 8.8Hz, 1H), 6.44 (d, J = 3.1Hz,
1H), 6.37 (s, 1H), 5.30 (s, 2H). >C NMR (100 MHz, CDCl3) & 161.7, 150.5, 145.1, 143.3,
138.8, 124.6, 112.4, 110.6, 110.4, 60.1. IR (neat) 3087, 1591, 1566, 1471, 1344, 1277, 1245,
1224, 1151, 1110, 974, 921, 822, 812, 731 cm™'. MS (EI) m/z 209 (M, *>CI), 211 (M, *'Cl);
HRMS (EI) m/z calc’d for C1oHgNO,CI [M, *CI]": 209.0244; found: 209.0240.
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2-(Benzofuran-2-ylmethoxy)pyridine  (lee):  Prepared in two  steps  from
2-benzofurancarboxaldehyde.” ' To a 100 mL round-bottom flask was charged
2-benzofurancarboxaldehyde (1.0 mL, 8.2 mmol) and EtOH (20 mL). The solution was
cooled to 0 °C in an ice bath. Subsequently, NaBHs (365 mg, 9.6 mmol) was added
portionwise. The solution was stirred for 3 min at 0 °C and then quenched with 20 mL water.
The aqueous phase was extracted with 3 x 20 mL CH,Cl, and the combined organic extracts
were washed with 25 mL brine, dried over MgSOy, filtered, and concentrated in vacuo to give
the crude benzofuran-2-ylmethanol (1.2 g, 8.1 mmol, 98%). All spectral data are in
agreement with reported literature data.”® MS (EI) m/z 148 (M). To a vial with a Teflon cap
was charged potassium zert-butoxide (1.03 g, 9.4 mmol) and dioxane. To this supension was
added the crude benzofuran-2-ylmethanol (1.2 g, 8.1 mmol) and 2-chloropyridine (595 pL,
6.3 mmol). The resulting mixture was heated to reflux overnight. The solution was quenched
with 6 mL H,O. The aqueous layer was extracted with 3 x 6 mL EtOAc. The combined
organic layers were washed with 10 mL brine, dried over MgSO,, concentrated in vacuo and
the resulting residue was purified by column chromatography (eluent: hexane/EtOAc = 99:1
to 80:20, v/v) to afford the title compound (80%). Pale yellow oil. '"H NMR (300 MHz,
CDCl3) 6 8.19 (d, J = 5.1Hz, 1H), 7.63-7.54 (m, 2H), 7.49 (d, J = 8.0Hz, 1H), 7.29 (t, J =
7.3Hz, 1H), 7.22 (t, J=7.4Hz, 1H), 6.91 (dd, J=7.1 and 5.1Hz, 1H), 6.85-6.80 (m, 2H), 5.50
(s, 2H). “C{'H} NMR (75 MHz, CDCl;) 5 162.9, 155.1, 153.4, 146.7, 138.7, 128.1, 124 .4,
122.7,121.1, 117.2, 111.4, 111.3, 106.3, 60.0. IR (neat) 3057, 1599, 1570, 1471, 1453, 1431,
1308, 1269, 1182, 1142, 1041, 988, 943, 877, 810, 778, 751 cm™. MS (EI) m/z 225 (M);
HRMS (EI) m/z calc’d for C14H;;NO, [M]': 225.0790; found: 225.0796.
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2-(Benzo[d][1,3]dioxol-5-ylmethoxy)pyridine (1ff): Prepared by a known procedure.! To
a 100 mL round-bottom flask was charged potassium zers-butoxide (1.3454 g, 12.0 mmol),
piperonyl alcohol (1.6584 g, 10.9 mmol) and dioxane (24 mL). To this supension was added
2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over 15 h.
The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSOs,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 95:5, v/v) to afford the title compound (96%). Pale
yellow oil. '"H NMR (400 MHz, CDCl;) & 8.21 (dd, J = 1.4Hz, J = 5.0Hz, 1H), 7.60 (ddd, J
= 2.0Hz, J = 7.2Hz, J = 9.0Hz, 1H), 7.01 (d, J = 1.2Hz, 1H), 6.97 (d, J = 7.9Hz, 1H),
6.93-6.90 (m, 1H), 6.85-6.81 (m, 2H), 5.99 (s, 2H), 5.31 (s, 2H). *C{'H} NMR (100 MHz,
CDCl3) 6 163.7, 147.9, 147.4, 146.9, 138.7, 131.3, 121.9, 117.0, 111.5, 109.0, 108.3, 101.2,
67.6. IR (neat) 2885, 1597, 1567, 1491, 1474, 1445, 1431, 1247, 1039, 987, 931, 779 cm™".
MS (ESI) m/z 230 (M+H), 252 (M+Na); HRMS (ESI) m/z calc’d for C;3H;,NO; [M+H]":
230.0811; found: 230.0817.

~
) ve

2-Phenethoxypyridine (1gg): Prepared by a known procedure.' To a 100 mL round-bottom
flask was charged potassium terz-butoxide (1.3454 g, 10.9 mmol) and dioxane (24 mL). To
this supension was added 2-phenylethanol (1.31 mL, 10.9 mmol) and 2-chloropyridine (1
mL, 10.9 mmol). The resulting mixture was heated to reflux over 16 h. The solution was
diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer was extracted
with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSQy,, filtered, and
concentrated in vacuo and the resulting residue was purified by column chromatography
(eluent: hexane/EtOAc = 98:2, v/v) to afford the title compound (59%). Pale yellow oil. All
spectral data are in agreement with reported literature data.' '"H NMR (400 MHz, CDCl5) o
8.18 (ddd, J = 0.7Hz, J = 2.0Hz, J = 5.0Hz, 1H), 7.58 (ddd, J = 2.0Hz, J = 7.1Hz, J =
8.4Hz, 1H), 7.36-7.31 (m, 4H), 7.25 (m, 1H), 6.88 (ddd, J = 0.9Hz, J = 5.1Hz, J = 7.1Hz,
1H), 6.75 (td, J = 0.8Hz, J = 8.4Hz, 1H), 4.55 (t, J = 7.1Hz, 2H), 3.13 (t, J = 7.1Hz, 2H).
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BC{'H} NMR (100 MHz, CDCl3) & 147.1, 138.6, 129.2, 128.5, 126.5, 116.8, 111.3, 66.5,
35.7.

2-(3-Phenylpropoxy)pyridine (1hh): Prepared by a known procedure.! To a 100 mL
round-bottom flask was charged potassium terz-butoxide (1.3454 g, 10.9 mmol) and dioxane
(24 mL). To this supension was added 3-phenyl-1-propanol (1.47 mL, 10.9 mmol) and
2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over 14.5 h.
The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSQOs,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 98:2, v/v) to afford the title compound (94%). Pale
yellow oil. '"H NMR (400 MHz, CDCl;) & 8.18 (dd, J = 1.9Hz, J = 5.0Hz, 1H), 7.60 (ddd, J
=2.0Hz, J = 7.1Hz, J = 8.4Hz, 1H), 7.34-7.21 (m, 8H), 6.88 (ddd, J = 0.9Hz, J = 5.1Hz, J =
7.1Hz, 1H), 6.77 (d, J = 8.4Hz, 1H), 4.35 (t, J = 6.5Hz, 2H), 2.85-2.81 (m, 2H), 2.14 (td, J =
6.5Hz, J = 14.1Hz, 2H). “C{'H} NMR (100 MHz, CDCl3) & 147.1, 141.9, 138.6, 128.6,
128.5, 126.0, 116.7, 111.2, 65.3, 32.5, 30.9. IR (neat) 3025, 2948, 1595, 1570, 1477, 1467,
1432, 1311, 1286, 1270, 1021, 779, 737, 699 cm™. MS (ESI) m/z 214 (M+H); HRMS (ESI)
m/z calc’d for Ci4H1sNO [M+H]+: 214.1226; found: 214.1231.

2-(2-((tert-Butyldimethylsilyl)oxy)ethoxy)pyridine (lii): Prepared in two steps from
ethylene glycol." ** A solution of fert-butyldimethylsilyl chloride (1.53 g, 10 mmol) in
CH,Cl, (6 mL) was added to a stirring solution of ethylene glycol (5.6 mL, 100 mmol) and
pyridine (8.1 mL, 100 mmol) in CH»Cl, (14 mL). The resulting pale yellow solution was
stirred at ambient temperature for 16 h and then concentrated in vacuo. The residue was

extracted with 4 x 20 mL hexanes. The combined organic layers were washed with 20 mL
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water, 20 mL brine, dried over MgSQOy,, filtered, and concentrated in vacuo and the resulting
residue was purified by column chromatography (eluent: hexane/EtOAc = 90:10 to 70:30,
v/v) to afford 2-((tert-butyldimethylsilyl)oxy)ethanol (1mm) as a clear oil (1.11 g, 6.3 mmol,
63%). All spectral data are in agreement with reported literature data.” "H NMR (400 MHz,
CDCls) 6 3.74-3.69 (m, 2H), 3.67-3.61 (m, 2H), 2.04 (t, J = 6.2Hz, 1H), 0.91 (s, 9H), 0.09 (s,
6H). To a vial with a Teflon cap was charged potassium zer#-butoxide (125 mg, 1.1 mmol)
and dioxane. To this supension was added the 2-((tert-butyldimethylsilyl)oxy)ethanol (188
mg, 1.1 mmol) and 2-chloropyridine (95 pL, 1.0 mmol). The resulting mixture was heated to
reflux overnight. The solution was quenched with 6 mL H,O. The aqueous layer was
extracted with 3 x 6 mL EtOAc. The combined organic layers were washed with 10 mL
brine, dried over MgSO,, concentrated in vacuo and the resulting residue was purified by
column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title
compound (52%). Clear oil. 'H NMR (400 MHz, CDCl3) & 8.13 (dd, J = 1.4Hz, J = 5.0Hz,
1H), 7.54 (tdd, J = 1.7Hz, J = 6.9Hz, 1H), 6.83 (ddd, J = 0.8Hz, J = 5.1Hz, J = 7.0Hz, 1H),
6.74 (d, J = 8.4Hz, 1H), 4.37 (t, J = 5.2Hz, 2H), 3.96 (t, J = 5.2Hz, 2H), 0.89 (s, 9H), 0.08 (s,
6H). PC{'H} NMR (100 MHz, CDCl3) 5 163.7, 146.8, 138.4, 116.6, 111.2, 67.0, 61.9, 25.9,
18.4,-5.2. IR (neat) 2929, 2857, 1585, 1489, 1460, 1400, 1308, 1187, 1140, 1085, 1010, 847,
799, 713 cm™. MS (ESI) m/z 254 (M+H); HRMS (ESI) m/z calc’d for C;3H,4NO,Si [M+H]":
254.1570; found: 254.1562.

(L

N° O

O

2-(2-(Vinyloxy)ethoxy)pyridine (1jj): Prepared by a known procedure.' To a vial with a
Teflon cap was charged potassium tert-butoxide (493 mg, 4.4 mmol) and dioxane. To this
supension was added ethylene glycol vinyl ether (380 pL, 4.2 mmol) and 2-chloropyridine
(380 pL, 4.0 mmol). The resulting mixture was heated to reflux overnight. The solution was
quenched with H,O. The aqueous layer was extracted with EtOAc. The combined organic
layers were washed with brine, dried over MgSQ,, concentrated in vacuo and the resulting
residue was purified by column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v)
to afford the title compound (96%). Pale yellow oil. 'H NMR (300 MHz, CDCls) & 8.13 (dd,
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J =1.4Hz, J = 5.0Hz, 1H), 7.56 (ddd, J = 2.0Hz, J = 7.1Hz, J = 8.6Hz, 1H), 6.86 (ddd, J =
0.8Hz, J = 5.1Hz, J = 7.0Hz, 1H), 6.78 (d, J = 8.4Hz, 1H), 6.53 (dd, J = 6.8Hz, J = 14.4Hz,
1H), 4.56 (t, J = 4.7Hz, 2H), 4.23 (dd, J = 2.2Hz, J = 14.3Hz, 1H), 4.07-4.00 (m, 3H).
BC{'H} NMR (75 MHz, CDCl;) § 163.3, 151.7, 146.6, 138.6, 116.9, 111.3, 86.8, 66.3, 63.9.
IR (neat) 2937, 1596, 1571, 1474, 1432, 1311, 1287, 1198, 1059, 980, 819, 779, 737 cm’".
MS (ESI) m/z 166 (M+H); HRMS (ESI) m/z calc’d for CoH;,NO, [M+H]": 166.0862; found:
166.0865.
(L
N™ O
K/S\©
2-(2-(Phenylthio)ethoxy)pyridine (1kk): Prepared by a known procedure.' To a 100 mL
round-bottom flask was charged potassium terz-butoxide (1.3454 g, 10.9 mmol) and dioxane
(24 mL). To this supension was added 2-phenylthioethanol (1.47 mL, 10.9 mmol) and
2-chloropyridine (1 mL, 10.9 mmol). The resulting mixture was heated to reflux over 13 h.
The solution was diluted with 25 mL EtOAc and washed with 25 mL H,O. The aqueous layer
was extracted with 2 x 25 mL EtOAc. The combined organic layers were dried over MgSOy,
filtered, and concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 95:5, v/v) to afford the title compound (42%). Pale
yellow oil. '"H NMR (400 MHz, CDCl3) & 8.12 (dd, J = 1.8Hz, J = 5.0Hz, 1H), 7.57-7.52 (m,
1H), 7.43 (dd, J = 0.9Hz, J = 8.3Hz, 2H), 7.28 (t, J = 7.7Hz, 2H), 7.18 (t, J = 7.4Hz, 1H),
6.85 (dd, J = 5.1Hz, J = 7.0Hz, 1H), 6.70 (d, J = 8.4Hz, 1H), 4.50 (t, J = 7.0Hz, 2H), 3.31 (t,
J = 7.0Hz, 2H). °C NMR (100 MHz, CDCl;) & 163.4, 146.9, 138.8, 136.0, 129.5, 120.1,
126.3, 117.1, 111.3, 64.4, 32.6. IR (neat) 3057, 1593, 1570, 1474, 1431, 1286, 1269, 1004,
778, 737, 691 cm™. MS (ESI) m/z 232 (M+H), 254 (M+Na); HRMS (ESI) m/z calc’d for
C13H14NOS [M+H]": 232.0790; found: 232.0796.

