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General Experimental Details

Unless otherwise noted, all reactions were assembled under an inert atmosphere
with a nitrogen-filled glovebox except for reactions involving aqueous solutions. All
reactions were conducted in oven-dried 4-mL or 20-mL vials fitted with a Teflon-lined
screw cap under an atmosphere of nitrogen unless otherwise noted.

Silver difluoride (AgF;) was purchased from Alfa Aesar and used as received (black
microcrystalline solid). Acetonitrile was distilled from CaH, and stored over molecular
sieves. THF was collected from a solvent purification system containing a column of
activated alumina under nitrogen. Anhydrous DMF and DMSO (extra dry over molecular
sieves, AcroSeal) were purchased from Acros and used as received. Substrates 1, 5,
and 10 were purchased from commercial suppliers and used as received. Substrates 2,’
3,24,29%11,° 12,° and 14" were prepared according to literature procedures. (CO,Me)-
Vismodegib, and substrates 6, 7, 8, 13, and 15 were prepared according to the
procedures described below. All other reagents were purchased from commercial
suppliers and used as received.

NMR chemical shifts are reported in ppm and referenced to residual solvent peaks
(CHCI3 in CDCl3: 7.26 ppm for 'H and 77.0 ppm for "*C) or to an external standard (1%
CFCl; in CDCls: 0 ppm for '°F). Coupling constants are reported in hertz.
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Preparation of (CO,Me)-Vismodegib:

MeO,S MeO,S
2 H 7 CIcOMe 2 COMe (7 |
N™  ipr,NEt, DCM N
Cl O o

rt, 12 h cl O cl

To a 25 mL round bottom flask was added vismodegib® (632 mg, 1.50 mmol, 1.00
equiv), DMAP (18 mg, 0.15 mmol, 0.10 equiv), 'Pr.NEt (520 pL, 3.0 mmol, 2.0 equiv) and
CH,CI, (15 mL). The reaction vessel was sparged with N, for 5 minutes, and CICO,Me
(230 pL, 3.0 mmol, 2.0 equiv) was added at once. The reaction mixture was stirred at
room temperature for 12 h; a change in the color of the solution from light yellow to
orange occurred over the first hour. The mixture was diluted with CH,ClI, (15 mL), and
washed once with H,O (30 mL). The organic phase was concentrated, and the product
was purified by silica gel chromatography eluting with 1:3 hexanes : ethyl acetate to
afford (CO,Me)-vismodegib as a light yellow solid (683 mg, 1.42 mmol, 95% yield).

Note: A trace amount of EtOAc remained bound to the solid even after prolonged drying
under vacuum at 50 °C.

'H NMR (600 MHz, Chloroform-d) & 8.78 — 8.73 (m, 1H), 7.99 (d, J = 1.6 Hz, 1H), 7.93
(dd, J = 8.0, 1.7 Hz, 1H), 7.82 (td, J = 7.7, 1.7 Hz, 1H), 7.77 (m, 1H), 7.64 — 7.59 (m,
3H), 7.37 —= 7.32 (m, 1H), 7.30 (dd, J = 8.5, 2.6 Hz, 1H), 3.68 (s, 3H), 3.10 (s, 3H).

®C NMR (151 MHz, Chloroform-d) & 167.61, 155.23, 153.18, 149.48, 142.28, 141.76,
140.04, 136.04, 135.30, 132.69, 131.25, 131.14, 130.80, 129.18, 128.57, 128.21,
125.91, 124.93, 122.81, 54.45, 44.29.
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Preparation of Fluoro-(CO,Me)-vismodegib:

MeO,S MeO,S
o2 CoMe P o2 CoMe P
N s 4 agr, _MeCN N s
N %2 T ohr N™ °F

Cl O Cl O
To an oven-dried vial wagladded (CO,Me)-vismodegib (96 mg, 0.20 mmol, ?0 equiv)
and MeCN (2.0 mL). While the solution was stirring rapidly, AgF, (88 mg, 0.60 mmol, 3.0
equiv) was added at once. The vial was sealed with a Teflon-lined cap and stirred at
room temperature for 2 h. The reaction was poured into a separatory funnel containing
10 mL of saturated aqueous NaHCO; and extracted with 10 mL of Et,O. The organic
layer was washed once with 10 mL of brine, dried over MgSO,, and concentrated. The
product was purified by silica gel chromatography eluting with 1:1 hexanes : ethyl
acetate (Ry = 0.32) to afford the title compound as a pale yellow solid (90 mg, 0.18 mmol,
90% vyield).
'H NMR (600 MHz, Chloroform-d) & 8.00 (d, J = 1.6 Hz, 1H), 7.95 — 7.88 (m, 2H), 7.69
(dd,J=7.4, 2.1 Hz, 1H), 7.64 — 7.59 (m, 3H), 7.31 (dd, J = 8.5, 2.6 Hz, 1H), 6.99 (dd, J
= 8.1, 2.6 Hz, 1H), 3.68 (s, 3H), 3.10 (s, 3H).
*C NMR (151 MHz, Chloroform-d) & 167.71, 163.10 (d, J = 240.0 Hz), 153.67 (d, J =
13.3 Hz), 153.22, 142.41, 141.80, 141.15 (d, J = 7.7 Hz), 138.48, 135.44, 132.84,
131.43, 131.42, 130.95, 129.64, 128.68, 128.37, 126.03, 122.39 (d, J = 4.1 Hz), 108.84
(d, J = 36.8 Hz), 54.59, 44.46.

"9F NMR (376 MHz, Chloroform-d) § -69.09.
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Preparation of Substrate 6:
CF; CF;

ﬁN + 1ProH NaH ﬁN
THF, -78°C - rt J\
N/)\CI N/)\O
6

To a 25 mL round bottom flask was added NaH (180 mg, 7.5 mmol, 1.5 equiv) and THF
(10 mL). The suspension was cooled to 0 °C, and 'PrOH (570 pL, 7.5 mmol, 1.5 equiv)

was added dropwise over 10 minutes. The resulting solution was cooled to -78 ° C, and
2-chloro-4-trifluoromethylpyrimidine (600 uL, 5.0 mmol, 1.0 equiv) was added dropwise
over 5 minutes. The reaction mixture was allowed to slowly warm to room temperature
over ~30 minutes and quenched with aqueous NH4CI (6 mL) and H,O (15 mL). The
mixture was extracted 2 x 20 mL EtOAc. The organic phase was concentrated, and the
product was purified by silica gel chromatography eluting with 9:1 hexanes : ethyl
acetate to afford 6 as a clear oil (800 mg, 3.90 mmol, 78% yield).

'"H NMR (400 MHz, Chloroform-d) & 8.73 (d, J = 4.8 Hz, 1H), 7.21 (d, J = 4.9 Hz, 1H),
5.34 (hept, J =6.2 Hz, 1H), 1.42 (d, J = 6.2 Hz, 6H).

3C NMR (151 MHz, Chloroform-d) & 165.09, 161.85, 157.63 (q, J = 36.3 Hz), 120.12 (q,
J =275.3 Hz), 109.82, 71.68, 21.60.
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Preparation of Substrate 7:

cl cl
X AN
| oH CDI =+ E6NH - —F 50oc | r(
~ ~
N ’ N ~
o)
7

To a 25 mL round bottom flask was added 4-chloropicolinic acid (473 mg, 3.00 mmol,
1.00 equiv) and DMF (4 mL). The suspension was heated at 50 °C, and a solution of
1,1’-carbonyldiimidazole (486 mg, 3.00 mmol, 1.00 equiv) in 5 mL of DMF was added
over 3 minutes. The resulting solution was stirred at 50 °C for 30 minutes. Et,NH (680
bL, 6.6 mmol, 2.2 equiv) was added over 5 minutes, and the resulting mixture was
stirred at 50 °C for 12 hours. The solution was cooled, diluted with EtOAc (40 mL), and
washed 3 x 20 mL with a 50% saturated aqueous NaCl solution. The organic phase was
concentrated, and the product was purified by silica gel chromatography eluting with 2:1
hexanes : ethyl acetate to afford 7 as a clear oil (510 mg, 2.40 mmol, 80% yield).

'H NMR (600 MHz, Chloroform-d) & 8.48 (s, 1H), 7.61 (s, 1H), 7.33 (dd, J = 5.2, 1.7 Hz,
1H), 3.55 (q, J = 7.1 Hz, 2H), 3.37 (9, J = 7.1 Hz, 2H), 1.26 (t, J = 7.1 Hz, 3H), 1.17 (1, J
=7.1 Hz, 3H).

3C NMR (151 MHz, Chloroform-d) & 167.06, 156.22, 149.09, 145.03, 124.46, 123.66,
43.17,40.22,14.22,12.71..

Preparation of Substrate 8:

Step 1:

H
N._Cl : N N\/©

/@ j/ + BnNH DM;2 N1§to°c: ~ /@ T

~ ~

Cl N ’ Cl N
To an oven dried vial was added 2,6-dichloroquinoxaline (398 mg, 2.00 mmol, 1.00
equiv), 'ProNEt (380 pL, 2.2 mmol, 1.1 equiv), DMSO (2 mL) and benzylamine (240 pL,
2.2 mmol, 1.1 equiv). The vial was sealed with a Teflon-lined cap and stirred at 130°C for

12 h. The reaction was diluted with EtOAc (20 mL) and washed 3 x 20 mL H,O. The

organic phase was concentrated, and the product was purified by silica gel

chromatography eluting with 3:1 hexanes : ethyl acetate to afford N-benzyl-6-
chloroquinoxalin-2-amine as a dark oil (540 mg, 2.00 mmol, quantitative yield) that was

used directly in step 2.
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Step 2:

L Q
N\ N + Boc,0 _DMAP, EtsN
| CH20|2 rt
—
Cl N

To a round bottom flask was added N-benzyl-6-ch|oroqu|noxaI|n-2-am|ne (540 mg, 2.0
mmol, 1.0 equiv), Et3N (420 yL, 3.0 mmol, 1.5 equiv), DMAP (12 mg, 0.1 mmol, 5 mol
%) and CH,CI; (5 mL). To this solution was added Boc,O (510 uL, 2.2 mmol, 1.1 equiv)
and the resulting mixture was stirred at room temperature for 14 hours. The solvent was
removed in vacuo, and the product was purified by silica gel chromatography eluting with
6:1 hexanes : ethyl acetate to afford 8 as a white solid (621 mg, 1.68 mmol, 84% yield).
'H NMR (500 MHz, Chloroform-d) & 9.31 (s, 1H), 8.03 (d, J = 2.3 Hz, 1H), 7.81 (d, J =
8.9 Hz, 1H), 7.62 (dd, J = 8.9, 2.3 Hz, 1H), 7.36 (d, J = 7.4 Hz, 2H), 7.28 (t, J = 7.4 Hz,
2H), 7.23 (t, J = 7.3 Hz, 1H), 5.30 (s, 2H), 1.47 (s, 9H).

3C NMR (151 MHz, Chloroform-d) & 153.64, 149.68, 143.74, 139.16, 138.92, 138.47,
133.57, 130.79, 129.18, 128.28, 127.70, 127.51, 127.07, 82.94, 49.58, 28.05..

Preparation of Substrate 13:

Step 1:
o) o)
NH i NH
+ CICO,Et — T2NEL _
7\ THF, 70°C 7\
NH N
N= N=

o%z

To an 25 mL round bottom flask was added 5,6-Dihydro-6-oxo-11H-pyrido-[2,3-
b][1,4]benzodiazepine (1.06 g, 5.00 mmol, 1.00 equiv; from Matrix Scientific, CAS # 885-
70-1), 'Pr,NEt (1.1 mL, 6.0 mmol, 1.2 equiv) and THF (10 mL). The suspension was
heated to 70 °C, and CICO,Et was added over 3 minutes. The reaction was held at 70
°C for 1 h, and then at room temperature for 12 h. H,O was added (70 mL) to precipitate
the product as a tan solid. The solid was collected, washed with H,O (2 x 15 mL), and
dried to afford the product as a tan solid (1.16 g, 4.09 mmol, 82% yield) that was used
directly in step 2.
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Step 2:

o] 0 Me
<@ o
N@ + Vel THII;l,aHO"C N@
04/\0 O%\O
K K 13
To a round bottom flask was added NaH (40 mg, 1.7 mmol, 1.1 equiv) and THF (3 mL).
The solid from step 1 (425 mg, 1.50 mmol, 1.00 equiv) was added in portions over 5
minutes. The suspension was stirred at room temperature for 15 minutes, during which
the solution became clear and homogeneous. Mel (100 uL, 1.7 mmol, 1.1 equiv) was
added, and the mixture was heated to 50 °C for 90 minutes at which time 'H NMR
analysis of an aliquot showed complete conversion of the starting material to 13 (Note:
the starting material and product have identical R; values by TLC; therefore reaction
conversion must be measured by an alternative method). The reaction was quenched
with aqueous NH4CI (200 pL). The solvent was removed in vacuo and the product was
purified by silica gel chromatography eluting with ethyl acetate (R; = 0.56) to afford 13 as
a light yellow solid (370 mg, 1.25 mmol, 83% vyield).
'H NMR (600 MHz, Chloroform-d) & 8.37 (d, J = 4.1 Hz, 1H), 7.85 (d, J = 7.9 Hz, 1H),
7.65 (d, J = 8.1 Hz, 1H), 7.52 (m, 2H), 7.41 — 7.29 (m, 2H), 4.36 — 4.15 (m, 2H), 3.59 (s,
3H), 1.25(t, J = 7.1 Hz, 3H).
*C NMR (151 MHz, Chloroform-d) 5 166.67, 153.12, 148.28, 145.55, 141.37, 135.58,
132.47, 131.38, 131.30, 129.42, 127.62, 127.12, 123.63, 62.58, 37.00, 14.25.
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Preparation of Substrate 15:
Br

DIAD PPh3 Cl Me 77
F\C(ko N

Cl

To a 25 mL round bottom flask was added PPh;(1.47 g, 5.60 mmol, 1.4 equiv) and THF
(20 mL). The solution was cooled to 0 °C and DIAD (1.1 mL, 5.6 mmol, 1.4 equiv) was
added. The resulting slurry was stirred at 0 °C for 5 minutes after which time a solution
was added containing 1-(2,6-dichloro-3-fluorophenyl)ethanol® (836 mg, 4.00 mmol, 1.00
equiv) and 5-bromo-3-hydroxypyridine (766 mg, 4.4 mmol, 1.1 equiv) in 10 mL of THF.
The clear orange solution was stirred at room temperature for 4 h and the solvent was
removed in vacuo. The product was purified by silica gel chromatography eluting with
6:1 hexanes : ethyl acetate to afford 15 as a white solid (1.3 g, 3.6 mmol, 89% yield).

'H NMR (500 MHz, Chloroform-d) & 8.26 (s, 1H), 8.17 (s, 1H), 7.36 (t, J = 2.1 Hz, 1H),
7.30 (dd, J = 8.9, 4.8 Hz, 1H), 7.11 — 7.05 (m, 1H), 6.05 (q, J = 6.7 Hz, 1H), 1.83 (d, J =
6.7 Hz, 3H).