Cl
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3-(Benzyloxy)-6-chloropyridazine (3a): Prepared by a known procedure.! To a vial with a
Teflon cap was charged potassium fert-butoxide (4.06 g, 36.1 mmol) and dioxane. To this
supension was added benzyl alcohol (3.40 mL, 32.8 mmol) and 3,6-dichloropyridazine (5.0 g,
33.5 mmol). The resulting mixture was heated to reflux overnight. The solution was
quenched with H,O. The aqueous layer was extracted with EtOAc. The combined organic
layers were washed with brine, dried over MgSQ,, concentrated in vacuo and the resulting
residue was purified by column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v)
to afford the title compound (76%). White solid; m.p. 69-70 °C. '"H NMR (400 MHz, CDCl;)
8 7.49 (d, J = 8.0Hz, 2H), 7.43-7.34 (m, 4H), 7.00 (d, J = 9.1Hz, 1H), 5.54 (s, 2H). "C{'H}
NMR (100 MHz, CDCls) & 163.9, 151.1, 135.8, 130.8, 128.5, 128.4, 128.3, 120.1, 69.5. IR
(neat) 3046, 1587, 1498, 1420, 1375, 1313, 1142, 1017, 843, 730, 698 cm™'. MS (ESI) m/z
221 (M+H); HRMS (ESI) m/z calc’d for C;;HoCIN,O [M+H, *CI]": 221.0476; found:

221.0472.
Cl A~
N-N o

(3a-dy): Prepared in two steps from methyl benzoate.”” To a round-bottom flask was charged
methyl benzoate (0.25 mL, 2 mmol) and Et,O (20 mL). The solution was cooled to —5 °C in
an ice bath. Subsequently, LiAID4 (96 mg, 2.28 mmol) was added. The reaction vessel was
stirred for 10 min and allowed to warm to room temperature for 30 min. The suspension was
cooled to —5 °C and quenched with 10% sat’d NH4Cl and the layers were separated. The
aqueous phase was extracted with 2 x 20 mL Et;0. The combined organic extracts were
washed with 20 mL 1M HCI, 20 mL 10% NaHCOs3, 20 mL brine, dried over Na,;SOy, filtered
and concentrated in vacuo to give the crude benzyl alcohol-a,a-d, as a pale yellow oil (216
mg, 1.98 mmol, 98%). All spectral data are in agreement with reported literature data.”® 'H
NMR (400 MHz, CDCl3) & 7.38-7.28 (m, 5H). MS (EI) m/z 110 (M). The crude material was
dissolved in dioxane (1 mL) and added to a homogeneous solution of 3,6-dichloropyridazine
in dioxane (4 mL) in a scintillation vial. The reaction vessel was immersed in a room
temperature water bath. To this solution was added potassium fert-butoxide (445 mg, 3.97
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mmol) and stirred for 1 h. The solution was diluted with 5 mL EtOAc and washed with 5 mL
H,0. The aqueous layer was extracted with 3 x 5 mL EtOAc. The combined organic layers
were dried over MgSQ,, filtered, and concentrated in vacuo and the resulting residue was
purified by column chromatography (eluent: hexane/EtOAc = 97.5:2.5 to 96:4, v/v) to afford
the title compound (79%). White solid; m.p. 64-65 °C. '"H NMR (400 MHz, CDCl;) & 7.49
(dd, J = 1.5Hz, J = 8.1Hz, 2H), 7.42-7.33 (m, 4H), 7.00 (d, J = 9.2Hz, 1H). °C NMR (100
MHz, CDCls) § 164.2, 151.3, 135.8, 131.0, 128.7, 128.6, 121.8, 120.4, 69.13 (td, J = 22.6Hz,
J = 45.7Hz, 1H). °D NMR (61 MHz, CDCl3) § 5.54 (s, 2D). IR (neat) 3056, 1590, 1425,
1314, 1252, 1189, 1148, 1089, 1074, 1051, 1022, 975, 853 cm™. MS (EI) m/z 222 (M);
HRMS (EI) m/z calc’d for C;;N,OCIH;D, [M]: 222.0529; found: 222.0523.

Subjecting 3a-d, to general procedure A at 90 °C for 8 h gave recovered starting material
3a/3a-d1/3a-d; in 57% (3a:3a-d1:3a-d, = 0.01 : 0.19 : 0.80, based on '"H NMR integration;
0.01:0.15: 0.84, based on MS (ESI) integration) and isolated product 4a/4a-d,/4a-d, in 35%
(4a/4a-dy/4a-d, = 0.05 : 0.73 : 0.22, based on "H NMR integration; 0.04 : 0.69 : 0.27, based
on MS (ESI) integration). '"H NMR (400 MHz, CDCl;) & 7.49 (d, J = 8.0Hz, 2H), 7.43-7.34
(m, 4H), 7.00 (d, J = 9.1Hz, 1H), 5.54 (s, 0.03H, 3a), 5.52 (m, 0.19H, 3a-d;). MS (ESI) m/z
221 (M+H, 3a), 222 (M+H, 3a-d;), 223 (M+H, 3a-d,).

Cl

3-Chloro-6-((4-chlorobenzyl)oxy)pyridazine (3b): Prepared by a known procedure.' To a
vial with a Teflon cap was charged potassium tert-butoxide (693 mg, 6.2 mmol) and dioxane.
To this supension was added 4-chlorobenzyl alcohol (598 mg, 4.2 mmol) and
3,6-dichloropyridazine (598 mg, 4.0 mmol). The resulting mixture was heated to reflux
overnight. The solution was quenched with H,O. The aqueous layer was extracted with
EtOAc. The combined organic layers were washed with brine, dried over MgSOy,
concentrated in vacuo and the resulting residue was purified by column chromatography
(eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound (25%). White solid;
m.p. 118-119 °C. '"H NMR (300 MHz, CDCl3) & 7.38 (td, J = 8.5Hz, J = 10.3Hz, 5H), 6.99
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(d, J = 9.2Hz, 1H), 5.50 (s, 2H). "C{'H} NMR (75 MHz, CDCl3) & 163.8, 151.3, 134.3,
134.2, 130.9, 129.8, 128.7, 120.1, 68.7. IR (neat) 3048, 2933, 1585, 1489, 1400, 1308, 1187,
1140, 1085, 1010, 847, 799, 731 cm™. MS (ESI) m/z 255 (M+H); HRMS (ESI) m/z calc’d for
C11HoCLN,O [M+H, **CI]": 255.0086; found: 255.0079.

Cl

3-Chloro-6-((4-methoxybenzyl)oxy)pyridazine (3c): Prepared by a known procedure.' To a
vial with a Teflon cap was charged potassium fert-butoxide (690 mg, 6.2 mmol) and dioxane.
To this supension was added 4-methoxybenzyl alcohol (525 pL, 4.2 mmol) and
3,6-dichloropyridazine (598 mg, 4.0 mmol). The resulting mixture was heated to reflux
overnight. The solution was quenched with H,O. The aqueous layer was extracted with
EtOAc. The combined organic layers were washed with brine, dried over MgSOs,
concentrated in vacuo and the resulting residue was purified by column chromatography
(eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound (33%). White solid;
m.p. 100-102 °C. "H NMR (400 MHz, CDCl3) § 7.42 (d, J = 8.6Hz, 2H), 7.36 (d, J = 9.1Hz,
1H), 6.96 (d, J = 9.1Hz, 1H), 6.92 (d, J = 8.6Hz, 2H), 5.47 (s, 2H), 3.82 (s, 3H). "C{'H}
NMR (100 MHz, CDCl;) & 164.0, 159.8, 151.0, 130.8, 130.4, 127.9, 120.2, 113.9, 69.4, 55.3.
IR (neat) 3016, 1617, 1586, 1516, 1435, 1372, 1299, 1245, 1173, 1147, 1028, 1002, 851, 814,
695 cm™. MS (ESI) m/z 273 (M+Na); HRMS (ESI) m/z calc’d for Cj,H;CIN,0,Na [M+Na,
35Cl]+: 273.0401; found: 273.0397.

Cl x

|
N‘N/ OK./\/ :

O._./Bu

MefS!Me
3-(4-((tert-Butyldimethylsilyl)oxy)butoxy)-6-chloropyridazine (3d): Prepared in two steps
from butane-1,4-diol."** A solution of tert-butyldimethylsilyl chloride (1.53 g, 10 mmol) in
CH,Cl, (6 mL) was added to a stirring solution of butane-1,4-diol (4.4 mL, 50 mmol) and

pyridine (8.1 mL, 100 mmol) in CH,Cl, (12 mL). The resulting pale yellow solution was
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stirred at ambient temperature for 24 h and then concentrated in vacuo. The solution was
quenched with 20 mL water. The aqueous layer was extracted with 4 x 20 mL hexanes. The
combined organic layers were washed with 2 x 25 mL water, dried over MgSQy, filtered, and
concentrated in vacuo and the resulting residue was purified by column chromatography
(eluent: hexane/EtOAc = 90:10 to 70:30, v/v) to afford
4-((tert-butyldimethylsilyl)oxy)butan-1-ol (3h) as a clear oil (1.47 g, 7.2 mmol, 71%). All
spectral data are in agreement with reported literature data.'” "H NMR (400 MHz, CDCl;) &
3.71-3.60 (m, 4H), 2.44 (br s, 1H), 1.71-1.59 (m, 4H), 0.90 (s, 9H), 0.07 (s, 6H). *C{'H}
NMR (100 MHz, CDCls) § 63.3, 62.8, 30.3, 29.9, 25.9, 18.3, —5.4. To a vial with a Teflon
cap was charged potassium zert-butoxide (135 mg, 1.2 mmol) and dioxane. To this supension
was added the 4-((tert-butyldimethylsilyl)oxy)butan-1-ol (202 mg, 1.0 mmol) and
3,6-dichloropyridazine (225 mg, 1.5 mmol). The resulting mixture was heated to reflux
overnight. The solution was quenched with 6 mL H,O. The aqueous layer was extracted with
3 x 6 mL EtOAc. The combined organic layers were washed with 10 mL brine, dried over
MgSQO4, concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound
(85%). Clear oil. '"H NMR (400 MHz, CDCls) § 7.35 (d, J = 9.2Hz, 1H), 6.93 (d, J = 9.2Hz,
1H), 4.50 (t, J = 6.6Hz, 2H), 3.67 (t, J = 6.3Hz, 2H), 1.93-1.83 (m, 2H), 1.73- 1.63 (m, 2H),
0.89 (s, 9H), 0.05 (s, 6H). *C{'H} NMR (100 MHz, CDCl3) & 164.4, 150.8, 130.7, 120.1,
67.9, 62.6, 29.2, 25.9, 25.4, 18.3, -5.3. IR (neat) 3056, 2955, 2857, 1587, 1436, 1382, 1310,
1251, 1191, 1087, 1050, 1005, 972, 830, 772, 700 cm™ . MS (ESI) m/z 339 (M+Na); HRMS
(ESI) m/z calc’d for C14HasCIN,0,SiNa [M+Na, *CI]": 339.1266; found: 339.1270.

3,6-bis(Benzyloxy)pyridazine (3e): Prepared by a known procedure.' To a vial with a Teflon
cap was charged potassium zerz-butoxide (564 mg, 5.0 mmol) and dioxane. To this supension

was added benzyl alcohol (435 pL, 4.2 mmol) and 3,6-dichloropyridazine (301 mg, 2.0
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mmol). The resulting mixture was heated to reflux overnight. The solution was quenched
with H,O. The aqueous layer was extracted with EtOAc. The combined organic layers were
washed with brine, dried over MgSQ4, concentrated in vacuo and the resulting residue was
purified by column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford
the title compound (69%). White solid; m.p. 126-128 °C. "H NMR (400 MHz, CDCl;) & 7.49
(d, J = 8.5Hz, 4H), 7.43-7.31 (m, 6H), 7.00 (s, 2H), 5.49 (s, 4H). "C{'H} NMR (100 MHz,
CDCl3) 6 161.7, 136.6, 128.5, 128.3, 128.1, 121.6, 68.9. IR (neat) 3038, 1470, 1439, 1359,
1266, 1094, 1011, 903, 852, 729, 691 cm'. MS (ESI) m/z 293 (M+H); HRMS (ESI) m/z
calc’d for CisH7N,0, [M+H]+: 293.1284; found: 293.1289.

3,6-Bis((4-chlorobenzyl)oxy)pyridazine (3f): Prepared by a known procedure.! To a vial
with a Teflon cap was charged potassium tert-butoxide (300 mg, 2.7 mmol) and dioxane. To
this supension was added 4-chlorobenzyl alcohol (350 mg, 2.5 mmol) and
3-chloro-6-(4-chlorobenzyloxy)pyridazine (3b) (500 mg, 2.0 mmol). The resulting mixture
was heated to reflux overnight. The solution was quenched with H,O. The aqueous layer was
extracted with EtOAc. The combined organic layers were washed with brine, dried over
MgSO,, concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound
(53%). White solid; m.p. 156-157 °C. '"H NMR (400 MHz, CDCl;) & 7.41 (d, J = 8.5Hz, 4H),
7.35 (d, J = 8.5Hz, 4H), 6.99 (s, 2H), 5.44 (s, 4H). “C{'H} NMR (100 MHz, CDCl;) &
161.5, 135.0, 133.9, 129.6, 128.7, 121.7, 68.0. IR (neat) 3034, 2922, 1489, 1437, 1359, 1267,
1087, 1011, 861, 802, 666 cm™. MS (ESI) m/z 361 (M+H); HRMS (ESI) m/z calc’d for
C15H5CLN,0, [M+H, *°CI]": 361.0505; found: 361.0507.
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3,6-Bis(3-phenylpropoxy)pyridazine (3g): Prepared by a known procedure.' To a vial with
a Teflon cap was charged potassium terz-butoxide (1.01 g, 9.0 mmol) and dioxane. To this
supension was added 3-phenylpropanol (1.14 mL, 8.4 mmol) and 3,6-dichloropyridazine (598
mg, 4.0 mmol). The resulting mixture was heated to reflux overnight. The solution was
quenched with H,O. The aqueous layer was extracted with EtOAc. The combined organic
layers were washed with brine, dried over MgSQOj, concentrated in vacuo and the resulting
residue was purified by column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v)
to afford the title compound (84%). White solid; m.p. 88-89 °C. '"H NMR (400 MHz, CDCl;)
6 7.32-7.25 (m, 4H), 7.20 (dd, J = 7.1Hz, J = 14.6Hz, 6H), 6.91 (s, 2H), 4.44 (t, J = 6.5Hz,
4H), 2.83-2.76 (m, 4H), 2.14 (tt, J = 6.5Hz, J = 13.1Hz, 4H). "C{'H} NMR (100 MHz,
CDCl;) & 161.7, 141.5, 128.4, 128.3, 125.9, 121.4, 66.4, 32.2, 30.5. IR (neat) 3028, 2950,
1605, 1496, 1437, 1379, 1264, 1082, 1026, 999, 908, 851, 759, 726, 694 cm™'. MS (ESI) m/z
349 (M+H); HRMS (ESI) m/z calc’d for C;;H,sN>0, [M+H]+: 349.1910; found: 349.1903.

1-(Benzyloxy)isoquinoline (5a): Prepared by a known procedure.' To a vial with a Teflon
cap was charged potassium tert-butoxide (123 mg, 1.1 mmol) and dioxane. To this supension
was added benzyl alcohol (109 pL, 1.1 mmol) and 1-chloroisoquinoline (164 mg, 1.0 mmol).
The resulting mixture was heated to reflux overnight. The solution was quenched with H,O.
The aqueous layer was extracted with EtOAc. The combined organic layers were washed
with brine, dried over MgSQ,, concentrated in vacuo and the resulting residue was purified

by column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title
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compound (92%). Pale yellow oil. '"H NMR (300 MHz, CDCl;) & 8.33 (d, J = 8.3Hz, 1H),
8.03 (d, J = 5.9Hz, 1H), 7.75 (d, J = 8.1Hz, 1H), 7.71-7.61 (m, 1H), 7.60-7.50 (m, 3H),
7.47-7.31 (m, 3H), 7.25 (d, J = 5.6Hz, 1H), 5.61 (s, 2H). >C{'H} NMR (75 MHz, CDCl;) &
160.3, 139.6, 137.9, 137.4, 130.4, 128.4, 127.8, 127.7, 126.6, 126.0, 124.2, 119.8, 115.1,
67.8. IR (neat) 3056, 1627, 1569, 1498, 1454, 1400, 1325, 1205, 1158, 1091, 967, 812, 741,
696, 673 cm™. MS (ESI) m/z 236 (M+H); HRMS (ESI) m/z calc’d for CisH;4NO [M+H]":
236.1069; found: 236.1081.

2-Benzyloxyquinoline (5b). Prepared by a known procedure.' To a vial with a Teflon cap
was charged potassium fert-butoxide (134 mg, 1.2 mmol) and dioxane. To this supension was
added benzyl alcohol (113 pL, 1.1 mmol) and 2-chloroquinoline (165 mg, 1.0 mmol). The
resulting mixture was heated to reflux overnight. The solution was quenched with H,O. The
aqueous layer was extracted with EtOAc. The combined organic layers were washed with
brine, dried over MgSQO,, concentrated in vacuo and the resulting residue was purified by
column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title
compound (95%). Pale yellow oil. All spectral data are in agreement with reported literature
data." "H NMR (300 MHz, CDCl3) & 8.01 (d, J = 8.8Hz, 1H), 7.91 (d, J=8.4Hz, 1H), 7.74 (dd,
J=1.1Hz, J=8.0Hz, 1H), 7.66 (ddd, J=1.5Hz, J=7.0Hz, J=8.4Hz, 1H), 7.57 (d, J=8.3Hz, 2H),
7.47-7.32 (m, 4H), 6.99 (d, J=8.8Hz, 1H), 5.59 (s, 2H). *C{'H} NMR (75 MHz, CDCl;) &
161.8, 146.5, 138.8, 137.3, 129.5, 128.4, 128.3, 127.8, 127.4, 127.3, 125.2, 124.0, 113.2,
67.6. IR (neat) 3030, 1604, 1573, 1506, 1475, 1427, 1393, 1309, 1257, 1111, 999, 821, 755,
695 cm”. MS (ESI) m/z 236 (M+H); HRMS (ESI) m/z calc’d for Ci;¢H42NO [M+H]™:
236.1069; found: 236.1077.

¢
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2-(Benzyloxy)pyrimidine (5c): Prepared by a known procedure.' To a vial with a Teflon cap
was charged potassium fert-butoxide (678 mg, 6.0 mmol) and dioxane. To this supension was
added benzyl alcohol (435 pL, 4.2 mmol) and 2-chloropyrimidine (453 mg, 4.0 mmol). The
resulting mixture was heated to reflux overnight. The solution was quenched with H,O. The
aqueous layer was extracted with EtOAc. The combined organic layers were washed with
brine, dried over MgSO,, concentrated in vacuo and the resulting residue was purified by
column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title
compound (34%). Pale yellow oil. All spectral data are in agreement with reported literature
data." "H NMR (400 MHz, CDCl;) & 8.53 (d, J = 4.8Hz, 2H), 7.49 (d, J = 6.9Hz, 2H),
7.40-7.28 (m, 3H), 6.94 (t, J = 4.8Hz, 1H), 6.45 (s, 2H). "C{'H} NMR (75 MHz, CDCl3) &
165.0, 159.2, 136.4, 128.3, 127.9, 126.9, 115.1, 68.9. IR (neat) 3034, 1576, 1562, 1418, 1365,
1317, 1005, 808, 736, 697 cm™. LRMS (EI) m/z 186 (M); HRMS (EI) m/z calc’d for
Ci11HoN,O [M]": 186.0793; found: 186.0796.

O,
e

2-(Benzyloxy)pyrazine (5d): Prepared by a known procedure.' To a vial with a Teflon cap
was charged potassium fert-butoxide (250 mg, 2.2 mmol) and dioxane. To this supension was
added benzyl alcohol (217 pL, 2.1 mmol) and 2-chloropyrazine (178 pL, 2.0 mmol). The
resulting mixture was heated to reflux overnight. The solution was quenched with H,O. The
aqueous layer was extracted with EtOAc. The combined organic layers were washed with
brine, dried over MgSQO., concentrated in vacuo and the resulting residue was purified by
column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title
compound (93%). Pale yellow oil. All spectral data are in agreement with reported literature
data.! "H NMR (400 MHz, CDCl3) & 8.30 (d, J = 1.3Hz, 1H), 8.14 (d, J = 2.8Hz, 1H), 8.10
(dd, J = 1.4Hz, J = 2.8Hz, 1H), 7.46 (d, J = 7.2Hz, 2H), 7.43-7.31 (m, 3H), 5.40 (s, 2H).
BC{'H} NMR (100 MHz, CDCl3) & 160.0, 140.4, 136.7, 136.3, 136.1, 128.5, 128.1, 128.0,
67.8. IR (neat) 3062, 1580, 1531, 1468, 1412, 1361, 1284, 1192, 1152, 1060, 1005, 837, 735,
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697 cr’'. MS (EI) m/z 186 (M); HRMS (EI) m/z calc’d for C;;H oN,O: 186.0793 (M); found:
186.0789.

2-((Furan-2-ylmethyl)thio)pyridine (5e): Prepared by a known procedure.' To a vial with a
Teflon cap was charged potassium fert-butoxide (680 mg, 6.1 mmol) and dioxane. To this
supension was added furfuryl mercaptan (425 pL, 4.2 mmol) and 2-chloropyridine (380 pL,
4.0 mmol). The resulting mixture was heated to reflux overnight. The solution was quenched
with H,O. The aqueous layer was extracted with EtOAc. The combined organic layers were
washed with brine, dried over MgSQOs, concentrated in vacuo and the resulting residue was
purified by column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford
the title compound (53%). Dark red oil. '"H NMR (400 MHz, CDCl3) & 8.46 (d, J = 4.9Hz,
1H), 7.48 (dt, J = 7.6 and 1.9Hz, 1H), 7.33 (d, J = 1.9Hz, 1H), 7.18 (d, J = 7.9Hz, 1H), 7.00
(dd, J = 7.4 and 4.9Hz, 1H), 6.28 (d, J = 3.1Hz, 1H), 6.24 (d, J = 3.1Hz, 1H), 4.48 (s, 2H).
BC{'H} NMR (100 MHz, CDCl3) 8 157.9, 151.4, 149.4, 141.9, 136.0, 122.3, 119.7, 110.5,
107.6, 26.6. IR (neat) 2963, 1577, 1556, 1453, 1414, 1149, 1122, 1009, 934, 757, 733 cm’".
MS (ESI) m/z 192 (M+H); HRMS (ESI) m/z calc’d for C;oH;(NOS [M+H]": 192.0477;

found: 192.0480.
Me

N
oL
O
2-(Benzyloxy)-1-methyl-1H-benzo[d]imidazole (5f). Prepared in two steps from

. 1, 21
2-chloroimidazole.™

To a flask was charged 2-chloroimidazole (503 mg, 3.3 mmol),
potassium carbonate (620 mg, 4.5 mmol) and N,N-dimethylformamide (12 mL).
Subsequently, methyl iodide (225 pL, 3.6 mmol) was added and the reaction mixture was
allowed to stir at room temperature for 5 h. The suspension was diluted with 40 mL H,O and
extracted with 4 x 40 mL EtOAc. The combined organic layers was washed with 5 x 40 mL
H,0O and 40 mL brine. The organic layer was dried over MgSQys, filtered, and concentrated in

vacuo to afford 2-chloro-1-methyl-1H-benzoimidazole (503 mg, 3.0 mmol, 92%). 'H NMR
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(400 MHz, CDCls) & 7.73-7.66 (m, 1H), 7.34-7.27 (m, 3H), 3.79 (s, 3H). MS (EI) m/z 166
(M). To a vial with a Teflon cap was charged potassium zert-butoxide (145 mg, 1.3 mmol)
and dioxane. To this supension was added benzyl alcohol (114 pL, 1.1 mmol) and
2-chloro-1-methyl-1H-benzoimidazole (166 mg, 1.0 mmol). The resulting mixture was
heated to reflux overnight. The solution was quenched with H,O. The aqueous layer was
extracted with EtOAc. The combined organic layers were washed with brine, dried over
MgSO,, concentrated in vacuo and the resulting residue was purified by column
chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title compound
(53%). Colorless oil. '"H NMR (300 MHz, CDCl3) & 7.59 (dd, J = 3.5Hz, J = 5.2Hz, 1H),
7.52 (dd, J = 1.4Hz, J = 7.7Hz, 2H), 7.46-7.34 (m, 3H), 7.24-7.12 (m, 3H), 5.60 (s, 2H), 3.57
(s, 3H). "C{'H} NMR (75 MHz, CDCl;) § 157.4, 140.0, 135.7, 134.3, 128.6, 128.5, 128.1,
121.5, 120.9, 117.6, 107.9, 71.6. IR (neat) 3010, 2940, 1622, 1531, 1452, 1360, 1284, 1208,
1123, 996, 739, 699 cm™. MS (ESI) m/z 239 (M+H); HRMS (ESI) m/z calc’d for C;5H;sN,O
[M+H]": 239.1178; found: 239.1177.

0]
e

O
2-(Benzyloxy)benzo[d]oxazole (5g). Prepared by a known procedure.' To a vial with a
Teflon cap was charged potassium fert-butoxide (268 mg, 2.4 mmol) and dioxane. To this
supension was added benzyl alcohol (226 pL, 2.2 mmol) and 2-chlorobenzoxazole (228 pL,
2.0 mmol). The resulting mixture was heated to reflux overnight. The solution was quenched
with H,O. The aqueous layer was extracted with EtOAc. The combined organic layers were
washed with brine, dried over MgSQ4, concentrated in vacuo and the resulting residue was
purified by column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford
the title compound (71%). White solid; m.p. 47-48 °C. 'H NMR (300 MHz, CDCls) 6 7.52 (d,
J =7.9Hz, 3H), 7.46-7.32 (m, 4H), 7.26 (t, J = 7.6Hz, 1H), 7.19 (t, J = 7.7Hz, 1H), 5.58 (s,
2H). “C{'H} NMR (75 MHz, CDCL;) & 163.4, 148.5, 141.0, 134.4, 128.9, 128.7, 128.4,
124.2, 122.8, 117.9, 109.7, 73.5. IR (neat) 3055, 2933, 1778, 1630, 1571, 1498, 1448, 1389,

1351, 1322, 1247, 1168, 1110, 1009, 976, 728 cm™ . MS (ESI) m/z 226 (M+H); HRMS (ESI)
m/z calc’d for C14H,NO, [M+H]': 226.0862; found: 226.0863.
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S

(2

2-Benzyloxythiazole (5h). Prepared by a known procedure.' To a vial with a Teflon cap was
charged potassium tert-butoxide (496 mg, 4.4 mmol) and dioxane. To this supension was
added benzyl alcohol (435 pL, 4.2 mmol) and 2-bromothiazole (355 pL, 4.0 mmol). The
resulting mixture was heated to reflux overnight. The solution was quenched with H,O. The
aqueous layer was extracted with EtOAc. The combined organic layers were washed with
brine, dried over MgSQO., concentrated in vacuo and the resulting residue was purified by
column chromatography (eluent: hexane/EtOAc = 99:1 to 80:20, v/v) to afford the title
compound (81%). Pale yellow oil. 'H NMR (400 MHz, CDCls) & 7.49-7.44 (m, 2H),
7.43-7.32 (m, 3H), 7.16 (d, J = 3.8Hz, 1H), 6.69 (d, J = 3.8Hz, 1H), 5.46 (s, 2H). "C{'H}
NMR (100 MHz, CDCls) 6 174.8, 136.8, 135.5, 128.6, 128.5, 128.2, 111.3, 73.0. IR (neat)
3033, 1519, 1475, 1370, 1307, 1215, 1161, 1060, 952, 863, 696 cm™'. MS (ESI) m/z 192
(M+H); HRMS (ESI) m/z calc’d for C;oH;(NOS [M+H]": 192.0477; found: 192.0483.

Migratory rearrangement products

(L

N™ O

O

1-Benzylpyridin-2(1H)-one (2a): Prepared from la according to general procedure A (91%).
All spectral data are in agreement with reported literature data.' Thick yellow oil. '"H NMR
(400 MHz, CDCls) & 7.25-7.17 (m, 7H), 6.52 (d, J = 8.9Hz, 1H), 6.05 (dt, J = 1.3Hz, J =
6.7Hz, 1H), 5.06 (s, 2H). °C NMR (100 MHz, CDCl;) § 162.7, 139.5, 137.3, 136.4, 128.9,
128.2, 128.0, 121.3, 106.3, 51.9.

1-(4-Methylbenzyl)pyridin-2(1H)-one (2b): Prepared from 1b according to general
procedure A at 80 °C (76%). Light brown solid; m.p. 63-65 °C. All spectral data are in
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agreement with reported literature data.' '"H NMR (300 MHz, CDCl3) & 7.37-7.10 (m, 6H),
6.60 (d, J=9.1Hz, 1H), 6.12 (t, J = 6.7Hz, 1H), 5.10 (s, 2H), 2.33 (s, 3H). "C{'H} NMR (75
MHz, CDCl3) 8 162.6, 139.2, 137.7, 137.0, 133.3, 129.4, 128.1, 121.0, 106.0, 51.5, 21.0. IR
(neat) 3026, 1655, 1586, 1537, 1346, 1141, 1021, 766 cm™. MS (EI) m/z 199 (M); HRMS
(EI) m/z calc’d for C;3H13NO [M]+: 199.0997; found: 199.1000.

L
N (@]

‘Bu

1-(4-(tert-Butyl)benzyl)pyridin-2(1H)-one (2c): Prepared from 1c according to general
procedure A at 90 °C (99%). White solid, m.p. 123-125 °C. '"H NMR (400 MHz, CDCl;) &
7.35 (d, J = 8.1Hz, 2H), 7.32-7.21 (m, 4H), 6.59 (d, J = 9.0Hz, 1H), 6.12 (t, J = 6.5Hz, 1H),
5.10 (s, 2H), 1.29 (s, 9H). °C NMR (100 MHz, CDCl3) § 162.7, 151.0, 139.4, 137.4, 133.4,
128.0, 125.8, 121.2, 106.1, 51.6, 34.6, 31.4. IR (neat) 2961, 1654, 1582, 1537, 1267, 1140,
1023, 839, 767 cm™'. MS (EI) m/z 241 (M); HRMS (EI) m/z calc’d for C¢HioNO [M]':
241.1467; found: 241.1462.