*C NMR (151 MHz, Chloroform-d) & 157.42 (d, J = 250.1 Hz), 153.54, 143.23, 136.17,
136.09, 129.94, 128.71 (d, J = 3.7 Hz), 125.38, 121.76 (d, J = 19.3 Hz), 120.26, 116.79
(d, J =23.2 Hz), 73.33, 18.90..
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General Procedure for Tandem C-H fluorination/SyAr

To an oven-dried vial was added the heteroarene (0.20 mmol, 1.0 equiv) and MeCN (2.0
- 8.0 mL). While the solution was stirring rapidly, AgF> (88 mg, 0.60 mmol, 3.0 equiv)
was added at once. The vial was sealed with a Teflon-lined cap, and stirred at room
temperature for 1 h, unless otherwise noted below. The reaction was filtered into a 20
mL vial through a pipette containing ~500 mg of silica wet with Et,O. The silica was
rinsed with 4-5 mL of Et,0, and the filtrate was concentrated in vacuo. The resulting

crude material was subjected to the following SyAr reaction conditions:

Reactions with 1°, 2°, or 3° alcohols:

The crude material from the fluorination reaction was dissolved in 1 mL of THF and the
1° or 2° alcohol (0.24 mmol, 1.2 equiv) was added followed by KO'Bu (0.24 mmol, 1.2
equiv). For 3° alcohol nucleophiles, the potassium 3° alkoxide salt (0.24 mmol, 1.2 equiv)
was used directly. The vial was sealed with a Teflon-lined cap, and stirred at 50 °C for 3
h. The reaction mixture was concentrated in vacuo, and the crude material was purified

by silica gel chromatography.

Reactions with phenols:

The crude material from the fluorination reaction was dissolved in 1 mL of DMF and the
phenol (0.24 mmol, 1.2 equiv) was added followed by KO'Bu (0.24 mmol, 1.2 equiv). The
vial was sealed with a Teflon-lined cap, and stirred at 80 °C for 6 h. The reaction mixture
was diluted with EtOAc (20 mL) and washed 4 x 20 mL H,O (or 4 x 20 mL brine). The

organic layer was concentrated and purified by silica gel chromatography.

Reactions with 1° or 2° amines:

The crude material from the fluorination reaction was dissolved in 500 uL of DMSO and
'Pr,NEt (0.30 mmol, 1.5 equiv) and amine (0.30 mmol, 1.5 equiv) were added. The vial
was sealed with a Teflon-lined cap, and stirred at 120 °C for 18 h. The reaction mixture
was diluted with EtOAc (20 mL) and washed 4 x 20 mL H,O (or 4 x 20 mL brine). The

organic layer was concentrated and purified by silica gel chromatography.
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Reactions with amides:

The crude material from the fluorination reaction was dissolved in 1 mL of DMF, and
amide (0.24 mmol, 1.2 equiv) was added. NaH (0.24 mmol, 1.2 equiv) was added slowly,
and the resulting mixture was stirred at room temperature for 5 minutes, or until H,
evolution stopped. The vial was sealed with a Teflon-lined cap, and stirred at 100 °C for
3 h. The reaction mixture was diluted with EtOAc (20 mL) and washed with 4 x 20 mL of
H,O (or 4 x 20 mL brine). The organic layer was concentrated and purified by silica gel

chromatography.

Reactions with nitrogen heterocycles:

The crude material from the fluorination reaction was dissolved in 1 mL of DMF and the
nitrogen heterocycle (0.24 mmol, 1.2 equiv) was added. NaH (0.24 mmol, 1.2 equiv) was
added slowly, and the resulting mixture was stirred at room temperature for 5 minutes, or
until H, evolution stopped. The vial was sealed with a Teflon-lined cap, and stirred at 100
°C for 1-3 h. The reaction mixture was diluted with EtOAc (20 mL) and washed with 4 x
20 mL of H,O (or 4 x 20 mL brine). The organic layer was concentrated and purified by

silica gel chromatography.

Reactions with KCN:

The crude material from the fluorination reaction was dissolved in 500 uL of DMSO and

KCN (0.60 mmol, 3.0 equiv) was added. The vial was sealed with a Teflon-lined cap,
and stirred at 120 °C for 18 h. The reaction mixture was diluted with EtOAc (20 mL) and
washed with 4 x 20 mL of H,O (or 4 x 20 mL brine). The organic layer was concentrated

and purified by silica gel chromatography.

Reactions with sodium thiolate salts:

The crude material from the fluorination reaction was dissolved in 1 mL of THF and the
sodium thiolate salt (0.24 mmol, 1.2 equiv) was added. The vial was sealed with a
Teflon-lined cap, and stirred at 50 °C for 3 h. The reaction mixture was concentrated in

vacuo, and the crude material was purified by silica gel chromatography.
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Synthesis of 2-butoxy-6-phenylpyridine (1a)

N The general procedure for tandem C-H fluorination/SyAr was
Ph/(Nj\O/\/\ performed v§/|th 2-phenylpyridine. The fluorination step was

performed with 2 mL of MeCN at room temperature for 1 h. The

product was purified by silica gel chromatography eluting with 9:1 hexanes : ethyl
acetate (Rr = 0.44) to afford 1a as a colorless oil (38 mg, 0.17 mmol, 84% yield).
'H NMR (600 MHz, Chloroform-d) 5 8.06 (d, J = 7.4 Hz, 2H), 7.63 (t, J = 7.8 Hz, 2H),
7.48 (t,J=7.5Hz,2H), 7.41 (t, J = 7.3 Hz, 1H), 7.34 (d, J = 7.4 Hz, 1H), 6.69 (d, J = 8.1
Hz, 1H), 4.46 (t, J = 6.6 Hz, 2H), 1.84 (p, J = 6.8 Hz, 2H), 1.55 (h, J = 7.4 Hz, 2H), 1.02
(t, J=7.4 Hz, 3H).
3C NMR (151 MHz, Chloroform-d) & 163.65, 154.58, 139.14, 139.04, 128.71, 128.53,
126.64, 112.53, 109.33, 65.49, 31.19, 19.37, 13.93.
Calculated exact mass: 227.13
El Mass Spectrum: 227.1 (M*, 13% relative intensity), 171.1 ([M-56]" base peak)

Synthesis of 2-isopropoxy-6-phenylpyridine (1b)
N The general procedure for tandem C-H fluorination/SyAr was

/@ /k performed with 2-phenylpyridine. The fluorination step was performed
PoNE0 with 2 mL of MeCN at room temperature for 1 h. The product was
purified by silica gel chromatography eluting with 20:1 hexanes : ethyl acetate (R; = 0.59)
to afford 1b as a colorless oil (36 mg, 0.17 mmol, 84% yield).
'H NMR (600 MHz, Chloroform-d) & 8.06 (d, J = 7.6 Hz, 2H), 7.62 (t, J = 7.8 Hz, 1H),
748 (t, J=7.6 Hz, 2H), 7.41 (t, J=7.3 Hz, 1H), 7.33 (d, J = 7.4 Hz, 1H), 6.66 (d, J = 8.2
Hz, 1H), 5.54 (hept, J = 6.2 Hz, 1H), 1.45 (d, J = 6.2 Hz, 6H).
3C NMR (151 MHz, Chloroform-d) & 163.04, 154.50, 139.20, 139.09, 128.67, 128.52,
126.60, 112.28, 109.86, 67.72, 22.07.

Calculated exact mass: 213.12
El Mass Spectrum: 213.1 (M*, 22% relative intensity), 171.1 ((M-42]" base peak)
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Synthesis of 2-(tert-butoxy)-6-phenylpyridine (1c)
N The general procedure for tandem C-H fluorination/SyAr was

/@ J< performed with 2-phenylpyridine. The fluorination step was performed
PO with 2 mL of MeCN at room temperature for 1 h. The product was
purified by silica gel chromatography eluting with 20:1 hexanes : ethyl acetate (R = 0.57)
to afford 1c as a colorless oil (37 mg, 0.16 mmol, 81% yield).
'H NMR (600 MHz, Chloroform-d) 5 8.02 (d, J = 7.6 Hz, 2H), 7.58 (t, J = 7.8 Hz, 1H),
7.46 (t, J=7.6 Hz, 2H), 7.39 (t, J = 7.3 Hz, 1H), 7.31 (d, J = 7.4 Hz, 1H), 6.60 (d, J = 8.2
Hz, 1H), 1.69 (s, 9H).
3C NMR (151 MHz, Chloroform-d) 5 163.55, 154.22, 139.42, 138.84 (two overlapping
peaks), 128.56, 126.62, 112.15, 111.64, 79.38, 28.81.

Calculated exact mass: 227.13
El Mass Spectrum: 227.1 (M*, 3% relative intensity), 171.1 ([M-56]" base peak)

Synthesis of 2-(4-butylphenoxy)-6-phenylpyridine (1d)

N The general procedure for tandem C-H fluorination/SyAr
| _ /©/\/\ was performed with 2-phenylpyridine. The fluorination

° step was performed with 2 mL of MeCN at room

temperature for 1 h. The product was purified by silica gel chromatography eluting with
20:1 hexanes : ethyl acetate (R; = 0.51) to afford 1d as a colorless oil (44 mg, 0.15
mmol, 73% yield).
'"H NMR (600 MHz, Chloroform-d) & 7.96 (d, J = 7.2 Hz, 2H), 7.71 (t, J = 7.8 Hz, 1H),
747 (d,J=7.5Hz, 1H), 7.42 (t, J=7.3 Hz, 2H), 7.38 (t, J=7.2 Hz, 1H), 7.22 (d, J = 8.3
Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 6.75 (d, J = 8.1 Hz, 1H), 2.68 — 2.63 (m, 2H), 1.65 (p, J
=7.6 Hz, 2H), 1.40 (h, J =7.3 Hz, 2H), 0.97 (t, J = 7.4 Hz, 3H).
C NMR (151 MHz, Chloroform-d) & 163.64, 155.56, 152.08, 139.92, 139.00, 138.40,
129.34, 129.00, 128.54, 126.75, 120.91, 114.39, 109.04, 35.01, 33.67, 22.29, 13.96.
Calculated exact mass: 303.16
El Mass Spectrum: 303.2 (M*, 67% relative intensity), 302.2 ([M-1]" base peak)
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Synthesis of N-octyl-6-phenylpyridin-2-amine (1e)

N The general procedure for tandem C-H
@\ PN fluorination/SyAr was performed with 2-
PN N phenylpyridine. The fluorination step was performed
with 2 mL of MeCN at room temperature for 1 h. The product was purified by silica gel
chromatography eluting with 20:1 hexanes : ethyl acetate (R; = 0.29) to afford 1le as a
colorless oil (34 mg, 0.12 mmol, 60% vyield).

'"H NMR (600 MHz, Chloroform-d) & 7.96 (d, J = 7.7 Hz, 2H), 7.50 (t, J = 7.8 Hz, 1H),
7.44 (t,J=7.6 Hz, 2H), 7.37 (t, J =7.2 Hz, 1H), 7.02 (d, J = 7.4 Hz, 1H), 6.34 (d, J = 8.2
Hz, 1H), 4.71 (br, 1H), 3.32 (q, J = 6.6 Hz, 2H), 1.66 (p, J =7.2 Hz, 2H), 1.43 (p, J = 6.8
Hz, 2H), 1.38 — 1.25 (m, 8H), 0.89 (t, J = 6.8 Hz, 3H).

3C NMR (151 MHz, Chloroform-d) & 158.70, 155.70, 139.80, 138.12 (two overlapping
peaks), 128.44, 126.75, 109.40, 104.70, 42.38, 31.82, 29.64, 29.38, 29.25, 27.12, 22.64,
14.08.

Calculated exact mass: 282.21

El Mass Spectrum: 282.2 (M*, 25% relative intensity), 183.1 ([M-99]" base peak)

Synthesis of 4-(6-phenylpyridin-2-yl)morpholine (1f)

N The general procedure for tandem C-H fluorination/SyAr was
| _ performed with 2-phenylpyridine. The fluorination step was

PN I\@ performed with 2 mL of MeCN at room temperature for 1 h. The

product was purified by silica gel chromatography eluting with 9:1

hexanes : ethyl acetate (Rf = 0.28) to afford 1f as a colorless oil (36 mg, 0.15 mmol, 75%

yield).

'H NMR (600 MHz, Chloroform-d) & 8.04 (d, J = 7.3 Hz, 2H), 7.61 — 7.55 (m, 1H), 7.46

(t, J=7.6 Hz, 2H), 7.39 (t, J = 7.3 Hz, 1H), 7.17 (d, J = 7.5 Hz, 1H), 6.59 (d, J = 8.4 Hz,

1H), 3.88 — 3.86 (m, 4H), 3.64 — 3.60 (m, 4H).

3C NMR (151 MHz, Chloroform-d) & 159.06, 155.11, 139.64, 138.17, 128.56, 128.40,

126.66, 110.12, 105.22, 66.76, 45.52.

Calculated exact mass: 240.13

El Mass Spectrum: 240.1 (M*, 57% relative intensity), 209.1 ([M-31]" base peak)
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Synthesis of 6-phenylpicolinonitrile (19)
N The general procedure for tandem C-H fluorination/SyAr was performed

| _ with 2-phenylpyridine. The fluorination step was performed with 2 mL of
Fh MeCN at room temperature for 1 h. The product was purified by silica
gel chromatography eluting with 6:1 hexanes : ethyl acetate (R; = 0.33) to afford 1g as a
white solid (22 mg, 0.12 mmol, 61% yield).
NMR spectra were in accord with previously reported spectral data.™
'"H NMR (600 MHz, Chloroform-d) & 8.02 (d, J = 7.1 Hz, 2H), 7.94 (d, J = 8.1 Hz, 1H),
7.88 (t, J=7.8 Hz, 1H), 7.61 (d, J = 7.5 Hz, 1H), 7.49 (m, 3H).
3C NMR (151 MHz, Chloroform-d) & 158.86, 137.68, 137.09, 133.69, 130.10, 128.91,
126.97, 126.52, 123.43, 117.37.

Synthesis of 3-(benzyloxy)-2-butoxy-6-methylpyridine (2a)
The general procedure for tandem C-H fluorination/SyAr was
O \/© performed with 5-(benzyloxy)-2-methylpyridine. The fluorination

| _ step was performed with 2 mL of MeCN at room temperature for

Me N O 1 h. The product was purified by silica gel chromatography

eluting with 9:1 hexanes : ethyl acetate (R; = 0.67) to afford 2a as a colorless oil (42 mg,
0.15 mmol, 77% yield).

'H NMR (600 MHz, Chloroform-d) & 7.43 (d, J = 7.6 Hz, 2H), 7.37 (t, J = 7.5 Hz, 2H),
7.31 (t, 3 =7.3 Hz, 1H), 6.95 (d, J = 7.8 Hz, 1H), 6.56 (d, J = 7.8 Hz, 1H), 5.11 (s, 2H),
441 (t, J = 6.7 Hz, 2H), 2.37 (s, 3H), 1.84 (p, J = 6.9 Hz, 2H), 1.53 (h, J = 7.4 Hz, 2H),
1.01 (t, J = 7.4 Hz, 3H).