Q.

1-([1,1'-Biphenyl]-4-ylmethyl)pyridin-2(1H)-one (2d): Prepared from 1d according to
general procedure A at 90 °C (99%). White solid; 128-130 °C. '"H NMR (400 MHz, CDCls) &
7.54 (d, J = 7.9Hz, 4H), 7.41 (t, J = 7.5Hz, 2H), 7.38-7.26 (m, 5H), 6.61 (d, J = 9.0Hz, 1H),
6.13 (t, J = 6.6Hz, 1H), 5.16 (s, 2H). °C NMR (100 MHz, CDCl;) & 162.7, 141.0, 140.6,
139.5, 137.3, 135.5, 128.8, 128.6, 127.6, 127.5, 127.1, 121.3, 106.2, 51.7. IR (neat) 2926,
1645, 1586, 1535, 1154, 761, 751, 693 cm™'. MS (EI) m/z 261 (M), HRMS (EI) m/z calc’d for
CisH sNO [M]": 261.1154; found: 261.1161.
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(L

N™ O

o
1-(3-Chlorobenzyl)pyridin-2(1H)-one (2e): Prepared from le according to general
procedure A (95%). All spectral data are in agreement with reported literature data.' "H NMR
(400 MHz, CDCls) & 7.27-7.23 (m, 1H), 7.20-7.18 (m, 4H), 7.11-7.09 (m, 1H), 6.53 (d, J =
8.8Hz, 1H), 6.09 (dt, J = 1.4Hz, J = 6.7Hz, 1H), 5.02 (s, 2H). “C{'H} NMR 162.6, 139.7,
138.5,137.3, 134.8, 130.2, 128.3, 128.1, 126.2, 121.4, 106.5, 51.5.

1-(4-chlorobenzyl)pyridin-2(1H)-one (2f): Prepared from 1f according to general procedure
A at 80 °C (89%). White solid; m.p. 68-70 °C. All spectral data are in agreement with
reported literature data." "H NMR (400 MHz, CDCl3) & 7.36-7.22 (m, 6H), 6.61 (d, J =
6.7Hz, 1H), 6.16 (t, J = 6.7Hz, 1H), 6.10 (s, 2H). *C{'H} NMR (100 MHz, CDCl;) & 162.4,
139.5, 137.0, 134.9, 133.8, 129.4, 128.9, 121.3, 106.3, 51.3. IR (neat) 2921, 1646, 1582,
1534, 1490, 1435, 1343, 1244, 1152, 1088, 1016, 860, 802, 763, 734 cm™'. MS (EI) m/z 219
(M); HRMS (EI) m/z calc’d for C,H;oCINO [M]": 219.0451; found: 219.0449.

1-(4-Fluorobenzyl)pyridin-2(1H)-one (2g): Prepared from 1g according to general
procedure A at 90 °C (88%). White solid; m.p. 80-82 °C. '"H NMR (400 MHz, CDCls) &
7.34-7.24 (m, 4H), 7.02 (t, J = 8.6Hz, 2H). 6.60 (d, J = 9.1Hz, 1H), 6.15 (dt, J = 1.1Hz, J =
6.7Hz, 1H), 5.10 (s, 2H). °C NMR (100 MHz, CDCl;) § 163.8, 162.7, 161.3, 139.6, 137.2,
132.3 (J = 3.0Hz), 115.8 (J = 21.7Hz), 106.4, 51.4. ’F NMR (376 MHz, CDCl;) & —113.15.
IR (neat) 2958, 1653, 1581, 1506, 1435, 1352, 1221, 1151, 1087, 831, 758, 721 cm™. MS
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(ESI) m/z 204 (M+H), 226 (M+Na); HRMS (ESI) m/z calc’d for C;oH;;FNO [M+H]":
204.0819; found: 204.0825.

be

1-(2-Bromobenzyl)pyridin-2(1H)-one (2h): Prepared from 1h according to general
procedure A at 120 °C (66%). Off-white solid; m.p. 98-100 °C. "H NMR (400 MHz, CDCl;)
0 7.58 (dd, J = 1.1Hz, J = 8.4Hz, 1H), 7.38-7.32 (m, 1H), 7.29 (dd, J = 2.1Hz, J = 6.9Hz,
1H), 7.24 (dd, J = 1.6Hz, J = 7.4Hz, 1H), 7.19-7.14 (m, 2H), 6.63 (d, J = 8.9Hz, 1H), 6.17
(dt, J = 1.4Hz, J = 6.7Hz, 1H), 5.25 (s, 2H). ?C NMR (100 MHz, CDCl3) & 162.8, 139.7,
137.5, 135.5, 133.1, 129.9, 129.6, 128.1, 123.6, 121.3, 106.4, 51.9. Peaks from a minor
rotamer are also observed. IR (neat) 3068, 2923, 1655, 1582, 1533, 1463, 1438, 1415, 1390,
1347, 1146, 1022, 753 cm™. MS (EI) m/z 263 (M, "Br), 265 (M, *'Br); HRMS (EI) m/z
calc’d for C1,HoNOBr [M]": 262.9946; found: 262.9951.

1-(4-Bromobenzyl)pyridin-2(1H)-one (2i): Prepared from 1i according to general procedure
A at 100 °C (83%). White solid; m.p. 86-88 °C. '"H NMR (400 MHz, CDCl3) & 7.45 (d, J =
8.4Hz, 1H), 7.32 (ddd, J = 2.1Hz, J = 6.6Hz, J = 9.0Hz, 1H), 7.25 (dd, J = 1.8Hz, J =
6.8Hz, 1H), 7.18 (d, J = 8.4Hz, 2H), 6.60 (d, J = 9.1Hz, 1H), 6.15 (dt, J = 1.3Hz, J = 6.7Hz,
1H), 5.08 (s, 2H). >C NMR (100 MHz, CDCl;) § 162.6, 140.0, 137.2, 135.5, 132.0, 129.9,
122.1, 121.4, 106.5, 51.6. IR (neat) 2923, 1656, 1587, 1487, 1344, 1140, 1010, 845, 770, 760
em’. MS (ED) m/z 263 (M, 7Br), 265 (M, *'Br); HRMS (EI) m/z calc’d for C;,H;o(NOBr
[M]": 262.9946; found: 262.9944.
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1-(4-(Trifluoromethyl)benzyl)pyridin-2(1H)-one (2j): Prepared from 1j according to
general procedure A at 100 °C (96%). White solid; 101-103 °C. 'H NMR (400 MHz, CDCl5)
8 7.59 (d, J = 8.1Hz, 2H), 7.40 (d, J = 8.1Hz, 2H), 7.34 (ddd, J = 2.0Hz, J = 6.6Hz, J =
8.9Hz, 1H), 7.29 (dd, J = 1.6Hz, J = 6.7Hz, 1H), 6.62 (d, J = 9.1Hz, 1H), 6.18 (dt, J =
1.3Hz, J = 6.7Hz, 1H), 5.19 (s, 1H). "C{'H} NMR (100 MHz, CDCl;) & 162.6, 140.5 (d, J =
1.3Hz), 139.8, 137.3, 130.3 (q, J = 32.4Hz), 128.2, 125.9 (q, J = 3.7Hz), 124.1 (q, J =
272.2Hz), 121.5, 106.6, 51.8. "’F NMR (376 MHz, CDCLs) & —61.7. IR (neat) 2926, 1660,
1587, 1539, 1416, 1322, 1099, 1012, 817, 766, 730 cm™'. MS (ESI) m/z 254 (M+H), 276
(M+Na); HRMS (ESI) m/z calc’d for Ci3H; NOF; [M+H]": 254.0787; found: 254.0775.

(L

N™ "0

OMe
O

Methy! 4-((2-oxopyridin-1(2H)-yl)methyl)benzoate (2k): Prepared from 1k according to
general procedure A at 90 °C (99%). Off-white solid; m.p. 127-128 °C. '"H NMR (400 MHz,
CDCl) 6 8.00 (d, J = 8.2Hz, 2H), 7.34 (d, J = 8.2Hz, 3H), 7.29 (d, J = 8.4Hz, 1H), 6.62 (d, J
= 9.2Hz, 1H), 6.17 (t, J = 6.6Hz, 1H), 5.19 (s, 2H), 3.90 (s, 3H). °C NMR (100 MHz,
CDCl3) 6 166.7, 162.6, 141.5, 139.7, 137.3, 130.2, 129.8, 127.8, 121.4, 106.5, 52.2, 51.8. IR
(neat) 2956, 1715, 1651, 1580, 1532, 1438, 1278, 1115, 1022, 843, 765, 746, 730 cm™. MS
(ESI) m/z 244 (M+H), 266 (M+Na); HRMS (ESI) m/z calc’d for C14H4NO3 [M+H]":
244.0968; found: 244.0974.

L

N™ O

UOMB

1-(3-Methoxybenzyl)pyridin-2(1H)-one (2I): Prepared from 1l according to general
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procedure A at 90 °C (78%)." All spectral data are in agreement with reported literature data.'
'H NMR (400 MHz, CDCl3) & 7.24-7.15 (m, 3H), 6.79-6.74 (m, 3H), 6.52 (d, J = 9.1Hz,
1H), 6.05 (dt, J = 1.4Hz, J = 6.7Hz, 1H), 5.03 (s, 2H), 3.69 (s, 3H). “C{'H} NMR (100
MHz, CDCls) 6 162.7, 160.1, 139.5, 138.0, 137.3, 130.0, 121.3, 120.4, 113.9, 106.2, 55.3,
51.8.

1-(4-Methoxybenzyl)pyridin-2(1H)-one (2m): Prepared from 1m according to general
procedure A at 90 °C (99%). White solid. All spectral data are in agreement with reported
literature data.” "' "H NMR (400 MHz, CDCls) & 7.30-7.24 (m, 4H), 6.86 (d, J = 8.7Hz, 2H),
6.58 (d, J = 9.1Hz, 1H), 6.11 (dt, J = 1.3Hz, J = 6.7Hz, 1H), 5.06 (s, 2H), 3.78 (s, 3H).
BC{'H} NMR (100 MHz, CDCls) § 162.7, 159.5, 139.3, 137.1, 129.8, 121.2, 114.3, 106.1,
55.3,51.4.

In a competition experiment, 1m (0.1 mmol) and 1p (0.1 mmol) were subjected to general

procedure A at 90 °C. No crossover was observed. 2m was isolated in 99% yield.

1-(3-(Benzyloxy)benzyl)pyridin-2(1H)-one (2n): Prepared from 1n according to general
procedure A at 90 °C (88%). Off-white solid; 79-81 °C. 'H NMR (400 MHz, CDCl;) &
7.42-7.33 (m, 4H), 7.32-7.27 (m, 1H), 7.25 (d, J = 3.3Hz, 1H), 7.21 (d, J = 5.7Hz, 1H),
6.92-6.85 (m, 3H), 6.59 (d, J = 9.1Hz, 1H), 6.10 (t, J = 6.6Hz, 1H), 5.09 (s, 2H), 5.01 (s,
2H). *C NMR (100 MHz, CDCl;) § 162.7, 159.2, 139.5, 138.0, 137.3, 136.8, 130.0, 128.6,
128.0, 127.6, 121.2, 120.6, 114.7, 114.3, 106.2, 70.0, 51.7. IR (neat) 2922, 1663, 1580, 1531,
1280, 1145, 1021, 849, 783, 761, 727, 700 cm™. MS (ESI) m/z 292 (M+H), 214 (M+Na), 330
(M+K); HRMS (ESI) m/z calc’d for C19H;sNO, [M+H]": 292.1332; found: 292.1339.
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CL

I\ll 0]

©

1-Benzyl-3-methylpyridin-2(1H)-one (20): Prepared from 10 according to general
procedure A at 80 °C (90%). Light brown viscous oil. All spectral data are in agreement with
reported literature data.! '"H NMR (400 MHz, CDCl3) 6 7.37-7.27 (m, 5H), 7.17 (t, J= 7.7Hz,
2H), 6.07 (t, J = 6.8Hz, 1H), 5.15 (s, 2H), 2.17 (s, 3H). "C{'H} NMR (100 MHz, CDCl;) &
162.9, 136.6, 136.5, 134.5, 130.1, 128.7, 128.0, 127.8, 105.7, 52.1, 17.3. IR (neat) 2920,
1649, 1594, 1559, 1495, 1454, 1382, 1215, 1082, 865, 760, 703 cm™ . MS (EI) m/z 199 (M);
HRMS (EI) m/z calc’d for C;3H;3NO: 199.0997; found: 199.0993.

1-(4-Chlorobenzyl)-3-methylpyridin-2(1H)-one (2p): Prepared from 1p according to
general procedure A at 80 °C (90%). Off-white solid; m.p. 66-68 °C. '"H NMR (400 MHz,
CDCl3) 6 7.32-7.22 (m, 4H), 7.19 (d, J = 6.7Hz, 1H), 7.16 (d, J = 6.8Hz, 1H), 6.09 (t, J =
6.8Hz, 1H), 5.10 (s, 2H), 2.17 (s, 3H). C{'H} NMR (100 MHz, CDCl3) & 162.9, 136.7,
135.1, 134.4, 133.7, 130.3, 129.4, 128.9, 105.9, 51.8, 17.3. IR (neat) 2921, 1651, 1588, 1555,
1486, 1418, 1374, 1227, 1090, 1009, 799, 760 cm™. MS (EI) m/z 233 (M); HRMS (EI) m/z
calc’d for C13H,CINO [M]": 233.0607; found: 233.0605.

In a competition experiment, 1m (0.1 mmol) and 1p (0.1 mmol) were subjected to general
procedure A at 90 °C. No crossover was observed. 2p was isolated in 95% yield.

CC

N™ ~O

: OMe

1-(4-Methoxybenzyl)-3-methylpyridin-2(1H)-one (2q): Prepared from 1q according to
general procedure A at 80 °C (85%). Light brown viscous oil. '"H NMR (300 MHz, CDCl;) &
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7.27 (d, J = 8.6Hz, 2H), 7.16 (d, J = 6.7Hz, 2H), 6.86 (d, J = 8.6Hz, 2H), 6.06 (t, J = 6.7Hz,
1H), 5.08 (s, 2H), 3.78 (s, 3H), 2.17 (s, 3H). *C{'H} NMR (75 MHz, CDCl;) & 162.9,
159.2, 136.4, 134.3, 129.9, 129.6, 128.6, 114.1, 105.7, 55.2, 51.6, 17.3. IR (neat) 2936, 1648,
1593, 1558, 1512, 1442, 1382, 1300, 1247, 1176, 1032, 818, 757 com™. MS (EI) m/z 229 (M);
HRMS (EI) m/z calc’d for C4H1sNO, [M]+: 229.1103; found: 229.1099.