®C NMR (151 MHz, Chloroform-d) & 154.39, 147.10, 140.45, 137.04, 128.42, 127.77,
127.23, 122.34, 114.91, 71.36, 65.63, 31.17, 23.21, 19.34, 13.92.

Calculated exact mass: 271.16

El Mass Spectrum: 271.1 (M*, 12% relative intensity), 91.1 ([C;H;]" base peak)
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Synthesis of 3-(benzyloxy)-2-isopropoxy-6-methylpyridine (2b)

The general procedure for tandem C-H fluorination/SyAr was
K© performed with 5-(benzyloxy)-2-methylpyridine. The fluorination

o step was performed with 2 mL of MeCN at room temperature for 1

/(j[ J\ h. The product was purified by silica gel chromatography eluting
Me 'N° O with 9:1 hexanes : ethyl acetate (R; = 0.69) to afford 2b as a
colorless oil (40 mg, 0.16 mmol, 78% vyield).
'"H NMR (600 MHz, Chloroform-d) & 7.43 (d, J = 7.5 Hz, 2H), 7.37 (t, J = 7.5 Hz, 2H),
7.30 (t, J=7.3 Hz, 1H), 6.95 (d, J = 7.8 Hz, 1H), 6.53 (d, J = 7.8 Hz, 1H), 5.46 (hept, J =
6.1 Hz, 1H), 5.12 (s, 2H), 2.36 (s, 3H), 1.42 (d, J = 6.2 Hz, 6H).
C NMR (151 MHz, Chloroform-d) & 153.93, 147.26, 140.56, 137.19, 128.39, 127.72,
127.23, 122.96, 114.67, 71.52, 67.90, 23.28, 22.11.
Calculated exact mass: 257.14
El Mass Spectrum: 257.1 (M*, 11% relative intensity), 91.0 ([C;H;]" base peak)

Synthesis of 3-(benzyloxy)-2-(tert-butoxy)-6-methylpyridine (2c)

The general procedure for tandem C-H fluorination/SyAr was
K© performed with 5-(benzyloxy)-2-methylpyridine. The fluorination

o step was performed with 2 mL of MeCN at room temperature for 1

/(j[ J< h. The product was purified by silica gel chromatography eluting
Me 'N° O with 9:1 hexanes : ethyl acetate (R; = 0.69) to afford 2c as a
colorless oil (42 mg, 0.15 mmol, 77% vyield).
'"H NMR (600 MHz, Chloroform-d) & 7.43 (d, J = 7.6 Hz, 2H), 7.36 (t, J = 7.4 Hz, 2H),
7.30 (t, J =7.3 Hz, 1H), 6.98 (d, J = 7.8 Hz, 1H), 6.56 (d, J = 7.8 Hz, 1H), 5.06 (s, 2H),
2.36 (s, 3H), 1.64 (s, 9H).
3C NMR (151 MHz, Chloroform-d) & 154.23, 147.30, 141.74, 137.33, 128.37, 127.72,
127.36, 123.65, 115.10, 80.12, 71.74, 28.82, 23.32.
Calculated exact mass: 271.16
El Mass Spectrum: 271.1 (M*, 1% relative intensity), 215.1 ([M-56]", 33% relative
intensity), 91.1 ([C;H;]" base peak)
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Synthesis of 3-(benzyloxy)-6-methyl-2-(1H-pyrrol-1-yl)pyridine (2d)
The general procedure for tandem C-H fluorination/SyAr was
0 M@ performed with 5-(benzyloxy)-2-methylpyridine. The fluorination
ﬁ step was performed with 2 mL of MeCN at room temperature for
Me N D 1 h. The product was purified by silica gel chromatography
eluting with 9:1 hexanes : ethyl acetate (R¢ = 0.41) to afford 2d
as a light yellow oil (31 mg, 0.12 mmol, 59% vyield).
'H NMR (600 MHz, Chloroform-d) & 7.69 (t, J = 2.2 Hz, 2H), 7.40 (d, J = 6.8 Hz, 4H),
7.35 (m, 1H), 7.27 (d, J = 8.1, 1H), 6.92 (d, J = 8.2 Hz, 1H), 6.32 — 6.30 (m, 2H), 5.10 (s,
2H), 2.49 (s, 3H).
3C NMR (151 MHz, Chloroform-d) & 149.15, 143.24, 141.13, 136.00, 128.66, 128.17,
127.32, 123.29, 120.88, 120.17, 109.52, 71.37, 23.28.

Synthesis of tert-butyl 2-(3-bromophenoxy)isonicotinate (3a)

performed with tert-butyl isonicotinate. The fluorination step was

| N /@\ performed with 4 mL of MeCN at 50 °C for 2 h. The product was
~

N~ O Br
ethyl acetate to afford 3a as a colorless oil (28 mg, 0.080 mmol, 40% vyield).
'H NMR (600 MHz, Chloroform-d) & 8.28 (d, J = 5.1 Hz, 1H), 7.52 (d, J = 5.1 Hz, 1H),
7.45 (s, 1H), 7.35 (d, J = 8.0 Hz, 1H), 7.32 (d, J = 1.9 Hz, 1H), 7.29 — 7.25 (m, 1H), 7.09
(dd, J =8.1, 2.1 Hz, 1H), 1.61 (s, 9H).
*C NMR (101 MHz, Chloroform-d) & 163.72, 163.45, 154.50, 148.11, 143.32, 130.71,
128.05, 124.58, 122.67, 119.93, 118.20, 111.73, 82.71, 28.02.
Calculated exact mass: 349.03 (100.0%), 351.03 (97.3%)
El Mass Spectrum: 349.0 ([M with "°Br]*, 18% relative intensity), 351.1 ([M with 2'Br]*
18% relative intensity), 293.9 ([M-55]" base peak)

o O\k The general procedure for tandem C-H fluorination/SyAr was

purified by silica gel chromatography eluting with 9:1 hexanes :
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Synthesis of tert-butyl 2-(2-oxopyrrolidin-1-yl)isonicotinate (3b)

The general procedure for tandem C-H fluorination/SyAr was performed
with tert-butyl isonicotinate. The fluorination step was performed with 4
mL of MeCN at 50 °C for 2 h. The product was purified by silica gel
chromatography eluting with 3:1 hexanes : ethyl acetate (R; = 0.27) to
afford 3b as a light yellow oil (24 mg, 0.091 mmol, 46% vyield).

"H NMR (600 MHz, Chloroform-d) & 8.86 (s, 1H), 8.43 (d, J = 5.1 Hz, 1H), 7.55 — 7.49
(m, 1H), 4.10 (t, J = 7.1 Hz, 2H), 2.67 (t, J = 8.1 Hz, 2H), 2.14 (p, J = 7.8 Hz, 2H), 1.59

(s, 9H).

3C NMR (151 MHz, Chloroform-d) & 174.94, 164.11, 152.53, 147.84, 141.03, 118.49,
114.24, 82.31, 47.49, 33.52, 28.00, 17.65.

Calculated exact mass: 262.13

El Mass Spectrum: 262.1 (M*, 12% relative intensity), 151.0 ([M-111]" base peak)

Synthesis of tert-butyl 2-(1H-imidazol-1-yl)isonicotinate (3c)

oo\{/

|\
N7 ONN

N

The general procedure for tandem C-H fluorination/SyAr was performed
with tert-butyl isonicotinate. The fluorination step was performed with 4
mL of MeCN at 50 °C for 2 h. The product was purified by silica gel
chromatography eluting with 99:1 ethyl acetate : triethylamine (Rf =
0.16) to afford 3c as a light yellow oil (22 mg, 0.090 mmol, 45% yield).

"H NMR (600 MHz, Chloroform-d) & 8.58 (d, J = 5.0 Hz, 1H), 8.46 (s, 1H), 7.85 (s, 1H),
7.72 (dd, J = 5.0, 1.1 Hz, 1H), 7.69 (s, 1H), 7.23 (s, 1H), 1.62 (s, 9H).

3C NMR (151 MHz, Chloroform-d) & 163.04, 149.82, 149.64, 142.53, 134.94, 130.46,
121.26, 116.21, 111.70, 83.29, 28.00.
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Synthesis of 3-bromo-2-isopropoxy-6-(((tetrahydro-2H-pyran-2-
yl)oxy)methyl)pyridine (4a)
The general procedure for tandem C-H fluorination/SyAr

Br
X
o O\/Q J\ was performed with 5-bromo-2-(((tetrahydro-2H-pyran-2-
U N™ O yhoxy)methyl)pyridine. The fluorination step was performed

product was purified by silica gel chromatography eluting with 9:1 hexanes : ethyl

with 2 mL of MeCN at room temperature for 1 h. The

acetate (Ry = 0.67) to afford 4a as a colorless oil (49 mg, 0.15 mmol, 74% vyield).

'"H NMR (600 MHz, Chloroform-d) & 7.74 (d, J = 7.8 Hz, 1H), 6.86 (d, J = 7.7 Hz, 1H),
5.32 (hept, J = 6.1 Hz, 1H), 4.76 (t, J = 3.3 Hz, 1H), 4.70 (d, J = 13.8 Hz, 1H), 4.48 (d, J
=13.8 Hz, 1H), 3.93 — 3.88 (m, 1H), 3.55 (dd, J = 10.3, 5.0 Hz, 1H), 1.92 — 1.84 (m, 1H),
1.80 -1.73 (m, 1H), 1.70 (m, 1H), 1.65 — 1.51 (m, 3H), 1.36 (dd, J = 6.2, 2.0 Hz, 6H).
*C NMR (151 MHz, Chloroform-d) & 158.67, 155.11, 141.79, 114.39, 105.42, 98.19,
69.44, 68.92, 62.08, 30.50, 25.40, 21.89, 19.25.

Chemical formula: C14H20BrNO3

Calculated exact mass: 329.0627

Observed formula by ESIMS: C14H21BrNO;

Observed exact mass: 330.0702 (calculated exact mass + 'H)
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Synthesis of 3-bromo-N-octyl-6-(((tetrahydro-2H-pyran-2-yl)oxy)methyl)pyridin-2-

amine (4b)

The general procedure for tandem C-H
0. 0 | P fluorination/SyAr  was  performed with  5-

U N H/W\/\ bromo-2-(((tetrahydro-2H-pyran-2-

yl)oxy)methyl)pyridine. The fluorination step

was performed with 2 mL of MeCN at room temperature for 1 h. The product was

purified by silica gel chromatography eluting with 20:1 hexanes : ethyl acetate to afford

4b as a colorless oil (56 mg, 0.14 mmol, 70% vyield).

'H NMR (600 MHz, Chloroform-d) & 7.55 (d, J = 7.8 Hz, 1H), 6.57 (d, J = 7.8 Hz, 1H),

4.95 (br, 1H), 4.77 (t, J = 3.3 Hz, 1H), 4.68 (d, J = 13.7 Hz, 1H), 4.46 (d, J = 13.7 Hz,

1H), 3.96 — 3.88 (m, 1H), 3.53 (dt, J = 10.2, 4.4 Hz, 1H), 3.42 (q, J = 6.7 Hz, 2H), 1.89

(m, 1H), 1.76 (m,, 1H), 1.69 (m, 1H), 1.65 — 1.51 (m, 5H), 1.40 — 1.22 (m, 10H), 0.88 (t, J

=6.9 Hz, 1H).

*C NMR (151 MHz, Chloroform-d) & 156.02, 153.95, 139.55, 110.12, 103.56, 98.14,

69.30, 62.02, 41.65, 31.79, 30.52, 29.58, 29.33, 29.21, 27.00, 25.44, 22.61, 19.28,

14.05.

Chemical formula: C4gH31BrN,O

Calculated exact mass: 398.1569

Observed formula by ESIMS: C49H3,BrN>O,

Observed exact mass: 399.1642 (calculated exact mass + 'H)
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Synthesis of 3-bromo-2-(tert-butylthio)-6-(((tetrahydro-2H-pyran-2-
yl)oxy)methyl)pyridine (4c)

Br The general procedure for tandem C-H fluorination/SyAr
X

| was performed with 5-bromo-2-(((tetrahydro-2H-pyran-2-

U N™ 'S yhoxy)methyl)pyridine. The fluorination step was performed
with 2 mL of MeCN at room temperature for 1 h. The

product was purified by silica gel chromatography eluting with 20:1 hexanes : ethyl
acetate (Ry = 0.37) to afford 4c as a colorless oil (37 mg, 0.10 mmol, 51% yield).
'H NMR (600 MHz, Chloroform-d) 8 7.67 (d, J = 8.0 Hz, 1H), 7.01 (d, J = 8.0 Hz, 1H),
4.81 (d, J =13.7 Hz, 1H), 4.77 (t, J = 3.3 Hz, 1H), 4.56 (d, J = 13.7 Hz, 1H), 3.93 — 3.87
(m, 1H), 3.59 — 3.52 (m, 1H), 1.88 (m, 1H), 1.78 (m, 1H), 1.74 — 1.67 (m, 1H), 1.64 —
1.53 (m, 12H).
®C NMR (151 MHz, Chloroform-d) & 159.03, 156.60, 139.71, 117.27, 117.18, 98.43,
69.19, 62.12, 48.66, 30.51, 30.07, 25.39, 19.23.
Chemical formula: C45H2,BrNO,S
Calculated exact mass: 359.0555 for 4c with "°Br isotope
Observed formula by ESIMS: C45H,,BrNO,SNa

Observed exact mass: 382.0447 (calculated exact mass + *Na)

Synthesis of 4-(tert-butoxy)-2,6-dimethoxypyrimidine (5a)
o The general procedure for tandem C-H fluorination/SyAr was
N)j\ performed with 2,4-dimethoxypyrimidine. The fluorination step was
- )l\ _ J< performed with 2 mL of MeCN at room temperature for 1 h. The
o N0 product was purified by silica gel chromatography eluting with 20:1
hexanes : ethyl acetate (R = 0.41) to afford 5a as a colorless oil (30 mg, 0.14 mmol,
71% yield).
"H NMR (600 MHz, Chloroform-d) & 5.62 (s, 1H), 3.92 (s, 3H), 3.88 (s, 3H), 1.58 (s, 9H).
3C NMR (151 MHz, Chloroform-d) & 172.58, 172.09, 164.35, 85.49, 81.33, 54.60, 53.76,
28.69.
Calculated exact mass: 212.12
El Mass Spectrum: 212.1 (M*, 3% relative intensity), 156.0 ([M-56]" base peak)
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Synthesis of 2,6-dimethoxy-N-octylpyrimidin-4-amine (5b)
o The general procedure for tandem C-H
\ )j\ fluorination/SyAr  was  performed  with  2,4-
\O)|\N/ PPN dlmethoxypy.rlmldlne. The fluorination step was
H performed with 2 mL of MeCN at room temperature
for 1 h. The product was purified by silica gel chromatography eluting with 3:1 hexanes :
ethyl acetate (R; = 0.44) to afford 5b as a colorless oil which solidified to a white solid on
standing (38 mg, 0.14 mmol, 71% vyield).
'"H NMR (600 MHz, Chloroform-d) & 5.31 (s, 1H), 4.92 (s, 1H), 3.86 (two overlapping
methyl peaks, 6H), 3.16 (s, 2H), 1.55 (q, J = 6.8 Hz, 2H), 1.38 — 1.17 (m, 10H), 0.85 (t, J
= 6.5 Hz, 3H).
3C NMR (151 MHz, Chloroform-d) & 172.00, 165.51, 164.90, 78.34, 54.05, 53.42, 41.74,
31.70, 29.20 (2 overlapping peaks), 29.12, 26.86, 22.54, 13.98.
Calculated exact mass: 267.19
El Mass Spectrum: 267.2 (M*, 16% relative intensity), 168.0 ([M-99]" base peak)