1-Benzyl-4-methylpyridin-2(1H)-one (2r): Prepared from 1r according to general
procedure A at 80 °C (92%). Pale brown oil. All spectral data are in agreement with reported
literature data.' "H NMR (300 MHz, CDCL3) & 7.40-7.23 (m, 5H), 7.15 (d, J = 7.0Hz, 1H),
6.42 (s, 1H), 5.99 (dd, J = 1.8Hz, J = 7.0Hz, 1H), 5.11 (s, 2H), 2.17 (s, 3H). *C{'H} NMR
(75 MHz, CDCls) 6 162.5, 150.9, 136.5, 136.0, 128.7, 127.9, 127.7, 119.4, 108.7, 51.3, 21.1.
IR (neat) 3030, 1660, 1582, 1494, 1454, 1327, 1248, 1179, 1074, 855, 729 cm™". MS (EI) m/z
199 (M); HRMS (EI) m/z calc’d for C13H;3NO [M]: 199.0997; found: 199.0994.

1-(4-Chlorobenzyl)-4-methylpyridin-2(1H)-one (2s): Prepared from 1s according to
general procedure A at 80 °C (94%). Off-white solid; m.p. 79-81 °C. '"H NMR (400 MHz,
CDCl3) 8 7.30 (d, J = 8.5Hz, 2H), 7.23 (d, J = 8.5Hz, 2H), 7.14 (d, J = 7.0Hz, 1H), 6.40 (s,
1H), 6.01 (dd, J = 1.8Hz, J = 7.0Hz, 1H), 5.07 (s, 2H), 2.17 (s, 3H). “C{'H} NMR (100
MHz, CDCl;) & 162.4, 151.1, 135.9, 135.1, 133.7, 129.3, 128.9, 119.5, 108.8, 50.8, 21.1. IR
(neat) 2923, 1655, 1588, 1534, 1482, 1433, 1360, 1245, 1174, 1144, 1092, 1014, 973, 848,
771 em’'. MS (EI) m/z 233 (M); HRMS (EI) m/z calc’d for C;3H;,CINO [M]": 233.0607;
found: 233.0601.
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“L

N™ 0

O

1-Benzyl-5-methylpyridin-2(1H)-one (2t): Prepared from 1t according to general procedure
A at 100 °C (98%). Off-white solid, m.p. 64-65 °C. All spectral data are in agreement with
reported literature data.! '"H NMR (400 MHz, CDCl;) 6 7.37-7.26 (m, 5H), 7.17 (dd, J =
2.5Hz, J = 9.3Hz, 1H), 7.03 (s, 1H), 6.57 (d, J = 9.3Hz, 1H), 5.12 (s, 2H), 2.02 (s, 3H).
“C{'H} NMR (100 MHz, CDCl;) & 161.8, 141.9, 136.6, 134.5, 128.7, 127.9, 127.8, 120.8,
115.1, 51.6, 17.0. IR (neat) 3036, 1663, 1583, 1537, 1495, 1429, 1345, 1266, 1207, 1144,
1073, 916, 827, 716, 698 cm™. MS (EI) m/z 199 (M); HRMS (EI) m/z calc’d for C;3H;3NO
[M]": 199.0997; found: 199.1001.

(\iOBn
N™ ~O

1-Benzyl-3-(benzyloxy)pyridin-2(1H)-one (2v): Prepared from 1v according to general
procedure A at 90 °C (99%). Off-white solid. All spectral data are in agreement with reported
literature data.'> "H NMR (400 MHz, CDCl3) & 7.43 (d, J = 7.2Hz, 2H), 7.37-7.24 (m, 8H),
6.88 (d, J = 6.6Hz, 1H), 6.61 (d, J = 7.1Hz, 1H), 5.97 (t, J = 7.1Hz, 1H), 5.15 (s, 2H), 5.10
(s, 2H). C NMR (100 MHz, CDCl3) & 158.3, 149.0, 136.5, 136.3, 128.8, 128.7, 128.5,
128.3, 127.9, 1274, 115.5, 104.9, 52.0. IR (neat) 3064, 2922, 1648, 1595, 1452, 1253,
1057, 764, 723, 691 cm™. MS (ESI) m/z 292 (M+H), 214 (M+Na), 330 (M+K); HRMS (ESI)
m/z calc’d for C9H1sNO, [M+H]+: 292.1332; found: 292.1332.

O

1-Benzyl-5-chloropyridin-2(1H)-one (2w): Prepared from 1w according to general
procedure A at 110 °C (87%). Off-white solid; m.p. 80-82 °C. '"H NMR (400 MHz, CDCl;) &
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7.39-7.22 (m, 7H), 6.58 (d, J = 9.6Hz, 1H), 5.09 (s, 2H). *C NMR (100 MHz, CDCl;) &
161.1, 140.5, 135.8, 134.7, 129.1, 128.44, 128.37, 122.1, 112.5, 52.2. IR (neat) 3050, 1655,
1582, 1529, 1435, 1154, 828, 746, 701, 669 cm™'. MS (EI) m/z 219 (M, *°Cl), 221 (M, *'Cl);
HRMS (EI) m/z calc’d for C1,H;oNOCI [M, **CI]™: 219.0451; found: 219.0450.

@Br

N™ ~O

O

1-Benzyl-3-bromopyridin-2(1H)-one (2y): Prepared from 1y according to general
procedure A (99%). Yellow oil. 'H NMR (400 MHz, CDCl5) & 7.71 (dd, J = 1.9Hz, J =
7.2Hz, 1H), 7.38-7.28 (m, 6H), 6.06 (t, J = 7.0Hz, 1H), 5.18 (s, 2H). "C{'H} NMR (100
MHz, CDCl3) 6 159.2, 141.5, 136.7, 135.8, 129.1, 128.6, 128.5, 117.1, 106.3, 53.6. IR (neat)
3062, 1647, 1596, 1523, 1455, 1373, 1215, 1117, 1079, 1059, 845, 752, 699 cm™’. MS (ED)
m/z 263 (M, "Br), 265 (M, *'Br); HRMS (EI) m/z calc’d for C;,H;(NOBr [M, "Br]":
262.9946; found: 262.9945.

1-(Naphthalen-2-ylmethyl)pyridin-2(1H)-one (2aa): Prepared from laa according to
general procedure A (99%). White solid. All spectral data are in agreement with reported
literature data." "H NMR (400 MHz, CDCl3) & 7.79 (dd, J = 4.6Hz, J = 8.3Hz, 3H), 7.71 (s,
1H), 7.47-7.45 (m, 2H), 7.40 (dd, J = 1.6Hz, J = 8.5Hz, 1H), 7.31-7.25 (m, 3H), 6.62 (d, J =
9.0Hz, 1H), 6.10 (dt, J = 1.3Hz, J = 6.7Hz, 1H), 5.27 (s, 2H). "C{'H} NMR (100 MHz,
CDCl3) & 162.8, 139.5, 137.3, 134.0, 133.3, 133.0, 128.9, 127.9, 127.8, 127.2, 126.5, 126.3,
125.9, 121.3, 106.3, 51.9.
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1-(Naphthalen-1-ylmethyl)pyridin-2(1H)-one (2bb): Prepared from 1bb according to
general procedure A at 90 °C (92%). White solid; m.p. 145-147 °C. '"H NMR (400 MHz,
CDCls) § 7.99 (d, J = 6.7Hz, 1H), 7.92-7.84 (m, 2H), 7.59-7.41 (m, 3H), 7.35 (d, J = 7.0Hz,
1H), 7.31 (t, J = 6.7Hz, 1H), 7.12 (d, J = 7.0Hz, 1H), 6.68 (d, J = 8.8Hz, 1H), 6.05 (t, J =
6.7Hz, 1H), 5.62 (s, 2H). "C{'H} NMR (100 MHz, CDCl;) & 162.6, 139.2, 136.3, 133.6,
131.5, 131.3, 129.2, 128.7, 127.6, 127.0, 126.2, 125.3, 123.4, 120.9, 106.2, 48.8. IR (neat)
3064, 1654, 1585, 1536, 1422, 1393, 1253, 1174, 1145, 946, 844, 795, 764 cm™'. MS (ESI)
m/z 258 (M+Na); HRMS (ESI) m/z calc’d for C;sH;3NONa: 258.0889; found: 258.0884.

L

N™ ~0
0]

©
1-(Furan-2-ylmethyl)pyridin-2(1H)-one (2cc): Prepared from 1cc according to general
procedure A at 90 °C (99%). Orange oil. 'H NMR (400 MHz, CDCls) 6 7.30 (dd, J = 0.8Hz,
J = 1.8Hz, 1H), 7.27-7.24 (m, 1H), 7.22-7.20 (m, 1H), 6.49 (d, J = 8.9Hz, 1H), 6.34 (dd, J =
0.5Hz, J = 3.3Hz, 1H), 6.27 (dd, J = 1.9Hz, J = 3.2Hz, 1H), 6.07 (dt, J = 1.4Hz, J = 6.7Hz,
1H), 5.03 (s, 2H). “C{'H} NMR (100 MHz, CDCl3) & 162.4, 149.1, 143.1, 139.6, 136.9,
121.1, 110.8, 110.1, 106.1, 44.5. IR (neat) 3126, 1654, 1582, 1538, 1503, 1144, 1010, 762
cm’l. MS (ESI) m/z 176 (M+H), 198 (M+Na); HRMS (ESI) m/z calc’d for C;oH;oNO,
[M+H]": 176.0706; found: 176.0707.

5-Chloro-1-(furan-2-ylmethyl)pyridin-2(1H)-one (2dd): Prepared from 1dd according to
general procedure A at 90 °C (95%). Off-white solid; m.p. 76-76 °C. '"H NMR (400 MHz,
CDCl3) 8 7.41 (dd, J = 0.5Hz, J = 1.7Hz, 1H), 7.37 (d, J = 2.8Hz, 1H), 7.25 (dd, J = 2.8Hz,
J =9.7Hz, 1H), 6.54 (d, J = 9.7Hz, 1H), 6.45 (d, J = 3.1Hz, 1H), 6.37 (dd, J = 1.9Hz, J =
3.2Hz, 1H), 5.08 (s, 2H). °C NMR (100 MHz, CDCl3) & 160.7, 148.3, 143.4, 140.6, 134.4,
121.9, 112.4, 110.9, 110.6, 44.7. IR (neat) 2923, 1655, 1582, 1527, 1432, 1257, 1147, 1012,
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825, 748, 669 cm™. MS (EI) m/z 209 (M, **CI), 211 (M, *’Cl); HRMS (EI) m/z calc’d for
C10HsNO,CI [M, ¥CI]": 209.0244; found: 209.0247.

1-(Benzofuran-2-ylmethyl)pyridin-2(1H)-one (2ee): Prepared from 1lee according to
general procedure A at 90 °C (81%). Light green solid; m.p. 85-87 °C. '"H NMR (300 MHz,
CDCls) & 7.53 (d, J = 7.7Hz, 1H), 7.44 (d, J = 7.1Hz, 2H), 7.32 (t, J = 6.8Hz, 1H), 7.29 (d, J
= 7.3Hz, 1H), 7.21 (t, J = 7.4Hz, 1H), 6.79 (s, 1H), 6.60 (d, J = 8.9Hz, 1H), 6.18 (t, J =
6.7Hz, 1H), 5.26 (s, 2H). "C{'H} NMR (75 MHz, CDCl3) & 162.1, 155.0, 151.6, 139.6,
137.0, 127.9, 124.5, 122.9, 121.2, 121.0, 111.2, 106.5, 106.1, 45.0. IR (neat) 3062, 1653,
1583, 1537, 1455, 1422, 1336, 1245, 1139, 1100, 1010, 930, 847, 812, 737 cm™. MS (E) m/z
225 (M); HRMS (EI) m/z cale’d for C14H;;NO, [M]": 225.0790; found: 225.0793.

1-(Benzo[d][1,3]dioxol-5-ylmethyl)pyridin-2(1H)-one (2ff): Prepared from 1ff according to
general procedure A at 90 °C (99%). White solid; m.p. 106-108 °C. '"H NMR (400 MHz,
CDCls) 6 7.32-7.25 (m, 2H), 6.82-6.74 (m, 3H), 6.58 (d, J = 9.1Hz, 1H), 6.13 (dt, J = 1.3Hz,
J = 6.7Hz, 1H), 5.93 (s, 2H), 5.03 (s, 2H). *C{'H} NMR (100 MHz, CDCl;) & 162.7, 148.2,
147.5, 139.4, 137.1, 130.2, 121.9, 121.2, 108.8, 108.4, 106.2, 101.2, 51.7. IR (neat) 2914,
1651, 1577, 1496, 1448, 1243, 1037, 925, 758, 728 cm™'. MS (ESI) m/z 230 (M+H), 252
(M+Na); HRMS (ESI) m/z calc’d for C3H;,NO; [M+H]": 230.0811; found: 230.0817.

(L

N™ O

1-Phenethylpyridin-2(1H)-one (29g): Prepared from 1gg according to general procedure A
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at 120 °C (64%). White solid, m.p. 95-96 °C. '"H NMR (400 MHz, CDCl;) § 7.30-7.20 (m,
4H), 7.15 (d, J = 6.8Hz, 2H), 6.89 (dd, J = 1.8Hz, J = 6.7Hz, 1H), 6.58 (d, J = 9.1Hz, 1H),
5.98 (dt, J = 1.3Hz, J = 6.7Hz, 1H), 4.14 (t, J = 7.1Hz, 2H), 3.06 (t, J = 7.1Hz, 2H). *C{'H}
NMR (100 MHz, CDCl3) & 162.6, 139.6, 138.1, 138.0, 129.1, 128.7, 126.8, 121.1, 105.5,
52.1, 35.1. IR (neat) 2943, 1653, 1589, 1534, 1160, 1140, 885, 846, 761, 746, 702 cm™'. MS
(ESI) m/z 200 (M+H), 222 (M+Na); HRMS (ESI) m/z calc’d for C;3H,NO [M+H]":
200.1069; found: 200.1071.

(L

N° O

1-(3-Phenylpropyl)pyridin-2(1H)-one (2hh): Prepared from 1lhh according to general
procedure A at 110 °C (92%). White solid; m.p. 42-44 °C. '"H NMR (400 MHz, CDCls) &
7.30-7.25 (m, 4H), 7.19-7.16 (td, J = 2.2Hz, J = 6.7Hz, 4H), 6.54 (d, J = 9.2Hz, 1H), 6.11
(dt, J = 1.3Hz, J = 6.7Hz, 1H), 3.93 (dd, J = 7.2Hz, 2H), 2.67 (dd, J = 7.6Hz, 2H), 2.08 (td,
J =7.6Hz, J = 15.0Hz, 2H). *C{'H} NMR (100 MHz, CDCls) & 140.9, 139.3, 137.6, 128.5,
128.4, 126.2, 121.2, 105.9, 49.5, 32.8, 30.5. IR (neat) 3024, 2947, 1656, 1587, 1538, 1143,
831, 762, 741, 698 cm™. MS (ESI) m/z 214 (M+H), 236 (M+Na); HRMS (ESI) m/z calc’d for
C14HsNO [M+H]": 214.1226; found: 214.1229.