Synthesis of 1-(2,6-dimethoxypyrimidin-4-yl)pyrrolidin-2-one (5c)
o The general procedure for tandem C-H fluorination/SyAr was
N)j 5 performed with 2,4-dimethoxypyrimidine. The fluorination step was
- )|\ _ performed with 2 mL of MeCN at room temperature for 1 h. The
o N '\\l§ product was purified by silica gel chromatography eluting with 2:1
hexanes : ethyl acetate (R¢ = 0.36) to afford 5c as a white solid (28
mg, 0.13 mmol, 63% yield).
'H NMR (600 MHz, Chloroform-d) 5 7.41 (s, 1H), 4.05 (t, J = 7.2 Hz, 2H), 3.93 (two
overlapping peaks, 6H), 2.61 (t, J = 8.1 Hz, 2H), 2.09 (p, J = 7.8 Hz, 2H).
3C NMR (151 MHz, Chloroform-d) & 175.53, 172.88, 164.27, 159.27, 88.48, 54.47,
54.01, 46.87, 33.59, 17.56.
Calculated exact mass: 223.10
El Mass Spectrum: 223.1 (M*, 46% relative intensity), 168.1 ([M-55]" base peak)
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Synthesis of 2-isopropoxy-4-(3-methoxyphenoxy)-6-(trifluoromethyl)pyrimidine
(6a)

CF, The general procedure for tandem C-H fluorination/SyAr

N~ was performed with 2-isopropoxy-4-
)\ )|\ _ /©\ _ (trifluoromethyl)pyrimidine. The fluorination step was
O O O

N performed with 2 mL of MeCN at room temperature for 1
h. The product was purified by silica gel chromatography eluting with 20:1 hexanes :
ethyl acetate (Ry = 0.26) to afford 6a as a colorless oil (33 mg, 0.10 mmol, 50% vyield).
'"H NMR (600 MHz, Chloroform-d) & 7.33 (t, J = 8.2 Hz, 1H), 6.83 (dd, J = 8.3, 1.8 Hz,
1H), 6.76 (s, 1H), 6.75 — 6.72 (m, 1H), 6.69 (s, 1H), 5.11 (hept, J = 6.2 Hz, 1H), 3.81 (s,
3H), 1.32 (d, J = 6.2 Hz, 6H).
3C NMR (151 MHz, Chloroform-d) & 172.24, 165.22, 160.84, 158.88 (q, J = 35.9 Hz),
152.82, 130.19, 120.15 (q, J = 274.9 Hz), 113.54, 111.90, 107.46, 97.72 (q, J = 2.9 Hz),
71.92,55.47, 21.55.
Calculated exact mass: 328.10
El Mass Spectrum: 328.1 (M*, 27% relative intensity), 149.0 ([M-179]" base peak)

Synthesis of 4-(2-isopropoxy-6-(trifluoromethyl)pyrimidin-4-yl)morpholine (6b)
CFs The general procedure for tandem C-H fluorination/SyAr was
performed with 2-isopropoxy-4-(trifluoromethyl)pyrimidine. The

X

N
)\ )|\ _ fluorination step was performed with 2 mL of MeCN at room
07 NN

&O temperature for 1 h. The product was purified by silica gel
chromatography eluting with 6:1 hexanes : ethyl acetate (R; =
0.24) to afford 6b as a colorless oil (29 mg, 0.10 mmol, 50% yield).

'H NMR (600 MHz, Chloroform-d) & 6.44 (s, 1H), 5.23 (hept, J = 6.1 Hz, 1H), 3.79 — 3.74
(m, 4H), 3.70 (br, 4H), 1.36 (d, J = 6.2 Hz, 6H).

3C NMR (151 MHz, Chloroform-d) & 164.98, 164.33, 156.61 (q, J = 34.5 Hz), 120.75 (q,

J =274.7 Hz), 92.79 (q, J = 3.2 Hz), 70.44, 66.34, 44.43, 21.77.
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Synthesis of 6-(tert-butoxy)-4-chloro-N,N-diethylpicolinamide (7a)
cl The general procedure for tandem C-H fluorination/SyAr was
\ N performed  with  4-chloro-N,N-diethylpicolinamide.  The
\/N\H/(Nj\ok fluorination step was performed with 4 mL of MeCN at room
o temperature for 1 h. The product was purified by silica gel
chromatography eluting with 6:1 hexanes : ethyl acetate (R; = 0.29) to afford 7a as a
colorless oil (40 mg, 0.14 mmol, 70% vyield).
'"H NMR (600 MHz, Chloroform-d) & 7.00 (d, J = 1.7 Hz, 1H), 6.66 (d, J = 1.7 Hz, 1H),
3.52 (q, J =7.1 Hz, 2H), 3.34 (q, J = 7.1 Hz, 2H), 1.53 (s, 9H), 1.22 (t, J = 7.1 Hz, 3H),
1.10 (t, J = 7.1 Hz, 3H).
3C NMR (151 MHz, Chloroform-d) & 167.50, 163.45, 153.23, 145.56, 115.68, 113.61,
80.96, 42.43, 39.41, 28.54, 14.29, 12.68.
Calculated exact mass: 284.13

El Mass Spectrum: 284.1 (M*, 1% relative intensity), 227.0 ([M-57]" 13% relative
intensity), 72.1 ([C4H1oN]* base peak)

Synthesis of 4-chloro-6-(dibutylamino)-N,N-diethylpicolinamide (7b)

cl The general procedure for tandem C-H fluorination/SyAr
\ N was performed with 4-chloro-N,N-diethylpicolinamide.
N | N/ N The fluorination step was performed with 4 mL of MeCN
at room temperature for 1 h. The product was purified by

O K/\

silica gel chromatography eluting with 6:1 hexanes : ethyl
acetate (Rr= 0.28) to afford 7b as a colorless oil (48 mg, 0.14 mmol, 71% yield).
'H NMR (600 MHz, Chloroform-d) & 6.67 (s, 1H), 6.35 (s, 1H), 3.49 (g, J = 6.6 Hz, 2H),
3.36 (m, 6H), 1.51 (m, 4H), 1.29 (m, 4H), 1.19 (t, J = 6.8 Hz, 3H), 1.13 (t, J = 6.7 Hz,
3H), 0.91 (t, J = 7.1 Hz, 6H).
3C NMR (151 MHz, Chloroform-d) & 168.20, 157.45, 154.55, 144.85, 110.02, 105.09,
48.40, 42.58, 39.50, 29.51, 20.13, 14.28, 13.83, 12.65.
Calculated exact mass: 339.21
El Mass Spectrum: 339.2 (M*, 52% relative intensity), 240.1 ([M-99]" base peak)
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Synthesis of 4-chloro-N,N-diethyl-6-(1H-indol-1-yl)picolinamide (7c)

The general procedure for tandem C-H fluorination/SyAr

Cl
\ X was performed with 4-chloro-N,N-diethylpicolinamide. The
~_N | N/ \ fluorination step was performed with 4 mL of MeCN at
o — room temperature for 1 h. The product was purified by

silica gel chromatography eluting with 6:1 hexanes : ethyl acetate to afford 7c as a light
yellow oil (40 mg, 0.12 mmol, 61% yield).

'"H NMR (600 MHz, Chloroform-d) & 8.17 (d, J = 8.3 Hz, 1H), 7.72 (s, 1H), 7.66 (d, J =
7.7 Hz, 1H), 7.55 (s, 1H), 7.44 (s, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.24 (t, J = 7.3 Hz, 1H),
6.73 (s, 1H), 3.60 (q, J = 6.7 Hz, 2H), 3.43 (q, J = 6.6 Hz, 2H), 1.30 (t, J = 6.9 Hz, 3H),
1.21 (t, J = 6.7 Hz, 3H).

C NMR (151 MHz, Chloroform-d) 5 166.68, 155.37, 151.83, 146.61, 134.85, 130.62,
125.65, 123.54, 121.86, 121.25, 119.46, 114.31, 113.09, 106.64, 43.14, 40.16, 14.37,
12.73.

Calculated exact mass: 327.11

El Mass Spectrum: 327.1 (M*, 13% relative intensity), 72.1 ([C4H1oN]" base peak)

Synthesis of tert-butyl benzyl(3-butoxy-6-chloroquinoxalin-2-yl)carbamate (8a)
The general procedure for tandem C-H fluorination/SyAr
\i/ was performed with tert-butyl benzyl(6-chloroquinoxalin-2-
OYi@ yl)carbamate. The fluorination step was performed with 2
N\ N mL of MeCN at room temperature for 1 h. The product
CI/@NIO/\/\ was purified by silica gel chromatography eluting with 20:1
hexanes : ethyl acetate to afford 8a as a light yellow oil (81 mg, 0.18 mmol, 92% vyield).
'H NMR (600 MHz, Chloroform-d) & 7.80 (d, J = 8.8 Hz, 1H), 7.76 (s, 1H), 7.46 (d, J =
8.8 Hz, 1H), 7.35 (d, J = 7.5 Hz, 2H), 7.23 (t, J = 7.4 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H),
5.08 (s, 2H), 4.40 (s, 2H), 1.75 (p, J = 6.8 Hz, 2H), 1.44 (m, 2H), 1.40 (s, 9H), 0.96 (t, J =
7.4 Hz, 3H).
3C NMR (151 MHz, Chloroform-d) & 154.48, 153.60, 143.08, 140.13, 137.93, 135.83,
134.80, 129.03, 128.13, 127.73, 127.16, 127.06, 125.64, 81.40, 66.79, 51.80, 30.72,
28.05, 19.12, 13.75.
Calculated exact mass: 441.18
El Mass Spectrum: 341.1 ([M-Boc]*, 57% relative intensity), 91.0 ([C;H;]" base peak)
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Synthesis of N2-benzyl-6-chloro-N3-(furan-2-ylmethyl)quinoxaline-2,3-diamine (8b)

The general procedure for tandem C-H fluorination/SyAr
N H Q was performed with tert-butyl benzyl(6-chloroquinoxalin-2-

/@ I o yl)carbamate. The fluorination step was performed with 2
cl N Nm mL of MeCN at room temperature for 1 h. The product
hexanes : ethyl acetate to afford 8b as a white solid (60 mg, 0.16 mmol, 82% vyield).

was purified by silica gel chromatography eluting with 3:1

Note: The Boc group was cleaved during the SyAr reaction.

'"H NMR (600 MHz, Chloroform-d) & 7.95 (s, 1H), 7.86 (d, J = 8.7 Hz, 1H), 7.56 (d, J =
7.2 Hz, 2H), 7.49 (d, J = 8.6 Hz, 1H), 7.36 — 7.31 (m, 3H), 7.31 — 7.26 (m, 1H), 6.49 (s,
1H), 6.32 (s, 1H), 5.18 (two overlapping peaks, 4H).

3C NMR (151 MHz, Chloroform-d) & 153.54, 148.35, 142.69, 139.75, 139.57, 139.46,
137.57, 135.51, 132.28, 128.81, 128.71, 128.11, 127.55, 126.93, 110.53, 109.56, 43.58,
36.22.

Synthesis of tert-butyl benzyl(6-chloro-3-(1H-imidazol-1-yl)quinoxalin-2-
yl)carbamate (8c)
The general procedure for tandem C-H fluorination/SyAr

was performed with tert-butyl benzyl(6-chloroquinoxalin-2-

O\f\o/© yl)carbamate. The fluorination step was performed with 2
N\ N mL of MeCN at room temperature for 1 h. The product
CI/@NIN/\\N was purified by silica gel chromatography eluting with 1:1

\—/ hexanes : ethyl acetate (R¢ = 0.32) to afford 8c as a light

yellow oil (72 mg, 0.17 mmol, 83% yield).

'"H NMR (600 MHz, Chloroform-d) & 8.05 (s, 1H), 7.98 (m, 2H), 7.71 (d, J = 8.9 Hz, 1H),
7.37 (d,J=7.3Hz, 2H), 7.34 — 7.23 (m, 4H), 7.09 (s, 1H), 5.28 (s, 2H), 1.16 (br, 9H).
3C NMR (151 MHz, Chloroform-d) & 152.54, 142.90, 141.74, 139.44, 138.20, 136.65,
136.35, 136.02, 131.26, 129.20, 129.04 (two overlapping peaks), 128.79, 128.10,
127.17,117.58, 83.08, 51.74, 27.53.

Chemical formula: Cy4H23CIN,O,

Calculated exact mass: 434.1510

Observed formula by ESIMS: C,4H,5CIN4O,

Observed exact mass: 436.1535 (calculated exact mass + 'H,)
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Synthesis of tert-butyl benzyl(6-chloro-3-(3,5-dimethyl-1H-pyrazol-1-yl)quinoxalin-
2-yl)carbamate (8d)

The general procedure for tandem C-H fluorination/SyAr
\i/ was performed with tert-butyl benzyl(6-chloroquinoxalin-2-

o__0O
Y\/@ yl)carbamate. The fluorination step was performed with 2
/@NIN mL of MeCN at room temperature for 1 h. The product
cl N N’N\ was purified by silica gel chromatography eluting with 9:1

hexanes : ethyl acetate (R; = 0.61) to afford 8d as a white
solid (63 mg, 0.14 mmol, 68% yield).

'"H NMR (600 MHz, Chloroform-d) & 7.98 — 7.96 (m, 1H), 7.90 (d, J = 8.9 Hz, 1H), 7.64
(dd, 3 =8.9, 1.9 Hz, 1H), 7.60 (d, J = 7.6 Hz, 2H), 7.32 (t, J = 7.5 Hz, 2H), 7.25 (d, J =
8.9 Hz, 1H), 6.01 (s, 1H), 5.08 (br, 2H), 2.56 (s, 3H), 2.28 (s, 3H), 1.11 (s, 9H).

*C NMR (151 MHz, Chloroform-d) & 152.86, 150.17, 143.75, 142.17, 138.96, 138.83,
138.15, 135.15, 130.52, 129.29, 128.20 (two overlapping peaks), 127.99, 127.04,
126.86, 108.01, 81.16, 53.23, 27.59, 13.67, 12.93.

Chemical formula: CysH27CIN4O,

Calculated exact mass: 462.1823

Observed formula by ESIMS: CysH29CIN4O,

Observed exact mass: 464.1846 (calculated exact mass + 'Hy)
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Synthesis of tert-butyl (2-(6-butoxypyridin-2-yl)ethyl)(methyl)carbamate (9a)
The general procedure for tandem C-H fluorination/SyAr
| _ was performed with Boc-betahistine. The fluorination
\jl\ N"oT T step was performed with 4 mL of MeCN at room
o~ o temperature for 1 h. The product was purified by silica
gel chromatography eluting with 9:1 hexanes : ethyl
acetate (Rr = 0.43) to afford 9a as a colorless oil (37 mg, 0.12 mmol, 60% yield).
Note: Slow rotation about the R,N-CO,'Bu bond results in the appearance of broad
and/or diastereomeric peaks in the *H and **C NMR spectra corresponding to the atoms
to the left of the pyridine ring.
'H NMR (600 MHz, Chloroform-d) & 7.43 (t, J = 7.6 Hz, 1H), 6.67 (d, J = 34.9 Hz, 1H),
6.52 (d, J = 6.6 Hz, 1H), 4.25 (t, J = 6.5 Hz, 2H), 3.54 (s, 2H), 2.80 (m, 5H), 1.73 (p, J =
6.8 Hz, 2H), 1.50 — 1.34 (m, 11H), 0.95 (t, J = 7.3 Hz, 3H).
*C NMR (151 MHz, Chloroform-d) & 163.64, 157.10, 155.59, 138.69, 115.55, 107.93,
79.04, 65.47, 49.08, 36.46, 34.28, 31.18, 28.34, 19.27, 13.85.
Calculated exact mass: 308.21
El Mass Spectrum: 308.2 (M*, 10% relative intensity), 109.0 ([M-199]" base peak)

Synthesis of tert-butyl methyl(2-(6-morpholinopyridin-2-yl)ethyl)carbamate (9b)

The general procedure for tandem C-H fluorination/SyAr was

X
N | N/ N performed with Boc-betahistine. The fluorination step was
&1\ @ performed with 4 mL of MeCN at room temperature for 1 h.
0 )O< The product was purified by silica gel chromatography eluting

with 3:1 hexanes : ethyl acetate to afford 9b as a colorless oil
(30 mg, 0.093 mmol, 47% yield).
Note: Slow rotation about the R,N-CO,'Bu bond results in the appearance of broad
and/or diastereomeric peaks in the *H and **C NMR spectra corresponding to the atoms
to the left of the pyridine ring.
'"H NMR (600 MHz, Chloroform-d) & 7.39 (t, J = 7.5 Hz, 1H), 6.59 — 6.41 (m, 2H), 3.84 —
3.77 (m, 4H), 3.51 (m, 6H), 2.81 (s, 5H), 1.40 (9H).
*C NMR (151 MHz, Chloroform-d) & 159.16, 157.63, 155.62, 137.81, 113.10, 104.19,
79.02, 66.77, 49.13, 45.59, 36.77, 34.35, 28.38.
Calculated exact mass: 321.21
El Mass Spectrum: 321.2 (M*, 9% relative intensity), 178.1 ([M-143]" base peak)
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Synthesis of tert-butyl (2-(6-(1H-indol-1-yl)pyridin-2-yl)ethyl)(methyl)carbamate
(9c)
N The general procedure for tandem C-H fluorination/SyAr was
\N/\/(NJ\N N performed with Boc-betahistine. The fluorination step was
performed with 4 mL of MeCN at room temperature for 1 h.
0 )O< The product was purified by silica gel chromatography eluting
with 6:1 hexanes : ethyl acetate (R; = 0.24) to afford 9c as a
colorless oil (36 mg, 0.10 mmol, 51% vyield).
Note: Slow rotation about the R,N-CO,'Bu bond results in the appearance of broad
and/or diastereomeric peaks in the *H and **C NMR spectra corresponding to the atoms
to the left of the pyridine ring.
'"H NMR (600 MHz, Chloroform-d) & 8.25 (s, 1H), 7.76 — 7.69 (m, 2H), 7.66 (d, J = 7.8
Hz, 1H), 7.34 (d, J = 6.2 Hz, 1H), 7.29 (t, J = 7.7 Hz, 1H), 7.21 (t, J = 7.4 Hz, 1H), 7.04
(d, J =48.4 Hz, 1H), 6.71 (s, 1H), 3.68 (br, 2H), 3.07 (br, 2H), 2.87 (d, J = br, 3H), 1.41
(br, 9H).
®C NMR (151 MHz, Chloroform-d) & 159.13, 155.62, 152.14, 138.68, 135.05, 130.43,
125.99, 122.95, 121.14, 121.00, 119.50, 113.20, 111.89, 105.33, 79.29, 49.15, 36.73,
34.44, 28.39.
Chemical formula: Cy1H25N350,
Calculated exact mass: 351.1947
Observed formula by ESIMS: C,1H2sN30,

Observed exact mass: 354.1812 (calculated exact mass + 'Hj)
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Synthesis of 8-chloro-2-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-5H-
benzo[5,6]cyclohepta[l,2-b]pyridin-11(6H)-one (10a)

The general procedure for tandem C-H

Cl N

/ fluorination/SyAr was performed with 8-chloro-5H-

S N~ 0 o benzo[5,6]cyclohepta[1,2-b]pyridin-11(6H)-one.
/\C >< The fluorination step was performed with 2 mL of

© MeCN at room temperature for 1 h. The product
was purified by silica gel chromatography eluting with 3:1 hexanes : ethyl acetate (R; =
0.27) to afford 10a as a colorless oil (35 mg, 0.94 mmol, 47% yield).
'"H NMR (600 MHz, Chloroform-d) & 7.97 (d, J = 8.4 Hz, 1H), 7.49 (d, J = 8.3 Hz, 1H),
7.30 (d, J =8.4 Hz, 1H), 7.22 (s, 1H), 6.89 (d, J = 8.3 Hz, 1H), 4.50 (td, J = 12.1,9.9, 4.7
Hz, 2H), 4.40 (dd, J =10.4, 6.0 Hz, 1H), 4.13 (t, J = 7.3 Hz, 1H), 3.84 (t, J = 7.3 Hz, 1H),
3.17 - 3.13 (m, 2H), 3.09 — 3.05 (m, 2H), 1.45 (s, 3H), 1.39 (s, 3H).
*C NMR (151 MHz, Chloroform-d) & 192.65, 161.93, 150.35, 143.10, 140.77, 138.58,
135.98, 132.61, 130.69, 129.39, 127.08, 114.87, 109.72, 74.21, 66.77, 66.44, 34.53,
31.54, 26.69, 25.48.
Chemical formula: CyoH2CINO,4
Calculated exact mass: 373.1081
Observed formula by ESIMS: C,iH,,CINOsNa

Observed exact mass: 396.0972 (calculated exact mass + *Na)
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Synthesis of 8-chloro-2-(piperidin-1-yl)-5H-benzo([5,6]cyclohepta[1,2-b]pyridin-
11(6H)-one (10b)
The general procedure for tandem C-H fluorination/SyAr
cl / N was performed with 8-chloro-5H-
5 N D benzo[5,6]cyclohepta[1,2-b]pyridin-11(6H)-one. The
fluorination step was performed with 2 mL of MeCN at
room temperature for 1 h. The product was purified by silica gel chromatography eluting
with 3:1 hexanes : ethyl acetate (R; = 0.38) to afford 10b as a yellow oil (20 mg, 0.061
mmol, 31% yield).
'H NMR (500 MHz, Chloroform-d) 8 7.95 (d, J = 8.5 Hz, 1H), 7.37 (d, J = 8.4 Hz, 1H),
7.28 (dd, J = 8.5, 2.0 Hz, 1H), 7.20 (d, J = 1.9 Hz, 1H), 6.82 (br, 1H), 3.57 (m, 4H), 3.15
—3.09 (m, 2H), 3.02 — 2.98 (m, 2H), 1.64 (br, 6H).
3C NMR (151 MHz, Chloroform-d) & 193.81, 157.94, 143.26, 139.43 (two overlapping
peaks), 138.16, 136.48, 132.56, 129.27, 126.87, 125.76, 110.69, 46.23, 34.80, 31.42,
25.51, 24 .52.
Chemical formula: C41gH19CIN>O
Calculated exact mass: 326.1186
Observed formula by ESIMS: C19H,,CIN,O

Observed exact mass: 327.1258 (calculated exact mass + 'H)
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Synthesis of 8-chloro-2-(1H-pyrazol-1-yl)-5H-benzo([5,6]cyclohepta[l,2-b]pyridin-
11(6H)-one (10c)
The general procedure for tandem C-H fluorination/SyAr
Cl / N was performed with 8-chloro-5H-benzo[5,6]cyclohepta[1,2-
S N N”\{ b]pyridin-11(6H)-one. The fluorination step was performed
K) with 2 mL of MeCN at room temperature for 1 h. The
product was purified by silica gel chromatography eluting with 1:1 hexanes : ethyl
acetate (Ry = 0.28) to afford 10c as a yellow oil (25 mg, 0.081 mmol, 40% yield).
Note: The product was contaminated with ~8% of an inseparable impurity
'H NMR (500 MHz, Chloroform-d) & 8.68 (d, J = 2.4 Hz, 1H), 8.07 (dd, J = 15.8, 8.4 Hz,
2H), 7.79 - 7.73 (m, 2H), 7.36 (dd, J = 8.4, 1.9 Hz, 1H), 7.28 (d, J = 2.8 Hz, 1H), 6.49 —
6.47 (m, 1H), 3.27 — 3.23 (m, 2H), 3.23 — 3.19 (m, 2H).
*C NMR (101 MHz, Chloroform-d) & 192.41, 152.19, 150.44, 143.15, 142.20, 140.39,
139.01, 135.49, 134.23, 132.76, 129.70, 127.52, 127.26, 115.30, 107.91, 34.49, 31.70.
Chemical formula: C47H12CIN;O
Calculated exact mass: 309.0669
Observed formula by ESIMS: C47H4,CIN3;ONa

Observed exact mass: 332.0560 (calculated exact mass + *Na)

Synthesis of N-Boc-2-butoxytebanicline (11a)
The general procedure for tandem C-H fluorination/SyAr
AN OMDN, was performed with Boc-tebanicline. The fluorination
CI/EN:[O O%O)L step was performed with 4 mL of MeCN at room
temperature for 1 h. The product was purified by silica
gel chromatography eluting with 6:1 hexanes : ethyl acetate (R = 0.34) to afford 11a as
a colorless oil (39 mg, 0.11 mmol, 53% vyield).
'H NMR (600 MHz, Chloroform-d) & 7.08 (d, J = 7.7 Hz, 1H), 6.76 (d, J = 8.4 Hz, 1H),
4.46 (s, 1H), 4.32 (two overlapping peaks, 3H), 4.07 (d, J = 10.2 Hz, 1H), 3.91 — 3.80 (m,
2H), 2.32 (m, 2H), 1.77 (p, J = 6.8 Hz, 2H), 1.47 (h, J = 7.4 Hz, 2H), 1.38 (s, 9H), 0.96 (t,
J =7.3 Hz, 3H).
®C NMR (151 MHz, Chloroform-d) & 155.99, 154.43, 142.42, 138.27, 123.14, 115.49,
79.51, 69.91, 66.58, 60.31, 47.34, 30.88, 28.35, 19.22, 19.03, 13.81.
Calculated exact mass: 370.17
El Mass Spectrum: 370.2 (M*, 3% relative intensity), 70.1 ( base peak)
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Synthesis of N-Boc-2-octylaminotebanicline (11b)
AN N
LX) ey -
Z step was performed with 4 mL of MeCN at room

The general procedure for tandem C-H fluorination/SyAr
O\/D

was performed with Boc-tebanicline. The fluorination

Cl N~ "NH O

W temperature for 1 h. The product was purified by silica

gel chromatography eluting with 3:1 hexanes : ethyl acetate (R¢ = 0.49) to afford 11b as
a light yellow oil (48 mg, 0.11 mmol, 56% vyield).

'H NMR (600 MHz, Chloroform-d) & 6.75 (d, J = 7.9 Hz, 1H), 6.41 — 6.37 (d, J = 7.9 Hz,
1H), 4.53 (s, 1H), 4.24 — 4.17 (m, 1H), 4.06 — 3.99 (s, 1H), 3.93 — 3.82 (m, 2H), 3.39 (s,
2H), 2.35 (dt, J = 17.2, 9.2 Hz, 1H), 2.14 (s, 1H), 1.62 (p, J = 7.3 Hz, 2H), 1.46 — 1.22
(m, 19H), 0.86 (t, J = 6.9 Hz, 3H).

3C NMR (151 MHz, Chloroform-d) & 156.31, 150.27, 140.22, 140.01, 117.33, 109.04,
79.75, 70.02, 59.97, 47.35, 41.02, 31.80, 29.58, 29.34, 29.20, 28.34, 27.03, 22.61,
18.97, 14.05.

Chemical formula: CyH35CIN3O4

Calculated exact mass: 425.2445

Observed formula by ESIMS: C,,H37,CIN3O3

Observed exact mass: 426.2516 (calculated exact mass + 'H)
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Synthesis of N-Boc-2-imidazolyltebanicline (11c)
The general procedure for tandem C-H fluorination/SyAr
AN OMDN, was performed with Boc-tebanicline. The fluorination
CI/EN:[N/\\ O%O)L step was performed with 4 mL of MeCN at room
\Q/N temperature for 1 h. The product was purified by silica
gel chromatography eluting with 99:1 ethyl acetate : triethylamine (R¢ = 0.38) to afford
11c as a light yellow oil (28 mg, 0.077 mmol, 38% yield).
'H NMR (600 MHz, Chloroform-d) & 8.61 (s, 1H), 7.85 (s, 1H), 7.47 (d, J = 8.2 Hz, 1H),
7.23 (d, J = 8.5 Hz, 1H), 7.19 (s, 1H), 4.55 (s, 1H), 4.47 (s, 1H), 4.22 (dd, J = 10.2, 2.4
Hz, 1H), 3.92 — 3.84 (m, 1H), 3.80 (m, 1H), 2.37 — 2.28 (m, 1H), 2.21 (m, 1H), 1.39 (s,
9H).
3C NMR (151 MHz, Chloroform-d) & 156.25, 144.89, 140.49, 137.80, 136.65, 127.56,
125.02, 123.05, 118.59, 80.09, 70.30, 59.49, 47.39, 28.30, 18.93.
Chemical formula: C417H21CIN4O3
Calculated exact mass: 364.1302
Observed formula by ESIMS: C47H2,CIN4O3

Observed exact mass: 365.1374 (calculated exact mass + 'H)
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Synthesis of N-methyl-2-isopropoxyroflumilast (12a)

HF,CO T The. g(.aneral procedure for tanden.1 C-H
jQ\H/N o fluorination/SyAr  was  performed  with  N-
vﬁo ;@/ Y methylroflumilast. The fluorination step was
OC' N performed with 4 mL of MeCN at room

temperature for 1 h. The product was purified by silica gel chromatography eluting with
6:1 hexanes : ethyl acetate to afford 12a as a colorless oil (42 mg, 0.088 mmol, 44%
yield).