Me Me

1-(2-((tert-Butyldimethylsilyl)oxy)ethyl)pyridin-2(1H)-one  (2ii): Prepared from 1lii
according to general procedure A at 120 °C (65%). Yellow oil. "H NMR (400 MHz, CDCl5) &
7.35-7.29 (m, 2H), 6.55 (dd, J = 1.2Hz, J = 9.7Hz, 1H), 6.11 (dt, J = 1.3Hz, J = 6.7Hz, 1H),
4.05 (m, 2H), 3.90 (m, 2H), 0.83 (s, 9H), —0.08 (s, 6H). >C{'H} NMR (100 MHz, CDCl;) &
162.6, 139.6, 139.5, 120.6, 104.9, 60.8, 52.3, 25.8, 18.1, -5.7. IR (neat) 2928, 2856, 1654,
1574, 1539, 1463, 1360, 1252, 1103, 1057, 935, 834, 772 cm™'. MS (ESI) m/z 254 (M+H);
HRMS (ESI) m/z calc’d for Ci3H24NO,Si [M+H]": 254.1570; found: 254.1571.
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2-Benzyl-6-chloropyridazin-3(2H)-one (4a): Prepared from 3a according to general
procedure A at 90 °C (70%). Light brown solid; m.p. 85-87 °C. All spectral data are in
agreement with reported literature data.”” "H NMR (300 MHz, CDCl;) 6 7.44 (d, J = 6.6Hz,
2H), 7.37-7.29 (m, 3H), 7.15 (d, J = 9.7Hz, 1H), 691 (d, J = 9.7Hz, 1H), 5.25 (s, 2H).
BC{'H} NMR (75 MHz, CDCl3) & 158.7, 137.4, 135.5, 133.6, 132.1, 128.8, 128.6, 128.1,
55.4. IR (neat) 3032, 1654, 1574, 1493, 1438, 1396, 1294, 1207, 1128, 1061, 937, 900, 838,
748, 697 cm™ . MS (EI) m/z 220 (M); HRMS (EI) m/z calc’d for C;;HyCIN,O [M]": 220.0403;
found: 220.0402.

Subjecting 3a-d, to general procedure A at 90 °C for 8 h gave recovered starting material
3a/3a-di/3a-d; in 57% (3a:3a-d;:3a-d, = 0.01 : 0.19 : 0.80, based on '"H NMR integration;
0.01:0.15 : 0.84, based on MS (ESI) integration) and isolated product 4a/4a-di/4a-d; in 35%
(4a/d4a-d,/4a-d, = 0.05 : 0.73 : 0.22, based on "H NMR integration; 0.04 : 0.69 : 0.27, based
on MS (ESI) integration). 'H NMR (400 MHz, CDCl3) § 7.44 (d, J = 6.6Hz, 2H), 7.37-7.29
(m, 3H), 7.15 (d, J = 9.7Hz, 1H), 6.91 (d, J = 9.7Hz, 1H), 5.25 (s, 0.10H, 4a), 5.23 (m,
0.73H, 4a-d;). MS (ESI) m/z 221 (M+H, 4a), 222 (M+H, 4a-d;), 223 (M+H, 4a-d,).

Cl

6-Chloro-2-(4-chlorobenzyl)pyridazin-3(2H)-one (4b): Prepared from 3b according to
general procedure A at 90 °C (92%). Off-white solid; m.p. 77-78 °C. '"H NMR (300 MHz,
CDCls) 6 7.38 (d, J = 8.5Hz, 2H), 7.29 (d, J = 8.5Hz, 2H), 7.15 (d, J = 9.7Hz, 1H), 6.90 (d, J
= 9.7Hz, 1H), 5.19 (s, 2H). C{'H} NMR (75 MHz, CDCl3) & 158.6, 137.6, 134.2, 133.9,
133.7, 132.2, 130.3, 128.8, 54.7. IR (neat) 3032, 1660, 1575, 1491, 1426, 1332, 1296, 1138,
1071, 1016, 904, 842, 803, 654 cm™'. MS (ESI) m/z 255 (M+H); HRMS (ESI) m/z calc’d for
C11HoCI,N,0 [M]': 255.0086; found: 255.0072.
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6-Chloro-2-(4-methoxybenzyl)pyridazin-3(2H)-one (4c): Prepared from 3c according to
general procedure A at 120 °C (64%). Light brown solid; m.p. 78-79 °C. 'H NMR (300 MHz,
CDCl3) 6 7.40 (d, J= 8.7Hz, 2H), 7.13 (d, /= 9.7Hz, 1H), 6.89 (d, /= 9.7Hz, 1H), 6.86 (d, J
= 8.7Hz, 2H), 5.18 (s, 2H), 3.79 (s, 3H). “C{'H} NMR (75 MHz, CDCl;) & 159.5, 158.6,
137.3, 133.5, 132.1, 130.4, 127.7, 113.9, 55.2, 54.9. IR (neat) 2963, 1661, 1610, 1576, 1510,
1437, 1290, 1248, 1173, 1135, 1074, 1031, 933, 901, 839, 779 cm™. MS (ESI) m/z 273
(M+Na); HRMS (ESI) m/z calc’d for Ci,H;1CIN,O,Na: 273.0401; found: 273.0413.

Cl x

N.
N~ "0

O.../Bu
K‘/\/I\r‘le"S!I\fle
2-(4-((tert-Butyldimethylsilyl)oxy)butyl)-6-chloropyridazin-3(2H)-one  (4d):  Prepared
from 3d according to general procedure A at 120 °C (60%). Pale yellow oil. 'H NMR (400
MHz, CDCl) & 7.14 (d, J = 9.6Hz, 1H), 6.88 (d, J = 9.6Hz, 1H), 4.11 (t, J = 7.3Hz, 2H),
3.63 (t, J = 6.3Hz, 2H), 1.90-1.79 (m, 2H), 1.60-1.50 (m, 2H), 0.87 (s, 9H), 0.03 (s, 6H).
BC{'H} NMR (100 MHz, CDCls) & 158.9, 137.1, 133.3, 131.9, 62.5, 51.7, 29.7, 25.9, 24.9,
18.3, —5.4. IR (neat) 2928, 2856, 1669, 1582, 1471, 1300, 1253, 1099, 1043, 834, 775 cm’".
MS (ESI) m/z 317 (M+H); HRMS (ESI) m/z calc’d for C14H,6CIN,0,Si [M+H]™: 317.1446;
found: 317.1445.

2-Benzyl-6-(benzyloxy)pyridazin-3(2H)-one (4e): Prepared from 3e according to general
procedure A at 120 °C (94%). Off-white solid; m.p. 58-59 °C. "H NMR (300 MHz, CDCl3) &
7.44-7.27 (m, 10H), 6.92 (s, 2H), 5.20 (s, 2H), 5.16 (s, 2H). *C{'H} NMR (75 MHz, CDCls)
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5 158.8, 152.1, 136.4, 135.9, 133.1, 128.7, 128.5, 128.4, 128.3, 128.2, 127.7, 126.5, 68.8,
54.3. IR (neat) 3045, 1660, 1577, 1537, 1494, 1448, 1424, 1283, 1151, 1079, 1024, 996, 935,
871, 812, 729, 693 cm™. MS (ESI) m/z 293 (M+H); HRMS (ESI) m/z calc’d for CisH 7N0,
[M+H]": 293.1284; found: 293.1283.

2-(4-Chlorobenzyl)-6-((4-chlorobenzyl)oxy)pyridazin-3(2H)-one (4f): Prepared from 3f
according to general procedure A at 80 °C (94%). Off-white solid; m.p. 104-106 °C. '"H NMR
(400 MHz, CDCls) 6 7.35-7.25 (m, 8H), 6.92 (d, J = 1.7Hz, 2H), 5.12 (s, 2H), 5.11 (s, 2H).
BC{'H} NMR (100 MHz, CDCl3) & 158.7, 151.9, 134.8, 134.4, 134.1, 133.7, 133.2, 130.1,
129.4, 128.7, 128.6, 126.6, 68.0, 53.6. IR (neat) 3071, 2958, 1666, 1593, 1543, 1490, 1430,
1281, 1136, 1077, 1003, 914, 810, 746 cm™. MS (ESI) m/z 361 (M+H); HRMS (ESI) m/z
calc’d for C1sH;sC1LN,0, [M+H]': 361.0505; found: 361.0502.

0

o} | N
N
. I?l o

6-(3-Phenylpropoxy)-2-(3-phenylpropyl)pyridazin-3(2H)-one (4g): Prepared from 3g
according to general procedure A at 110 °C (64%). Pale brown oil. 'H NMR (300 MHz,
CDCls) & 7.34-7.13 (m, 10H), 6.88 (s, 2H), 4.14 (t, J = 6.4Hz, 2H), 4.06 (t, J = 7.2Hz, 2H),
2.76 (t, J = 7.7Hz, 2H), 2.68 (t, J = 7.8Hz, 2H), 2.17-2.01 (m, 4H). “C{'H} NMR (75 MHz,
CDCl3) 6 159.0, 152.5, 141.4, 141.2, 132.8, 128.4, 128.3, 128.2, 126.2, 126.0, 125.9, 66.2,
50.4,32.9,32.1, 30.2, 29.6. IR (neat) 3025, 2942, 1667, 1593, 1496, 1442, 1283, 1137, 1028,

839, 746, 699 cm™. MS (ESI) m/z 349 (M+H); HRMS (ESI) m/z calc’d for CyHysN,O,
[M+H]": 349.1910; found: 349.1910.
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2-Benzylisoquinolin-1(2H)-one (6a): Prepared from 5a according to general procedure A at
80 °C (96%). Pale brown solid; m.p. 63-65 °C. All spectral data are in agreement with
reported literature data.'* "H NMR (400 MHz, CDCl;) & 8.48 (d, J = 8.1Hz, 1H), 7.62 (t, J =
8.1Hz, 1H), 7.48 (m, 2H), 7.35-7.27 (m, 5H), 7.08 (d, J = 7.4Hz, 1H), 6.47 (d, J = 7.4Hz,
1H), 5.22 (s, 2H). “C{'H} NMR (100 MHz, CDCls) & 162.2, 136.9, 136.8, 132.1, 131.2,
128.7, 128.0, 127.9, 127.7, 126.8, 126.3, 125.9, 106.3, 51.6. IR (neat) 3022, 1647, 1595,
1489, 1453, 1366, 1288, 1178, 979, 787, 734, 690 cm™'. MS (ESI) m/z 236 (M+H); HRMS
(ESI) m/z calc’d for C16H4NO [M+H]": 236.4069; found: 236.1075.

G

O

1-Benzylpyrazin-2(1H)-one (6b): Prepared from 5b according to general procedure A at 120
°C (33%). Orange solid; m.p. 81-83 °C. All spectral data are in agreement with reported
literature data.! "H NMR (400 MHz, CDCl3) 6 8.18 (d, J = 1.1Hz, 1H), 7.40-7.29 (m, 5H),
7.27 (d, J = 4.4Hz, 1H), 7.05 (dd, J = 1.1Hz, J = 4.4Hz, 1H), 5.07 (s, 2H). "C{'H} NMR
(100 MHz, CDCl3) 6 156.1, 149.8, 134.6, 129.1, 128.6, 128.5, 127.9, 123.9, 51.6. IR (neat)
3066, 1644, 1576, 1493, 1455, 1350, 1213, 1171, 1108, 1076, 1029, 920, 813, 733, 691 cm™".
MS (ESI) m/z 187 (M+H); HRMS (ESI) m/z calc’d for C;;H;1N,O [M+H]": 187.0875; found:
187.0865.

Me
(L
O
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1-Benzyl-3-methyl-1H-benzo[d]imidazol-2(3H)-one (6f): Prepared from 5f according to
general procedure A at 100 °C (95%). Pale brown solid; m.p. 73-74 °C. All spectral data are
in agreement with reported literature data.”” '"H NMR (300 MHz, CDCls) & 7.39-7.23 (m,
5H), 7.12-6.95 (m, 3H), 6.88 (d, J = 7.1Hz, 1H), 5.08 (s, 2H), 3.46 (s, 3H). "C{'H} NMR
(75 MHz, CDCls) & 154.5, 136.3, 130.0, 129.0, 128.6, 127.6, 127.4, 121.2, 121.1, 108.1,
107.3, 44.8, 27.1. IR (neat) 3029, 2922, 1702, 1618, 1498, 1435, 1398, 1358, 1247, 1121,
1003, 837, 731 cm™'. MS (ESI) m/z 239 (M+H); HRMS (ESI) m/z calc’d for C;sH14N,O
[M+H]": 239.1178; found: 239.1187.

L
O

3-Benzylbenzo[d]oxazol-2(3H)-one (6g): Prepared from 59 according to general procedure
A at 100 °C (55%). White solid; m.p. 113-114 °C. "H NMR (400 MHz, CDCls) & 7.40-7.27
(m, 5H), 7.23-7.17 (m, 1H), 7.12-7.05 (m, 2H), 6.88-6.81 (m, 1H), 5.01 (s, 2H). *C{'H}
NMR (100 MHz, CDCl;) 6 154.7, 142.6, 134.7, 130.8, 128.9, 128.2, 127.6, 123.8, 122.5,
109.9, 108.9, 46.0. IR (neat) 3036, 1757, 1615, 1484, 1363, 1239, 1151, 1075, 1016, 924, 737
cm™. MS (ESI) m/z 226 (M+H); HRMS (ESI) m/z calc’d for Ci4H;,NO, [M+H]": 226.0862;
found: 226.0852.