Note: The product exists as two amide diastereomers (~10:1) that do not interconvert on
the NMR time scale

Maijor diastereomer:

'H NMR (600 MHz, Chloroform-d) & 7.98 (s, 1H), 7.06 (s, 1H), 6.96 (m, 2H), 6.57 (t, J =
75.0 Hz, 1H), 5.23 (hept, J = 5.3, 1H), 3.78 — 3.67 (m, 2H), 3.27 (s, 3H), 1.36 — 1.30 (m,
6H), 1.22 - 1.15 (m, 1H), 0.61 (d, J = 7.5 Hz, 2H), 0.30 (d, J = 4.5 Hz, 2H).

*C NMR (151 MHz, Chloroform-d) & 169.67, 158.96, 149.54, 148.38, 144.01, 142.15 (t,
J = 3.1 Hz), 133.08, 122.46, 121.39, 120.41, 118.12, 115.82 (t, J = 260.2 Hz), 113.80,
73.86, 71.07, 34.76, 21.74, 9.93, 3.17.

Chemical formula: Cz1H2,Cl;F2N2,O4

Calculated exact mass: 474.0925

Observed formula by ESIMS: C,1H2,Cl,FoNo,O4Na

Observed exact mass: 497.0825 (calculated exact mass + *Na)
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Synthesis of N-methyl-2-octylaminoroflumilast (12b)

HF,CO - The general procedure for
e H tandem C-H fluorination/SyAr was
N AN N~~~
VAO | performed with N-
O N
Cl Z methylroflumilast. The fluorination

step was performed with 4 mL of MeCN at room temperature for 1 h. The product was
purified by silica gel chromatography eluting with 6:1 hexanes : ethyl acetate to afford
12b as a colorless oil (51 mg, 0.094 mmol, 47% yield).

Note: The product exists as two amide diastereomers (~10:1) that do not interconvert on
the NMR time scale

Maijor diastereomer:

'H NMR (600 MHz, Chloroform-d) & 7.97 (s, 1H), 7.06 (s, 1H), 7.00 (d, J = 8.3 Hz, 1H),
6.96 (d, J = 8.2 Hz, 1H), 6.58 (t, J = 75.0 Hz, 1H), 4.97 (t, J = 4.4 Hz, 1H), 3.72 (d, J =
6.9 Hz, 2H), 3.40 (m, 1H), 3.32 (m, 1H), 3.26 (s, 3H), 1.58 (m, 2H), 1.30 (m, 10H), 0.87
(t, J =6.6 Hz, 3H), 0.60 (d, J = 7.6 Hz, 2H), 0.29 (d, J = 4.4 Hz, 2H).

*C NMR (151 MHz, Chloroform-d) & 169.65, 154.08, 149.46, 146.33, 145.84, 142.14 (t,
J = 3.1 Hz), 133.13, 121.35, 120.51, 117.26, 115.86 (t, J = 260.0 Hz), 113.86, 113.79,
73.87,41.90, 34.85, 31.76, 29.36, 29.25, 29.15, 26.93, 22.59, 14.03, 9.94, 3.20.

Synthesis of ethyl 2-(tert-butoxy)-5-methyl-6-oxo0-5H-benzo[e]pyrido[3,2-
b][1,4]diazepine-11(6H)-carboxylate (13a)
o The general procedure for tandem C-H fluorination/SyAr was

N/Me performed with ethyl 5-methyl-6-oxo-5H-benzo[e]pyrido[3,2-

/@ b][1,4]diazepine-11(6H)-carboxylate. The fluorination step was
N N= performed with 4 mL of MeCN at room temperature for 2 h. The
JO/&O O’<’ product was purified by silica gel chromatography eluting with
colorless oil (32 mg, 0.087 mmol, 43% yield).

"H NMR (600 MHz, Chloroform-d) & 7.83 (d, J = 7.7 Hz, 1H), 7.50 — 7.42 (m, 3H), 7.33 —
7.29 (m, 1H), 6.61 (d, J = 8.7 Hz, 1H), 4.24 (q, J = 6.7 Hz, 2H), 3.51 (s, 3H), 1.57 (s, 9H),
1.23 (t, J = 7.0 Hz, 3H).

®C NMR (151 MHz, Chloroform-d) & 166.91, 160.03, 153.20, 144.88, 142.20, 133.75,

132.01, 131.22, 129.94, 127.48, 127.25, 126.72, 113.14, 80.65, 62.31, 36.78, 28.34,
14.34.

1:1 hexanes : ethyl acetate (R; = 0.48) to afford 13a as a
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Synthesis of ethyl 2-(tert-butylthio)-5-methyl-6-ox0-5H-benzo[e]pyrido[3,2-
b][1,4]diazepine-11(6H)-carboxylate (13b)

o The general procedure for tandem C-H fluorination/SyAr was
Me

N performed with ethyl 5-methyl-6-oxo-5H-benzo[e]pyrido[3,2-
/2/} b][1,4]diazepine-11(6H)-carboxylate. The fluorination step was
N N= performed with 4 mL of MeCN at room temperature for 2 h. The
JO/&O S'é product was purified by silica gel chromatography eluting with
2:1 hexanes : ethyl acetate (R = 0.36) to afford 13b as a
colorless oil (41 mg, 0.11 mmol, 53% yield).
'"H NMR (600 MHz, Chloroform-d) & 7.82 (d, J = 7.5 Hz, 1H), 7.49 (m, 2H), 7.42 (d, J =
8.4 Hz, 1H), 7.34 — 7.30 (m, 1H), 7.20 (d, J = 8.4 Hz, 1H), 4.29 — 4.17 (m, 2H), 3.54 (s,
3H), 1.53 (s, 9H), 1.22 (t, J = 7.1 Hz, 3H).
*C NMR (151 MHz, Chloroform-d) & 166.72, 155.13, 153.09, 147.36, 141.60, 132.35,
131.98, 131.25, 131.12, 129.58, 127.48, 126.97, 125.68, 62.47, 48.24, 36.84, 30.59,
14.31.
Chemical formula: CyoH23N303S
Calculated exact mass: 385.1460
Observed formula by ESIMS: CoH24N305S

Observed exact mass: 386.1536 (calculated exact mass + 'H)
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Synthesis of ethyl 2-(3-chlorophenoxy)-5-methyl-6-oxo0-5H-benzo[e]pyrido[3,2-
b][1,4]diazepine-11(6H)-carboxylate (13c)

o The general procedure for tandem C-H fluorination/SyAr

N/Me was performed with ethyl 5-methyl-6-ox0-5H-

/2/} benzo[e]pyrido[3,2-b][1,4]diazepine-11(6H)-carboxylate.

N N= The fluorination step was performed with 4 mL of MeCN at
JO/&O OQ room temperature for 2 h. The product was purified by

Cl silica gel chromatography eluting with 1:1 hexanes : ethyl
acetate (Ry = 0.46) to afford 13c as a colorless oil (41 mg, 0.10 mmol, 48% yield).
'H NMR (600 MHz, Chloroform-d) & 7.83 (d, J = 7.7 Hz, 1H), 7.64 (d, J = 8.7 Hz, 1H),
7.47 (s, 2H), 7.35—-7.28 (m, 2H), 7.17 (m, 2H), 7.04 (d, J = 8.1 Hz, 1H), 6.89 (d, J = 8.6
Hz, 1H), 4.27 — 4.18 (m, 2H), 3.56 (s, 3H), 1.23 (t, J = 7.0 Hz, 3H).
®C NMR (151 MHz, Chloroform-d) & 166.75, 158.46, 154.57, 152.94, 146.10, 141.61,
134.97, 134.73, 132.31, 131.30, 130.92, 130.26, 129.51, 127.56, 127.12, 124.80,
120.91, 118.69, 111.81, 62.60, 37.05, 14.33.
Chemical formula: C,H1sCIN3O4
Calculated exact mass: 423.0986
Observed formula by ESIMS: C,,HsCIN3;O4Na

Observed exact mass: 446.0878 (calculated exact mass + *Na)
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Synthesis of 2-methoxyetoricoxib (14a)

MeO,S The general procedure for tandem C-H fluorination/SyAr was
performed with etoricoxib. The fluorination step was
performed with 2 mL of MeCN at 50 °C for 2 h. The product

was purified by silica gel chromatography eluting with 1:1

Me hexanes : ethyl acetate (R; = 0.52) to afford 14a as a white
solid (43 mg, 0.11 mmol, 55% yield).
'H NMR (600 MHz, Chloroform-d) & 8.67 (d, J = 2.3 Hz, 1H), 7.84 (d, J = 8.4 Hz, 2H),
7.71 (d,J = 2.3 Hz, 1H), 7.65 (d, J = 7.4 Hz, 1H), 7.34 (d, J = 8.4 Hz, 2H), 6.81 (d, J =
7.4 Hz, 1H), 3.38 (s, 3H), 3.03 (s, 3H), 2.42 (s, 3H).
3C NMR (151 MHz, Chloroform-d) & 158.82, 157.68, 151.99, 147.76, 144.54, 140.15,
139.60, 136.94, 136.63, 130.87, 129.16, 127.19, 118.61, 116.18, 52.46, 44.43, 24.01.
Chemical formula: C4gH17CIN>O5S
Calculated exact mass: 388.0648
Observed formula by ESIMS: C19H1sCIN2O3S

Observed exact mass: 389.0725 (calculated exact mass + 'H)
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Synthesis of 2-octylaminoetoricoxib (14b)
MeO,S The general procedure for tandem C-H
fluorination/SyAr was performed with etoricoxib.
| The fluorination step was performed with 2 mL of
| A N MeCN at 50 °C for 2 h. The product was purified
Me N7 ON""""\ by silica gel chromatography eluting with 2:1
: hexanes : ethyl acetate (R¢ = 0.46) to afford 14b
as a light yellow oil (60 mg, 0.10 mmol, 51% yield).
'H NMR (600 MHz, Chloroform-d) & 8.63 (d, J = 2.4 Hz, 1H), 7.86 (d, J = 8.3 Hz, 2H),
7.76 (d, J = 2.4 Hz, 1H), 7.37 (d, J = 8.4 Hz, 2H), 6.64 (d, J = 7.5 Hz, 1H), 6.18 (br, 1H),
6.10 (d, J = 7.6 Hz, 1H), 3.47 — 3.40 (m, 2H), 3.05 (s, 3H), 2.35 (s, 3H), 1.57 (p, J=7.3
Hz, 2H), 1.31 m, 10H), 0.87 (t, J = 7.0 Hz, 3H).
*C NMR (151 MHz, Chloroform-d) & 157.67, 155.85, 154.02, 147.25, 144.10, 139.81,
139.65, 138.52, 136.30, 130.27, 130.03, 127.69, 112.98, 110.65, 44.38, 41.46, 31.78,
29.63, 29.32, 29.22, 27.11, 24.42, 22.61, 14.06.
Chemical formula: CyH32CIN;O,S
Calculated exact mass: 485.1904
Observed formula by ESIMS: C,5H33CIN3O,S

Observed exact mass: 486.1972 (calculated exact mass + 'H)
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Synthesis of 2-cyanoetoricoxib (14c)

MeO,S The general procedure for tandem C-H fluorination/SyAr was
ol performed with etoricoxib. The fluorination step was

\/ | performed with 2 mL of MeCN at 50 °C for 2 h. The product

| N N was purified by silica gel chromatography eluting with 1:1

Me N” >CN hexanes : ethyl acetate to afford 14c as a light yellow oil (31

mg, 0.081 mmol, 40% yield).

'"H NMR (500 MHz, Chloroform-d) & 8.77 (d, J = 2.3 Hz, 1H), 7.89 (d, J = 8.4 Hz, 2H),
7.84 (d, J = 2.3 Hz, 1H), 7.55 (d, J = 8.1 Hz, 1H), 7.37 (d, J = 8.4 Hz, 2H), 7.31 (d, J =
8.1 Hz, 1H), 3.07 (s, 3H), 2.61 (s, 3H).

3C NMR (151 MHz, Chloroform-d) & 160.39, 149.90, 148.61, 142.24, 140.54, 138.52,
137.86, 136.61, 136.59, 132.80, 132.49, 130.57, 127.83, 126.25, 116.27, 44.39, 24.20.
Chemical formula: C1gH14CIN;O,S

Calculated exact mass: 383.0495

Observed formula by ESIMS: C49H4CIN;O,SNa

Observed exact mass: 406.0391 (calculated exact mass + *Na)

Synthesis of 2-pyrazolyletoricoxib (14d)

MeO,S The general procedure for tandem C-H fluorination/SyAr was
ol performed with etoricoxib. The fluorination step was

f | performed with 2 mL of MeCN at 50 °C for 2 h. The product

| N N was purified by silica gel chromatography eluting with 1:2

Me “N” ;\\1/\"‘\7 hexanes : ethyl acetate to afford 14d as a white solid (41

mg, 0.10 mmol, 48% yield).
'H NMR (500 MHz, Chloroform-d) & 8.64 (d, J = 2.3 Hz, 1H), 7.73 — 7.66 (m, 4H), 7.58
(d, J=2.3Hz, 1H), 7.35 (s, 1H), 7.14 (d, J = 7.8 Hz, 1H), 7.08 (d, J = 8.4 Hz, 2H), 6.20 —
6.17 (m, 1H), 3.01 (s, 3H), 2.56 (s, 3H).
3C NMR (151 MHz, Chloroform-d) & 158.22, 153.66, 148.01, 147.67, 142.70, 141.71,
141.30, 139.58, 136.60, 135.78, 130.85, 129.52, 128.14, 127.14, 122.97, 121.51,
106.96, 44.40, 24.07.
Chemical formula: C51H17CIN4O,S
Calculated exact mass: 424.0761
Observed formula by ESIMS: C,1H5CIN4O,S

Observed exact mass: 425.0836 (calculated exact mass + 'H)
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Synthesis of 5-bromo-3-(1-(2,6-dichloro-3-fluorophenyl)ethoxy)-2-methoxypyridine
(15a)

Br The general procedure for tandem C-H fluorination/SyAr was

ol M _ performed with 3-bromo-5-(1-(2,6-dichloro-3-
e
F o S IN fluorophenyl)ethoxy)pyridine. The fluorination step was
o performed with 8 mL of MeCN at room temperature for 1 h. The
Cl ~

product was purified by silica gel chromatography eluting with
20:1 hexanes : ethyl acetate to afford 15a as a white solid (55 mg, 0.14 mmol, 70%
yield).

The product was obtained as a 7:1 mixture of regioisomeric products

Major isomer:

'"H NMR (600 MHz, Chloroform-d) & 7.74 (s, 1H), 7.28 (m, 1H), 7.05 (t, J = 8.4 Hz, 1H),
6.97 (s, 1H), 5.99 (q, J = 6.6 Hz, 1H), 3.97 (s, 3H), 1.83 (d, J = 6.7 Hz, 3H).