[ -0

O

3-Benzylthiazol-2(3H)-one (6h): Prepared from 5h according to general procedure A at 110
°C (55%). Pale brown oil. '"H NMR (300 MHz, CDCl3) & 7.41-7.23 (m, 5H), 6.49 (d, J =
5.4Hz, 1H), 6.10 (d, J = 5.4Hz, 1H), 4.88 (s, 2H). *C{'H} NMR (75 MHz, CDCl3) 5 172.0,
135.9, 128.9, 128.1, 127.8, 124.1, 101.5, 48.5. IR (neat) 3111, 1645, 1564, 1495, 1454, 1335,
1222, 1077, 940, 825, 702 cm™ . MS (EI) m/z 191 (M); HRMS (EI) m/z calc’d for C;qHoNOS
[M]": 191.0405; found: 191.0405.
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5. NMR Spectra for New Compounds
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NMR spectra for 1d
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NMR spectra for 1k
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NMR spectra for 1p
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NMR spectra for 1q
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NMR spectra for 1s
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NMR spectra for 1u
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NMR spectra for 1v

000000~

LEEL
BEE'L
EVPEL

2.00
1.96

0.93
0.93

0.87

0.0

5.0

ppm (t1)

gELo

15519
£5LL .,

£re9L ——
09vLL |M./“_
Vil ——
190°LLE ——,
e1g12) \
8P LTL ——\\
2L L2 N /
858°4Z1 Z 1Y
060821 Juu,/
FFL-4:TAY |\
969'9Z1
BLLGEL
L e H\
GE08EL |\
zoz vl
viEFSL —

S73

50

200

ppm (t1)
This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong

Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 1x
BEEIBEESSBEE § 2
NNNNNNGOGOGO © 3]
|\
—
Cl N (@)
OMe
Wy ¥ p
=N N o N w
B 88 8 8
\ \ \
5.0 0.0
ppm (1)
g8 25 83 H58 8888 8
g% §£§ 8§ 54¢8 KEEE 8
X
L
cl” °N” o
OMe
|
I
|
| ‘
\ \ \ \
200 150 100 50
ppm (12

Supplementary Material (ESI) for Chemical Science

This journal is (c) The Royal Society of Chemistry 2010

S74



Ru-catalyzed Activation of sp> C—O Bonds

C.S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 1bb

3- 2.06

28

4.00
1.03

J 2.02

I 1.02
- 0.94

0.0

5.0

ppm (f1)

GS6°9TT
ST6'ECT

80€'SCT
§8/°GeT -

80€'92T
6v6'92T [/ _

88E'TTT m
i

185°8¢T

2€8'8¢T N 1
L9L7TET \\ -

TO8'CET \\ _

TEL'EET

mN@.mmH \\

mﬁw.ov._”

YE9'EIT ——

\
100

\
150

ppm (t1)

S75

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



Ru-catalyzed Activation of sp C—O Bonds

0000000

2,00

888
1§83

88

- 0.87

0.0

5.0

ppm (1)

SZL0

15965 ——

FIL ——
08LLL ——
Ly ———

LOLE ——
R T E—

B5F L ——
8L ——

BLBEL ——
fZiee ——
Z6L9vL
GEG'OSL

S9Z'E01

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 1cc

S76

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong

Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 1dd
' s
R S R 3
W PPt~ M~ DWW OO W W o
Cl
®
—
N~ O
(@)
| F oy
| i ‘H
| |
o oo o oo e
g = 8@ 2
5.0 0.0
ppm (1)
g 2gge o &8t —
@ bSar B Tow z83 ¢ 2
B %393 3 gee PO o TS
- - == = - ~ M~ - @ =]
Cl
®
—
N~ O
(@)
|
L |
200 150 100 50 [}
ppm (1)

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2010

S77



Ru-catalyzed Activation of sp> C—O Bonds

1S¢°90T

ETETIT \
6YETIT HM
S22 L1T
3 TITTeT \
[ LTt \

aervet

5.0

= 2.00

YoT'82T ——

- TeL'8eT ——

e LIT'SST

988 1687291

F 289

= 0.90

ppm (f1)

C.S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for lee

S78

50

100

150

200

ppm (t1)

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C. S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp C—O Bonds

NMR spectra for 1ff
K =
o wm oW |
~
W N" o
\\\\II'A-'II 0>
(0]
|
|
|
]
i |
L
o o [ m m
2 & gk 2 2
. . . | .
5.0 0.0
ppm (t1)
T E8F8p 5Z288gq8 2589 2
§ 53983 35:E8F  press B
N | L]] z
\/ | /) N7 / N~ O
W ! |I,’ / A lr"
0>
(0]
|
)
| 1
|
| i
T T T i T T | | T T |
200 150 100 50 4]
ppm (t1)
Supplementary Material (ESI) for Chemical Science S79

This journal is (c) The Royal Society of Chemistry 2010



Ru-catalyzed Activation of sp C—O Bonds

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 1hh

0000000

85— o
eere —/
oEL'g —/
skL'g 4

2.05

2.00

2.00

88
5.45

0.83

0.0

5.0

ppm (t1)

280°08 ——_ o
SLVTE -

15269
eI ——
09LLL ——2N

29844 =
LyiL

68LLEL
LOL9kL
566'52L ——

58 ——
cEo8zL ——

SEQBEL ———

206471

9.0'L¥1

FEL'PaL

50

200

ppm {t1)

S80

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 1ii
O N =0 O ONLNOIONOD®O O © N AL NOD <t ~
U3 0D E8IBZ828D NN BH8585 8 S5
BONNNN GG GG OES 6O S G o ) =]
| X
- o. J<
N o sl
I
I -
! [ I
X Lo
v i woow ¥ ¥
=) o @© N N © 3
g 8 @& 8 8 3 g
I I
5.0 0.0
ppm (t1)
~ o < ~ o
= € 3 g 8 583 28 g 3 5
o ¢ o © Mow o ® o ¢ N
1 S 9 o d KRR 88 & 8 L
@
i~ O. J<
N ol
I
[
H
\
f |
[
I I I I I
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S81

This journal is (c) The Royal Society of Chemistry 2010



Ru-catalyzed Activation of sp> C—O Bonds

C.S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 1jj

810'Y
6207
€e0Y
0S0'v
o'y
115474
T8¢y
652V
12404
095'v
S.SY

L6v'9
0259
S¥S'9
8959
69L°9
1619

o ©
n ®
o @
© ©

L W2

9/8'9

o
@
N
~

e,

(

v8S'L

9€T'8

— -

—

J-3.00
1 0.99

J 197

= 7 087

= ¥ 68

M N
= - 0.87

0.0

5.0

ppm (f1)

CrIeTIT
806'9TT

9/5°8ET

8Y9'9VT

T1S9'1ST

6¢€°€9T

\
100

\
150

ppm (f1)

S82

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



Ru-catalyzed Activation of sp C—O Bonds

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 1kk

000000~

203

2,00

oe0 0O
B8 88

0.0

5.0

ppm (t1)

Se9'Ze

SIEY9
ZHe9L ——.

091 4L ——
v ———

LLTLLL
€02k
58292Zh ——
20671 ——
2256z ——
PLE'SEL

gsLeEl ——

0E6'avL

0ZF'EgL

[
100

ppm (t1)

S83

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 2¢
3 T g
(\1
N™ ~0
‘Bu
(] /
: H ] A s
=3 =] =1 =] [
= g B e 3
5.0 0.0
ppm (t1)
g & 8B%P3Ix § R8Y 2 =
§ o 253585 8 SRe @ %=
(\1
N™ ~0
‘Bu
| [
| ! |‘J ‘ 1 L
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S84

This journal is (c) The Royal Society of Chemistry 2010



Ph

Ru-catalyzed Activation of sp C—O Bonds

e -

L

L

v

=

2.00

0.92

0.87

0.0

50

ppm (t1)

EZLLE

Zra'al ~
09LLL |./..y
8ivLL —
082'90L —,
E0ELEL /
004221 3
88FLTL —
029421 |///
609821 —— )
S¥a'azZL f%
LSF'SEL //
EEELEL —— >
EBY BEL

zos vt ——
086°0FL

804°291

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 2d

S85

50

100

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



Ru-catalyzed Activation of sp C—O Bonds

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 29

000000~

200

0.91

0.88

1.81
3.94

0.0

5.0

ppm (t1)

SFFLS

ePEaL ——
09rLL
UYLl ——

90P'90L ——
BELSLL

e ||//
0BFIZE ——
ze6 62t ——
29008k
62528} N;/
BeZEL
0LV LEL

e —
feieL ——.
899290 ——
LLEe ——

50

100

ppm (t1)

S86

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

L
N (@]

-113.146

100 50 0 -50 -100 -150
ppm (t1)

Supplementary Material (ESI) for Chemical Science S87
This journal is (c) The Royal Society of Chemistry 2010



Ru-catalyzed Activation of sp C—O Bonds

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

0000000 - —2
[
o & | o
A\ A\
/N . /N
_ 86815
29l —
09LLL —
UviL ——
_ 19£°90L ——
_ SPELZL ——
| -2 909°€24 — .\
= J 200 650°82h ——
1 _ BLoezE —— \\\
BEB'BZL /
| so0eer —— N
| IggeEL ——
= 08 €25 ek -
80L8EL ——
—— 086
-
——
—= m@ vLIZ0L
£
E
g

NMR spectra for 2h

S88

Br

50

100

ppm (t1)
This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C. S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp C—O Bonds

NMR spectra for 2i
§833SR8I B8R840 § g
L e e e N e T - - - - B =1
|
(1
N (0]
Br
IJ' L .
o o = Ll d
Liov . ] £ B 2
5.0 0.0
ppm (t1)
g LR 8 LR RRE 5
| =
' |
/7 N0
Br
]
L L1 Il ‘
. | — T |
200 150 100 50 o
ppm (t1)
Supplementary Material (ESI) for Chemical Science S&9

This journal is (c) The Royal Society of Chemistry 2010



Ru-catalyzed Activation of sp C—O Bonds

000000

A an

LEB'LS

Er8'9L
08LLL
BiVLL

SBZ'80L
562 12k
YEB'SZL
LLE'9ZE
S9¥'0zZt
ey Ty SbZ L2k
vSL LT
BOG' L2}
268°821
s ] & 986'ZEL

o OVE'EEL
ZSB'EEL
M p— 0.88 QUTLEL
rEYEEL

5.0

YT L7791

ppm (1)

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 2j

S90

I )

CF4

ppm (1)
This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

L

N~ "0

-61.729

CF4

ppm (t1)

Supplementary Material (ESI) for Chemical Science S91
This journal is (c) The Royal Society of Chemistry 2010



C. S. Yeung, T. H. H. Hsieh, V. M. Dong

Ru-catalyzed Activation of sp C—O Bonds

NMR spectra for 2k
22 zoew agp 2 2 §
S® MONN GO = - @ :
B M~~~ OB O o = <
| U |
K
/ N/ I/
(\1
N (0]
OMe
O
| |
| ‘\ I |
| I . ST
- [y (=] o [ o
2 @ 8 = g
T T T T |
0.0
ppm (t1)
gk  HRABZHT & £8% 85
£3 sansdns & e gm@
/1)) 11T Sh"So
OMe
O
|
I \ !
[}
T | T T T T | T T T | T T T
200 150 100 50 0
ppm (t1)

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2010

S92



Ru-catalyzed Activation of sp C—O Bonds

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 2n

0000000~

OBn

264

0.92

0.90
287

14

0.0

5.0

ppm (t1)

OBn

LEL'LS

822°90L ——
P T—

0911 \
80902} W\
£KT12H H/
566 L2h /
SrO'8ZH Ny
zz9'gzl N
286621

LLL9EL ——
£0£'LE} =
zeo8el ——

SSYeEL

ZTesL ——
299°Z91

ppm (t1)

S93

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 2p
OO~ N Mo~ N« ~NOoO Mmoo n
H4 O~ O T OO0 WMON~NNLIN O O ©
AN N ANNANNAAAAA O O -
NNNNNNNNNNNN © 6 G 18 o

/, p f [

Cl

ks Y !
o N N
8 8 R
\ ‘ ‘ \ ‘ \
5.0 0.0
ppm (t1)
o ot~ NN~ ©
n D N O M O M ® [} o O o o —
[se] © o <~ M < (=2} — O n ~
o Y B ¥ S OB W9 ® Qe Q : N
3 23832334848 8 NSNS b 5
Me
@
N @)
Cl
[
[
[
\
I
[
[
[
\ \ \ \ \
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S94

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 2q
n O 0N M 0 O W ~ L) ©
REELEE3E 5 g g
NN NN © © O wn ™ N
@Me
N @]
OMe
[
Lo
| I
[
| _ S
Wy oy v ¥ v Y
88 8 8 8 8 8
‘ T T ‘ T T ‘
5.0 0.0
ppm (t1)
o O (=2} ©O 0 m T O
& & I8 8335 8 I8¢ ¢ g 8
8 3 8 3 A3ZI 8 N 6 o ~
— — — R B B B | N~~~ n —
CC
N @]
OMe
| i
\
[
\ \ \ \ \
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S95

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 2s
O W N - 0O IN~MO LW © —
S¥IN I8 8888 8 S
NN NNNN GGG G5 w N
Me
| A
N 6]
Cl
|
|
|
1l |
x |
Y ooy i
Ho o 4 g w
&8 & 8 8 R
I I
5.0 0.0
ppm (t1)
o wn N OO 0O O W
8 3 8Y83g8¢%a 583% 8 3
o Pl T BT B B - o} Mo © < —
3 a 2338338438 NN 2 S
Me
‘\
N" 0o
[
cl
|
|
[ [
I I I I I
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S96

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 2w
)
& 8 8
5.
ppm (t1)
§  BERb3E3
2 §23 8§88

T 112545

TT.4T8
77.160
76.843

Ru-catalyzed Activation of sp> C—O Bonds

-0.00000

52.205

T T T T
200 150
ppm (t1)

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2010

100

50 0

S97



C. S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 2y
TOWT VDN O @ W o o BI' §
NERR SBANCRIREEEE 2 (\I g
L e e =R ] I 1
N (0]
| l
(= =] )
% 8 8
Sjl} 0.0
ppm (f1)
& RS8Ry & L S o
g 388R8F: ¢ TRRE 8 (‘IBr s
Iy
\/ N (0]
i
!
|
| 5 1 |
200 150 100 50 1]
ppm (f1)
Supplementary Material (ESI) for Chemical Science S98

This journal is (c) The Royal Society of Chemistry 2010



Ru-catalyzed Activation of sp> C—O Bonds

C.S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 2bb

0.0

5.0

ppm (f1)

1288y

289'9L

00022 ——
8relL ——

/

SST'90T
288°0¢T
oov'ect
6G2'SeT
LT2'9CT
986'9¢T
085°,¢T

922821 ——— N\
11262t ——

i

SGCTET
OvS'TET
OV8EET
682°9€T
Teeeetr
1957291

S\

\
100

\
150

ppm (t1)

S99

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C. S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp C—O Bonds

NMR spectra for 2cc

0.00000

ii___iui_

1 - . BN L (S 4 |
so cm o »
= TE|Ee 2
T T T | T T |
5.0 0.0
ppm (t1)
2 %38k & f#z% gey °
(\1 § ggss g sss i3 :
N0 [/ ) "4
O
W
| |
|
|
| ‘
] i
| T T T | T T T I T T T T T | T
200 150 100 50 o
ppm (t1)
Supplementary Material (ESI) for Chemical Science S100

This journal is (c) The Royal Society of Chemistry 2010



Ru-catalyzed Activation of sp C—O Bonds

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 2dd

0000000~

0.0

5.0

ppm (t1)

[FFN:T4

GEOYy ———

£ra'al
09LLL ——

SiviL —

9290k ——
B060LE ——

06FEhE —
TEEIEL ——
BEVVEL ———
BLGOVE ——

T —
EYE'BYL -

£0408F ——

S101

100

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 2ee
< 0 N A N MW N~ O n N o O
BE LR8I a38 858§
NN NNNNNOG © 6 6 6 6 8
@
N O
(@)
A A —
YLy pyoy Y
RO oo o N
See BB 8 8
I I I
5.0 0.0
ppm (f1)
~ < @ < © ~ = © O O M
S 8§85 585 35 A5A%s IR 2
N 4 N N o dd 46 © N @
g 88 83 98 48884988 NN 3
\
) |
N~ 0 ik
O |
\ |
|
\
[
[
[
\ \ \ \ \
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S102

This journal is (c) The Royal Society of Chemistry 2010



C. S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp C—O Bonds

NMR spectra for 2ff

-0.00000

Y - e
g N8 g8 3
T T T | T |
50 0.0
ppm (t1)
g 23338 28 ¥38%7 g8y ®
g 93858 55 8883  fre 2
/ .l"|l f"f. II"\."II/ ) \\V
CL
N™ ~O
o)
(0]
H.
| ! |
|
1
]
|
| H
T | T T | T T T T | T T T T T T T
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S103

This journal is (c) The Royal Society of Chemistry 2010



Ru-catalyzed Activation of sp C—O Bonds

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 299

000000'0-

L50°E

azL —)
582'L ‘\:
16z —f
togy —

0.0

S by

50

85z L :
29z L ——

89Z'L [\w\m
wzs —

i

ppm (t1)

BZL'SE

88025

2vaoL ——
09LLL |../H.