*C NMR (101 MHz, Chloroform-d) & 157.46 (d, J = 249.0 Hz), 154.38, 141.90, 138.43,
136.55, 131.23 (d, J = 2.2 Hz), 128.97 (d, J = 3.7 Hz), 124.20, 122.07 (d, J = 19.3 Hz),
116.65 (d, J = 23.2 Hz), 110.55, 73.94, 53.95, 18.96.

Synthesis of 5-bromo-2-(tert-butylthio)-3-(1-(2,6-dichloro-3-
fluorophenyl)ethoxy)pyridine (15b)
Br The general procedure for tandem C-H fluorination/SyAr was
erformed with 3-bromo-5-(1-(2,6-dichloro-3-
Cl Me /l P (1
F <N fluorophenyl)ethoxy)pyridine. The fluorination step was

(@)

3 performed with 8 mL of MeCN at room temperature for 1 h.
Cl #/

The S\Ar step was performed with 3 equivalents of sodium
thiolate salt. The product was purified by silica gel chromatography eluting with 20:1
hexanes : ethyl acetate to afford 15b as a colorless oil (76 mg, 0.17 mmol, 84% yield).
The product was obtained as a 7:1 mixture of regioisomeric products

Maijor isomer:

'H NMR (600 MHz, Chloroform-d) & 8.07 (d, J = 1.8 Hz, 1H), 7.29 (dd, J = 8.9, 4.8 Hz,
1H), 7.08 — 7.03 (m, 1H), 6.82 (d, J = 1.8 Hz, 1H), 5.91 (q, J = 6.7 Hz, 1H), 1.83 (d, J =
6.7 Hz, 3H), 1.59 (s, 9H).

*C NMR (151 MHz, Chloroform-d) 8 157.45 (d, J = 247.6 Hz), 150.55, 150.17, 141.31,
136.36, 129.72, 128.95 (d, J = 3.0 Hz), 122.16 (d, J = 18.1 Hz), 120.48, 116.67 (d, J =
23.3 Hz), 115.06, 73.79, 47.06, 30.50, 18.93.
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Synthesis of
yl)morpholine (15c)
Br

Cl Me /I
F N

)

4-(5-bromo-3-(1-(2,6-dichloro-3-fluorophenyl)ethoxy)pyridin-2-

The general procedure for tandem C-H fluorination/SyAr was
performed with 3-bromo-5-(1-(2,6-dichloro-3-
fluorophenyl)ethoxy)pyridine. The fluorination step was
performed with 8 mL of MeCN at room temperature for 1 h. The
S\NAr step was performed with 3 equivalents of sodium thiolate

salt. The product was purified by silica gel chromatography

eluting with 9:1 hexanes : ethyl acetate (R; = 0.38) to afford 15c as a light yellow oil (56
mg, 0.12 mmol, 62% yield).

The product was obtained as a 7:1 mixture of regioisomeric products

Major isomer:

"H NMR (600 MHz, Chloroform-d) & 7.86 (d, J = 1.9 Hz, 1H), 7.31 (dd, J = 8.9, 4.8 Hz,
1H), 7.08 (t, J = 8.4 Hz, 1H), 6.97 (d, J = 1.9 Hz, 1H), 5.98 (q, J = 6.7 Hz, 1H), 3.81 (m,
4H), 3.47 (m, 4H), 1.80 (d, J = 6.7 Hz, 3H).

3C NMR (151 MHz, Chloroform-d) & 157.47 (d, J = 249.1 Hz), 150.88, 144.81, 139.82,
136.58, 129.96, 128.86 (d, J = 3.7 Hz), 124.37, 121.96 (d, J = 19.3 Hz), 116.80 (d, J =
23.2 Hz), 110.37, 74.20, 66.90, 48.77, 18.89.
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Synthesis of 2-methylamino-6-(2-hydroxyethyl)pyridine (16)

Step 1:
DMAP (0.1 equiv)

A ProNEt (1.1 i X
| + AcO 'rI'ZHFt(t e,oequl)= @\A )Ok
N OH (1.1equiv) > L o0 min N7 0

To a 100 mL round bottom flask was added 2-pyridineethanol (560 uL, 5.0 mmol, 1.0
equiv), DMAP (61 mg, 0.50 mmol, 0.10 equiv), 'Pr,NEt (960 uL, 5.5 mmol, 1.1 equiv) and
THF (15 mL). Acetic anhydride (520 pL, 5.5 mmol, 1.1 equiv) was added over 1 minute.

The resulting pale yellow solution was stirred at room temperature for 30 minutes and

the solvent was removed in vacuo. The resulting oil was filtered through ~10 grams of
silica with 40 mL of ethyl acetate and the filtrate was concentrated to afford 2-(2-
pyridinyl)ethyl acetate as a light yellow oil (822 mg, 4.98 mmol, quantitative yield).
'H NMR (600 MHz, Chloroform-d) & 8.55 (d, J = 4.6 Hz, 1H), 7.63 (t, J = 7.2 Hz, 1H),
7.21-7.12 (m, 2H), 4.46 (t, J = 6.7 Hz, 2H), 3.12 (t, J = 5.9 Hz, 2H), 2.01 (s, 3H).
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Step 2:

N © tah LN ° 100°C, 5h N N OH
16

To an oven-dried vial was added 2-(2-pyridinyl)ethyl acetate (83 mg, 0.50 mmol, 1.0
equiv) and MeCN (5.0 mL). While the solution was stirring rapidly, AgF, (220 mg, 1.5
mmol, 3.0 equiv) was added at once. The vial was sealed with a Teflon-lined cap and
stirred at room temperature for 1 h. The reaction was filtered into a 20 mL vial through a
pipette containing ~500 mg of silica wet with Et,O. The silica was rinsed with 4-5 mL of
Et,O and the filtrate was concentrated in vacuo. The resulting crude material was
dissolved in 2 mL of DMSO and 40% aqueous MeNH; (1 mL, 12 mmol, 24 equiv) was
added. The vial was sealed with a Teflon-lined cap and stirred at 100 °C for 5 h. The
reaction mixture was diluted with saturated aqueous NH4CI (10 mL) and brine (10 mL)
and extracted with ethyl acetate (3 x 15 mL). The organic layer was washed 1 x 10 mL
brine and concentrated. The product was purified by silica gel chromatography eluting
with 3% methanol in dichloromethane to afford 16 as a light yellow oil (49 mg, 0.32
mmol, 64% yield).
NMR spectra were in accord with previously reported spectral data."’
'H NMR (600 MHz, Chloroform-d) & 7.35 (t, J = 7.7 Hz, 1H), 6.40 (d, J = 7.2 Hz, 1H),
6.26 (d, J = 8.3 Hz, 1H), 4.98 (br, 1H), 4.78 (br, 1H), 3.95 (t, J = 5.2 Hz, 2H), 2.88 (s,
3H), 2.83 (t, J = 5.2 Hz, 2H).
*C NMR (151 MHz, Chloroform-d) & 158.87, 158.52, 138.22, 111.58, 104.26, 62.00,
38.07, 28.90.
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Synthesis of PF-1247324

Step 1:
Br Br Br
X N X
| _AdFa | | MeNH, (aq) | H
N/ O\ MeCN F N/ O\ MeOH_ F N/ N\
i, 1h o rt, 90 min

To an oven-dried vial was added methyl 5-bromopicolinate (108 mg, 0.50 mmol, 1.0
equiv) and MeCN (5.0 mL). While the solution was stirring rapidly, AgF, (220 mg, 1.5
mmol, 3.0 equiv) was added at once. The vial was sealed with a Teflon-lined cap and
stirred at room temperature for 1 h. The reaction was filtered into a 20 mL vial through a
pipette containing ~500 mg of silica wet with Et,O. The silica was rinsed with 4-5 mL of
Et,O and the filtrate was concentrated in vacuo. The resulting crude material was
dissolved in 5 mL of MeOH and 40% aqueous MeNH, (220 pL, 2.5 mmol, 5.0 equiv) was
added. The vial was sealed with a Teflon-lined cap and stirred at room temperature for
90 min. The reaction mixture was diluted with brine (15 mL) and extracted with ethyl
acetate (2 x 15 mL). The organic layer was dried with MgSO, and concentrated to afford
crude 5-bromo-6-fluoro-N-methylpicolinamide as a white solid (114 mg crude mass,

about 0.49 mmol). The crude material was used directly in step 2.

Step 2:
Br X NH; (aq) Br X
| H KoCO3 | H
— N — £ 7 N
F N ~ DMSO H,oN N ~
o 80°C, 12 h o

The crude material from step 1 was dissolved in 2 mL of DMSO in a 20 mL vial. K;CO;
(140 mg, 1.0 mmol, 2.0 equiv) was added, followed by aqueous ammonium hydroxide (1
mL, 15 mmol, 30 equiv). The vial was sealed with a Teflon-lined cap and stirred at 80 °C
for 12 h. The reaction mixture was diluted with brine (15 mL) and extracted with ethyl
acetate (2 x 15 mL). The product was purified by silica gel chromatography eluting with
1:5 hexanes : ethyl acetate to afford 6-amino-5-bromo-N-methylpicolinamide as a white
solid (71 mg, 0.31 mmol, 62% yield from methyl 5-bromopicolinate).

'H NMR (600 MHz, Chloroform-d) & 7.73 (br, 2H), 7.39 (d, J = 7.8 Hz, 1H), 5.03 (br, 2H),
2.93 (d, J =4.6 Hz, 3H).

*C NMR (151 MHz, Chloroform-d) 5 164.49, 153.93, 147.18, 141.27, 113.58, 107.55,
25.95.
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Cl
Cl
Br N B(OH), KF
Pd,(dba
| — H + Cl té(u P)3 Cl N H
HoN™ N ~ — Sust P
o) cl cl THF, rt, 3 h H,N N ~

0]
PF-1247324
To an oven-dried round bottom flask was added 6-amino-5-bromo-N-methylpicolinamide

(46 mg, 0.20 mmol), KF (38 mg, 0.66 mmol, 3.3 equiv), THF (600 pL) and H,O (4 uL). A
solution of Pd,(dba)s (5.5 mg, 6.0 mol % Pd) and '‘BusP (2.4 mg, 6.0 mol %) in 200 L
THF was added, and the resulting mixture was stirred at room temperature for 2
minutes. A solution of 2,3,5-trichlorobenzeneboronic acid (50 mg, 0.22 mmol, 1.1 equiv)
in 200 uL of THF was added and the reaction was stirred at room temperature for 3 h.
The solvent was removed in vacuo and the residue was purified by silica gel
chromatography eluting with ethyl acetate to afford PF-1247324 as a white solid (55 mg,
0.17 mmol, 83% vyield).

NMR spectra were in accord with previously reported spectral data.'

'H NMR (600 MHz, Methanol-d,) & 7.68 (d, J = 2.0 Hz, 1H), 7.46 (d, J = 7.5 Hz, 1H),
741 (d, J = 7.5 Hz, 1H), 7.34 (d, J = 2.0 Hz, 1H), 2.95 (s, 3H)."*C NMR (151 MHz,
Methanol-d,) 6 167.14, 156.69, 148.96, 140.61, 140.53, 135.63, 134.39, 132.14, 131.29,
131.02, 122.51, 111.85, 26.37..
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Synthesis of Intelence (etravirine)

Step 1:
CN
H
Cl Q
K,CO
Br\(%N + _ eYYs
DMF rt, 1h
P
v " TL)\

To a 100 mL round bottom flask was added 2,4-dichloro-5- bromopyrimidine (1.14 g, 5.00
mmol, 1.00 equiv), K.COj3 (760 mg, 5.5 mmol, 1.1 equiv) and DMF (15 mL). While the
suspension was stirring rapidly, a solution of 2,6-dimethyl-4-cyanophenol in DMF (5 mL)
was added over 5 minutes. The resulting mixture was stirred at room temperature for 1
h, during which the product began to precipitate. After 1 h, 50 mL of H,O was added and
stirring was continued for 5 minutes. The white solid was collected by suction filtration,
washed with H,O (2 x 20 mL) and Et,O (1 x 20 mL) and dried under vacuum to afford 4-
((5-bromo-2-chloropyrimidin-4-yl)oxy)-3,5-dimethylbenzonitrile as a white solid (1.54 g,
4.54 mmol, 91% yield).

'H NMR (600 MHz, DMSO-dg) & 8.98 (s, 1H), 7.76 (s, 2H), 2.10 (s, 6H).

3C NMR (151 MHz, Chloroform-d) & 164.61, 161.35, 158.90, 152.51, 132.74, 132.15,
118.31, 110.50, 104.51, 16.29..
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CN
NH,
0 165 °C
+ —> |Br
25 min

To a 20 mL vial was added

CN
O %

N

ﬁ

9

CN

CN
Boc,O
DMAP
'Pr,NEt 0
“ThE CN

rt,1h
.

Boc

4-((5-bromo-2-chloropyrimidin-4-yl)oxy)-3,5-

dimethylbenzonitrile (339 mg, 1.00 mmol, 1.00 equiv) and 4-aminobenzonitrile (154 mg,

1.30 mmol, 1.3 equiv) and the solids were mixed evenly. The vial was sealed with a

Teflon-lined cap and heated at 165 °C for 15 minutes. The solids were mixed again and

heated for an additional 10 minutes at 165 °C. The resulting solid residue was triturated
with 1 M HCI (3 mL) and H,O (3 x 3 mL). THF (5 mL), 'Pr,Net (350 pL, 2.0 mmol, 2.0
equiv) and DMAP (12 mg, 0.10 mmol, 10 mol %) were added, followed by Boc,O (510

hL, 2.2 mmol, 2.2 equiv). The solution was stirred at room temperature for 1 h and the

solvent was removed in vacuo. The residue was purified by silica gel chromatography

eluting with 5:1 hexanes : ethyl acetate to afford tert-butyl (5-bromo-4-(4-cyano-2,6-

dimethylphenoxy)pyrimidin-2-yl)(4-cyanophenyl)carbamate as a white solid (460 mg,

0.88 mmol, 88% yield).

"H NMR (400 MHz, Chloroform-d) 5 8.64 (s, 1H), 7.55 (d, J = 8.4 Hz, 2H), 7.32 (s, 2H),
7.07 (d, J = 8.4 Hz, 2H), 2.03 (s, 6H), 1.32 (s, 9H).
3C NMR (151 MHz, Chloroform-d) & 164.02, 160.87, 158.49, 152.84, 151.47, 144.57,
132.64, 132.37, 132.24, 127.88, 118.16, 118.08, 110.54, 110.02, 100.80, 83.52, 27.76,

16.20..
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CN CN i) NH; (aq) CN
'PrOH
80°C
0 AgFy 0 30m|n
B ———
rt,2h rt30m|n
o F7 NP N )\

Boc L I|30c -

Etravirine (Intelence)
To an oven-dried vial was added tert-butyl (5-bromo-4-(4-cyano-2,6-

dimethylphenoxy)pyrimidin-2-yl)(4-cyanophenyl)carbamate (260 mg, 0.50 mmol, 1.0
equiv) and MeCN (10.0 mL). While the solution was stirring rapidly, AgF. (220 mg, 1.5
mmol, 3.0 equiv) was added at once. The vial was sealed with a Teflon-lined cap and
stirred at room temperature for 2 h. The reaction was filtered into a 20 mL vial through a
pipette containing ~500 mg of silica wet with Et,O. The silica was rinsed with 4-5 mL of
Et,O and the filtrate was concentrated in vacuo. The resulting crude material was
dissolved in 2.5 mL of 'PrOH and ammonium hydroxide (100 uL, 1.5 mmol, 3.0 equiv)
was added and the mixture was stirred at 80 °C for 30 minutes. The reaction was cooled
to room temperature and concentrated HCI (1.3 mL, 16 mmol, 32 equiv) was added over
2 minutes. The mixture was stirred at room temperature for 30 minutes, diluted with 20
mL of H,O and basified to pH = 8 with 10% aqueous K,CO3. The aqueous mixture was
extracted with 2 x 30 mL dichloromethane, dried with MgSO, and concentrated onto ~2
grams of silica gel. The product was purified by silica gel chromatography eluting with
2:1 hexanes : ethyl acetate (R; = 0.35) to afford etravirine as a white solid (122 mg,
0.280 mmol, 56% vyield).