BV LL -

205501

080°12Z1
162821 |///
SELBZL —— N,
69062 ——— =

ZEQEDL

S104

200

ppm {t1)
This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



Ru-catalyzed Activation of sp C—O Bonds

C. S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 2hh

1 11 P

2
|
\

@
pri

181 |/,hh_v/
6L N
152'L J,/,Wz
09272 ——
€920 ——
(e

sieL —/f
18zL —
eezL —)
862 —/
gogL —

i

|

3 o ——

O

207

2,00

2.00

0.89

0.85

F 388

0.0

50

ppm (1)

PrS0E ——
Lieze

Liv'ey

Lreas
09LLL 2
E9ELL —

suriL —

BI6'G0L

ZLLLEL
15: 1% 4% ™
09E'8EL .

r5eEL ——
55 LEL =
OFE'GEL =
080 ——

QHO

ppm (1)

S105

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 2ii
N O DN S®© ®Wn o 0 g [
58 8838 SS9 38 & ]
NN OO ©GG6 66 < o P <
)
N @]
k/o\ J<
Si
I
| o I
| ; I 1
Y Y Y vy y ¥
N o - NN ©o (=2}
8 8 8 8B 8 8
\ \ \
5.0 0.0
ppm (t1)
o < o ©
3 88 7 08 588 8 o g g 2
)
N O
K/o\ J<
Si_
I
il
|
[
[
|
\ \ \ \ \
200 150 100 50 0
ppM (1)
Supplementary Material (ESI) for Chemical Science S106

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 3a
2228388 882 8
IYIM om0 8 S0 W
NN NMNNNNMNN N NO w
Cl | N
N. =
I | "7
Py Y
s o N
= 8 S
I ! I I
5.0 0.0
ppm (f1)
() o~ ™M O~ 0O S
& 49 K839 4 2883
Cl | N
N. =
N (0]
|
| |
\ \ \ \ \
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S107

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 3a-d;

Supplementary Material (ESI) for Chemical Science S108
This journal is (c) The Royal Society of Chemistry 2010



C. S. Yeung, T. H. H. Hsieh, V. M. Dong

Ru-catalyzed Activation of sp C—O Bonds

Cl |\‘
N. =
N (0]
D
D
I
il
| |
2L
@ 8
- - T T |
50 0.0
ppm (1)
2 5 Ngg"ﬂ% O A A D
2 & $8RzE BBz 888 3
I & 858858 FRRE 22383 s
‘ ‘utj/ k\\'f \J’J////
Cl |\‘
N. =
| N (0]
D
D
|
, i
|
L1 s '
: : , . . | - ]
150 100 a0 2
ppm (1)

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2010

S109



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NS
N. =
N O
D
D
50 . 0.0
ppm (f1)
Supplementary Material (ESI) for Chemical Science S110

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 3b

Ru-catalyzed Activation of sp> C—O Bonds

f

5.497

Cl

87 L

€6°0 —

002 =

ppm (t1)

5.0

0.0

163.784

151.328

Cl

134.328
134.248
130.945
129.845

—
N
\S

128.719
120.139

200
ppm (t1)

150

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2010

100 50

S111



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 3¢
° I = %» %
N. =
N @]
: OMe
o ‘
IM
L Y Y
I I I
5.0 0.0
ppm (f1)
ge8 FE28 3 2 9
Cl | SN
N. =
N (0]
OMe
[
i
\ \ \ \ \
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S112

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 3d

7.331
0904
00

6.912
4.504
3.675
1.883
1.671

e £ =mmmm—mot——

F
AN
f

by e Y L
P P NN © a
o o N W N »
o N o © ~ ~
\ \ \
5.0 0.0
ppm (f1)
o o) ~ bl
@ o n © ®WIo M 1 © S 0w o o
3] ~ © S IS © <o M [SIRC T N S
< =] I} S Mje © o © N o MM ]
«© n ™ N N~ © s o [ B o R o lyeo] w
- - - - N~~~ ™~ © © N N N -
cl N
N. =z O...
N o/\/\/ Si
/\
\ \ \ \ \
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S113

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 3e
W OO N O © f)
B IIBGH ] 3 3
NN NNNNN N O [T}
(j\ O
o
N. =
J | ( N~ 0
|
|
1
|
Ml
Wy v
W »
~o1 o] (=}
oN © o
| \ \
5.0 0.0
ppm (11)
b O O M o
©o I\Q(DO(V’) o o
© n N - © o
P © BB W0 o Qoo
[} M N NN N ~ ©
— Ll B B | ~N N~ ©

0

X
~

( j\ O | N
N. =
N (@)
| I
\ \ \ \ \
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S114

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong

Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 3f
NN NN N o©
RO
o N
N. =
N~ o
I
C
|
L L
Wy y
o F
ER B
‘ \
5.0 0.0
ppm (1)
8 88 §8E 98y g
— W M o oo ™o © o
Rey
o) N
N\ —
N~ o
C
|
|
|
e A A O s
\ \ \ \
200 150 100 50

ppm (f1)

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2010

S115



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 39
DO N O NMWO § @ < w0 0 = N M O
OO~ M-~ o N - @ ~N O < N O
M AN NNNNA—A O < @ ™~ N
NN NN NN S < < oo SRV N SOV

T~ 2775

- L
Wy Y Y B
M » & S
xR 8 8 & 3
I I
5.0 0.0
ppm (f1)
0 n n 0 D ©
& 2 888 8 583 § 28
‘—n o 0 0w o A N
© < N NN o ~N N~ O 0 o o
- al - - al M~~~ O (3] (3]
|
(0] | N
N. =
N~ O
L
|
[
|
!
I I I I ! ! ! I !
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S116

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 4b
RN NN i @
Cl ‘ N
N<
N O
| |
\
|
Py !
O O N
8g ° ]
I I
5.0 0.0
ppm (f1)
(o2} 0 KM= 1 M N~
(o2} © N Hd © © © =] @
d S Ydan g Y8 3
a 233833498 NN 3
cl N
NS0
cl
I
|
‘ |
T
I I I I I
200 150 100 50 0
ppm (f1)
Supplementary Material (ESI) for Chemical Science S117

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 4¢

7.411
7.382
7.134
7.102
6.893
6.866
6.861
6.837
5.176
3.776

oy pik
ol

/|

i

MLt /—m™m™™™™™
Tf

10C €T
20T T
96 L
00€ =

5.0 0.0
ppm (f1)
0 © ~N © © o Wnw (<2}
S8 kgEBER 388 8%
Cl | N
N<
N (0]
OMe
[
[
fi
[
[
Ll |
\ \ \ \ \
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S118

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 4d
oW O N 0 = o o N o
g9 8% 4 3 & B ® S
NN~ N~ O < (3] o D o
cl N
N.
N (0] J<
K/\/O‘Si
/\
|
[
[
g | L '
vy 7 Y 7oy ! Y
o o N N N N © (42
88 g 2 g8 5 ] ]
\ \ \
5.0 0.0
ppm (t1)
o < N ® 49 @ 9 I © 4 9 ® o
g 52§ R I g G o
— L QN 1 NNNK © o N N w0
cl N
N\N (e} J<
O\Si
/\
[
I !
[
|
[
I |
I I I I I
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S119

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong

Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 4e
QN SN~ Qo D o
BB88 I8 &5 = g
NNNNNNGO [ToRTe)

\

)

=y H'%
5 e 3
o R 8
o
I I I
5.0 0.0
ppm (t1)
N © S OFT O©SNW O W0
O O N O ®© ‘—coogoor\ < O O W -
~N O S 0O ~ < N~ N O N © o™
S N OB @ ©BBEB N O NSRRI
n mnw MO o0non NNANNN NN ~N N~ O E
E I B I ] R B B B B N~~~ O
i:\ /OY\/\I\ |
l I
N.
N (0]
© (
I
[
I I
I
‘ |
I I I I I
200 150 100 50 0

ppm (t1)

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2010

S120



C.S. Yeung, T. H. H. Hsieh, V. M. Dong

Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 4f
soR2e28y 59
FERINY a3 o
CI\@\/
0. ‘ N
N.
N o
Cl
|
|
by i
& B 8
| \ \
5.0 0.0
ppm (1)

Supplementary Material (ESI) for Chemical Science

Cl

53.640

200 150
ppm (f1)

This journal is (c) The Royal Society of Chemistry 2010

100 50

S121



Ru-catalyzed Activation of sp> C—O Bonds

C.S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 49

Sc0'c
Lv0'C
1.0C
860°C
8e1e
1%
¢s9'c
089'¢c
S0LC
6€LC
§S9.°C
06L'c
6€0'Y
€90Y
980°'%
11454
[44%94
voT'Y

Pt

PN

\

6.8'9
28T,
90¢'L
Ly L —
yATAVA

992,
68¢°L

p

\

=-1.90

Fo94

0.0

5.0

ppm (t1)

6€°0S

8/8'S2T
666'S2T

99T'92T

81£'82T

9/£°82T w
61821

gLzl ——
ovZ TvT Q
68 TVT

vLy'ST
€66'85T

\
100

\
150

ppm (t1)

S122

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 5a
oo NM SO 1 OO0V O -d Do ~
T TN ©OM © O NO WS (=]
MM OO MM © LWL ¥ 3 NN ©
06 B0 NNNINNNNNNN 5

\

3

oy ey Y
oS o g=nvhe N
8 B RV 8
I I I
5.0 0.0
ppm (t1)
~ — T AN D OODN © N o o O
5 8 883 IRKRB85 & k- S8k 3
S O NNGO ONN OO § oW N oo~
© (52} M MmO om N NN NN N - ~ N~ © ~
Ll - Rl ] e B B | al - N~~~ ©o
| X
=
N (0]
[
L
\
I
|
|
|
I I I I I
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S123

This journal is (c) The Royal Society of Chemistry 2010



Ru-catalyzed Activation of sp> C—O Bonds

C.S. Yeung, T. H. H. Hsieh, V. M. Dong

NMR spectra for 5e

8v'Y

a9
02’9
j2xA]
9/6'9
6.6'9
T66'9
L00°L
010°2

SoT'L
SBT'L — 2\

09eL ——
oegL
zsrL
2L
672

e ——7
997’8

=4

B

=221

= 6.69

= 1.05
=101
= 0.95
I 1.10

= 1.00

0.0

5.0

ppm (f1)

0810

879'9¢

€89°9L
000722 ——

61l ——

8v9°L0T ————
99¥°0TT

S99°6TT ——
qTeTCet

886'GET ————__

18€°TST
198°/ST

\
100

\
150

ppm (t1)

S124

This journal is (c) The Royal Society of Chemistry 2010

Supplementary Material (ESI) for Chemical Science



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 5f
SEEER 9§88 E 8 2
NNN NN NN~ N [t} ™

[ @EE/*‘L@

{

M
e ! !
I I
5.0 0.0

ppm (f1)

157.359
T 134.305
128.581
128.459
\; 128.123
121.475
120.890
117.638
107.916
77423
X—— 77.000
AN 76.576
71.642

_— 139.952
~ 135698

200 150 100 50 0
ppm (f1)

Supplementary Material (ESI) for Chemical Science S125
This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong

Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 59
N O M N O ON O WO NN O-HO O M
MO NO § WO MM-AO 0w O© W 0
O < O ANNNNNNAAAA D
NN NN NNNNNNNNNNNN®G
o)
am®
N
|
|
Ll
\"
I
ey Y
NS N
C0CoHO (=]
N S
\ \
5.0 0.0
ppm (11
— N DO d O © o M
©o X O DO «H M®OR m 9o O I~
< M OO M N 0O N~ N O ;s
o ¥ B0 F AN O NI
©o M N NN N N O ~ N~ 0o om
— R B B B B B I | N~~~ N~

148515
P
ﬁ

pZ

N—

200 150
ppm (t1)

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2010

100

50

S126



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 5h
WL N~O NS O OO0 0 WOV o
~N W 0O s W0 © O n O W
S ST OMOM A © O I
NN NNNNN NNN 8606 18

_

Py y ¥
HY O o N
®|WE 3 8
I I I
5.0 0.0
ppm (f1)
< N N M~O N o
R s BBIN { §8% 8
< © 5 BB W o N
5 849499 9 RRE R
S,
[ O
N
|
|
I
|
I I I I I
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S127

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 69
888NN 8 8958 588835335
MOO@MOMO0N N NAHA Q0009 ®®d O O
NNNMNNNNNNNNN NNNMNNN OO O 10
[
o)
=0
N
f///
|
\
I
|
|
|
11
J
ey y
gon n
S 3
I I I
5.0 0.0
ppm (f1)
< © d © = ST I 0 0 N I~
8 828R 3IB RTS8 288 3
F digggrggegs NS S s
- L I B T I I B B B B | N~~~ <
0
)=0
“©
|
|
| |
|
I
|
I I
-
I I I I I
200 150 100 50 0
ppm (f1)
Supplementary Material (ESI) for Chemical Science S128

This journal is (c) The Royal Society of Chemistry 2010



C.S. Yeung, T. H. H. Hsieh, V. M. Dong Ru-catalyzed Activation of sp> C—O Bonds

NMR spectra for 6h

268

WjJ

7.367
7.343
7.336
7.283
7.276

7
7.256

<
Q
0
©

6.486
6.111
6.093
4.875

[0

Y

—

- Py b
o o o N
8 ® 8 5
I I I
5.0 0.0
ppm (t1)
o - M T O ©
8 Bgdg 9 g g
o W oo~ o N wn
S Ja488 8 S NN 2
|
S
[ =
O
I
|
|
\ ] J
I I I I I
200 150 100 50 0
ppm (t1)
Supplementary Material (ESI) for Chemical Science S129

This journal is (c) The Royal Society of Chemistry 2010