NMR spectra were in accord with previously reported spectral data.™

'H NMR (500 MHz, DMSO-dg) 5 9.59 (s, 1H), 7.72 (d, J = 3.6 Hz, 2H), 7.54 (s, 2H), 7.47
—7.33 (m, 2H), 7.11 (br, 2H), 2.12 (s, 6H).

®C NMR (151 MHz, DMSO-d¢) & 163.77, 162.90, 157.04, 154.47, 145.29, 133.10,
132.89, 132.78, 119.89, 119.03, 118.52, 108.72, 102.49, 74.75, 16.13.
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Competition experiments between pyridines and diazines with AgF,

To an oven-dried vial was added MeCN (1 mL) and 0.10 mmol each (1.0 equiv. each) of
two heteroarenes. While the solution was stirring rapidly, AgF, (29mg, 0.20 mmol, 2.0
equiv) was added at once. The vial was sealed with a Teflon-lined cap, and stirred at
room temperature for 15 minutes (25% + 2% conversion). The reaction was quenched
by the addition of 100 yL of saturated aqueous NaHCOj;. PhCF; (0.033 mmol, 0.10
mmol of "F, 1.0 equiv of F) was added as an internal standard, and the reaction
mixture was analyzed by '’F NMR spectroscopy to determine the amounts and relative

ratios of products resulting from fluorination of each heteroarene.
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amount of an inseparable impurity (~5%)

o0t

et

Ferr |

o |

w0 [

66T

YT T

L6'0
S6'T

66'0

660

6T

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

10.0

f1 (ppm)

S75



96°€T T

6T

L9EE ™
10'5€

$0'60T

6EVIT

167021
o\
we7
ov”mmﬁ V
w7

80751
95'SST

P9'E9T T

-10

T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 2 10
f1 (ppm)

T
210

S76



880
68°0

60T\

@

2

)
=T

€97
mm.i

233

1LYy

EE9 ™

S€'9

wL
€L >
9L
&L=
8L
Wi
'L
Sv'L

6v'L
0S'L
18°L
9%'L

6L

M

=00€

€18
A 60T
¥ 0T

a0t

Fogo

9.5 9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

10.0

f1 (ppm)

S77



80%T

N
(4974
144
866
962 “
4313

8ETy

0LH0T
0p'60T

S£9t ™=
bp'8et

(4511

08'6ET

0L'SST
0L8sT

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

S78



19°€
[423 W.
£9°¢
98¢
L8 W-

88'¢

65'9
09'9

aT'L H/
L
8L
6€'L
'L

Sv'L
WL
'L
SL™F
85'L
65'L
€08 7>
$0'8

UL

g0 |

< 107
80T
F 80T

4

0.0

0.5

1.0

15

2.0

2.5

3.0

3.5

4.0

45

5.0

5.5

6.0

6.5

7.0

75

8.0

8.5

9.0

9.5

f1 (ppm)

S79



WS

999

wsor
aorn T

99'9¢T U

0p'8TF -

99'8¢T

LV8ET ™
p9'6ET

TTSST
90'65T

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

S80



G

0.0

0.5

1.0

15

2.0

2.5

45

5.0

T
5.5

f1 (ppm)

S81



[AAT

AN
oo~
fo 7
691~
war”

98'85T

-10

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

T
210

S82



vy
Tr'y

wr

mws—

§5'9 ™
99’9

569
%97
6L
o
Wi f
oL
5L
8L
Wl
&L

J

e

For

Fret

e

e

4.5

5.0

5.5

6.0

70

7.5

8.0

9.0

f1 (ppm)

S83



wEeT
PE6T ™
TTECN\

e

€969 T

9ETLT

T6PIT
PETCT ™
€L
i W
wezt

POLET T
SPOVT T

0T

6EPST

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

S84



<43

€7

9€'T

s
'S
'S
Sb'S
#'S
L¥'S

6v'S

€L

)

e

=560

=960

¥ 00T
£ 907
A €0

0.0

0.5

1.0

15

2.0

2.5

3.0

35

4.0

4.5

5.0

5.5

6.0

6.5

70

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S85



e~
8CeC

06297
WL

L9VIT

96'7ZT ™\

e
wi W
6€'8CT

6TLET
950vT T

LT T

€6°€ST

-10

T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 90 30 2 10
f1 (ppm)

T
210

S86



9T

90'S

Il

0.5

1.0

15

3.0 2.0

4.0

45

5.0
f1 (ppm)

T
5.5

S87



wee

[4:X: A

YLTLT

s

orsIT—

S9ECT N\

9e'LTT
wr W
LEBLT

€eLeT
YLTPT T

0L

€YST T

-10

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

T
210

S88



6r'C

s

TTS6T

Foo1
= 81T
E 960
oo

et

1.0

15

2.0

2.5

30

35

4.0

4.5

5.0

5.5

6.0

6.5

7.0

75

8.0

8.5

9.0

9.5

1.0

f1 (ppm)

S89



8T

LETL

6601

iaaNy
88021 ~=
6z€21
W\
[r8e 7
99821 “
009e1™

ETTHI N\
PUEPT ™

STePT

-10

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

T
210

S90



1971

80°L
80°L
60°L
or's

'L
8T'L /
6ULTE
wL
wL
S€'L

9L
Sv'L
6L
€L
808>

608

Br

I

7806

00T

90 [

€07

00T
A €07

8.5 8.0 7.5 7.0 65 6.0 55 5.0 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

9.5

S91



% [ VYNV YL

(0] (@]

X

~

N O Br

AN A A AT AT
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 ¢ (100 ) 90 80 70 60 50 40 30 20 10 10
1 ppm

S92



65T

[444
344

xdwa —
44
Jaxa
97\
iaya
897 4

60\
187

6L
6L —
oL

£5°L

€8 —
'8 >

Feg

Fer |

Fare

=001

0.0

0.5

1.0

15

2.0

2.5

3.0

3.5

4.0

45

5.0

5.5

6.0

6.5

7.0

75

8.0

8.5

9.0

9.5

).0

f1 (ppm)

S93



VA

0087

e

A2

€.

PTPIT
6v'8TT

0'THT

LT

N4 S

P91

[37A

60 40

200 19 180 170 160 150 140 130 120 10 100 90 80
f1 (ppm)

T
210

S94



[< A

€L

69°L
wuL
wuL
€Ll \

€LL
S8'L

9’8 -

858 ™

658

L VN

160
=680

0.0

0.5

1.0

15

2.0

2.5

3.0

3.5

4.0

45

5.0

5.5

6.0

6.5

7.0

75

8.0

85

9.0

9.5

f1 (ppm)

S95



z 8 7 0§ % 858 g 5
\ VN R RN
AN
~
N” NN
N
)
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 ¢ (100 ) 90 80 70 60 50 40 30 20 10 10
1 (ppm

S96



99
897

€L
SLL

/ ///

/

o9

e
1t
€T T

Pt

oot

o1

B 401
et

F00T T

Fg60

=860

oot f

0.0

0.5

1.0

15

2.0

2.5

3.0

35

4.0

45

5.0

5.5

6.0

6.5

70

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S97



ST6T w
68'1C

0¥'sT
05°0€ ™\~

8079

2689~
6o

6186
wsor T

6EVIT

6L T

TresT ™
198517 A

MMWWUWNMWWWMMMWWWWWWWWWWWWMWMWMWWW

-10

30

50

70

T
90

T
110

T
130

T
140

T
150

T
160

T
170

T
190

200

T
210

f1 (ppm)

S98



o o
NN
B
—

// /

[7AN ¥
YT
YT
SLT

/)

/

/S

il

o

W 08°0T

F oo

et
K g
€7

e
90T

T

i

Y01

P01
P01
wT
96'0

LS T

=0t

.5

0

1.0

15

2.0

2.5

30

35

4.0

4.5

5.0

T
5.5

6.0

6.5

7.0

75

f1 (ppm)

S99



S0'bT
8C61
197
ST
0022
1474
£€'67
85°6C

S0e *

6L1€

s

w0

0€69

Prge T
9G'€0T

aotT

GG'6ET

G6'EST
20951

30

40

70

T
90

00 19 180 170 160 150 140 130 120  1i0

T
210

f1 (ppm)

S100



e
S
i

L5% N\ - B
uy W. WWW
wy = A sor [

434

> ~ — T il
e A - = o
s m %)) I 00T |
/ N\
= I
o L
o

4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0

45

f1 (ppm)
S101

6.0 5.5 5.0

6.5

9.0 8.5 8.0 75 7.0

9.5



€U6T T
6€'ST

L0008\
1608

998y

o

6169

&8

8TLIT ™

L1

TL6ET T

09'95T — k
e
9]

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 _ 100 90
f1 (ppm)

T
210

S102



5.62

3.92
~3.88

(.

- 3.07

310 F

1.58

9.5

S103

F
o



172.58

< 172.09
2869

164.35
__ 8549

813
5460
s

o
\

z
/

C{
Z\_
@)
N

|| . | .

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

S104



80
S8'0 W
98°0
T
9T M
€T
€57
$S'T >
S§'7

.87

9r'e

[ .

wr

1€

ye

B

oo

Fauf

E g

E g1 |

w9

W 6,0

o0 |

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

9.5

S105



86°€T T

[ X4an M~

989\

6L

0z'6C

0LTE

178

Wes >

S0'vS

\

be8L =

06'%9T ™=

15591~

002

40

70

00 19 180 170 160 150 140 130 120 10 100 90
f1 (ppm)

T
210

S106



907
0t

607 fF E—
0t
17
092\
[Eidws
e’

WL — |L

O/
N 0
~
e

0
e

Fe

ot

=009
1t

T80

0.0

0.5

2.0 15 1.0

2.5

4.0 3.5 3.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 75 7.0

8.5

9.0

9.5

S107



175.53
__172.88

O/
—

164.27

159.27

88.48

54.47
54.01

_
~

__46.87

33.59

17.56

T
210

00 190 180 170

T
160

T
150

T
140

T
130

T
120

T
110

100
f1 (ppm)

S108

T
90

T

80



FRASIBYLLINRS EEEEEE 3 e
N == '
CF3
)\ iy
A
~Z -
O N O (0]
Note: The isolated product contained a trace
amount of an inseparable impurity (~5%)
U o o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

S109



ST

A2 T

WL

69'L6
L6
€LL6

SLL6

9y'L01 ™
06'TTT \_
PSETT -
WL\
YTBIT
90TZT
88'zer

6T0ET

|

A

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 %0
f1 (ppm)

T
210

S110



SET ™
9€e'T

(9
0ce
e —_

Q.MN —_—

SLE
9UL'e
e

0T's
1S
ws
€S
¥T'S
ST'S
9C'S

9

=809

9P

For |

=001

v |

45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

f1 (ppm)

6.0 5.5 5.0

6.5

7.0

75

8.0

8.5

9.0

9.5

S111



LT
&y

pE99 T
oL

9L'C6
8L'C6
08'26

4343

20817 ™\
PR6TT
99'Ter -
sreer”

LT9ST
06°9ST
€L'95T
S6'95T

€691
86b91

Al

60 40

200 19 180 10 160 150 140 130 120 10 100 90 80
f1 (ppm)

T
210

S112



60'T
o:W
7
W1 F

€1
€S

we
€€
pe'e

9%gET

05°€
e
€5°€

bS'E

997

199

0L

0L

et

e

U oz
Fere

0.0

0.5

1.0

15

2.0

2.5

3.0

3.5

4.0

45

5.0

5.5

6.0

6.5

7.0

75

8.0

8.5

9.0

9.5

f1 (ppm)

S113



167.50
__163.45
153.23
__145.56
__115.68
— 113.61

@)

-
Z\_/
o

)xc_

80.96

42.43
3941

28.54

1429
1268

20 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

S114



06'0
16'0
60
at
€17
STT
817 -_—
611
wr R —
24
871
601
0’7
[431
8’1
051
15T
[4
€57

/

223
pe'e
9€'€
LE'E e
8€'€

—
8y'€
6v'€
05°€
15°¢
S99 -
997 —
Z
— \
o =z

u ™ 0y

90t

ay
o 90

8T'e |

09

— gt

0.0

0.5

1.0

15

2.0

2.5

3.0

35

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

S115



S9TT N\
320y
8TV 4

A%V

1§60

05'6e ™
8

o'y

60°S0T
worr

SePPT T

SSYST T
SYLST T

07’891

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

S116



0Tt
7T

wl

601
0€'T

1€7

€9

wL \ _
VoL

L

0EL

L —_
£ —
WL _
&L~ —_—
9L N—
9L \

we

g —
grg”

g0

oot
0t

o0

vur |

=01

— F 960

£ 660

€07

Foor |

e |

ENC

35 3.0 25 2.0 15 1.0 0.5 0.0

9.0 85 8.0 75 7.0 65 6.0 55 50 45 40
f1 (ppm)

9.5

S117



744 3
LEYT

9oy
ey

p9'90T T

60°€TT ™~
5241 d
Op'6TT ™
ST/
98'TCT

pareetT *
S9SLT -
C9°0€ET

SBPET T

19'9%T o

€8'TST ™

(E55T ™\
89°991 — \
Pz

LT TECRRRRRIRTET A 1 IR

o bty

AN i

60

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

S118



a4

806

AV
8T'L
61'L
wL
€L
vU'L
be'L
SE'L V
Sv'LTF
'L 4
9LLN\L
mE w

08'L

LY,

Fo0e

EF 06

€07

Fopz

61

881

S119



SLETT

waer

S0'8C
woe

0818
6L99

[t

v9'SZT
90°LCT
r'LTT
€LL21 T

€U8LT ™~
€0°6CT d
08'PET ™
E8'SET
€6LET” -
ELOVT -
80°EbT

09°€5T ™
8bbsT

Cl

40

00 19 180 170 160 150 140 130 120 10 100 %0
f1 (ppm)

T
210

S120



8IS ™

61'S

Cl

JML M I

ooy |

e

=101

wﬁmz [

or'e
o1

ae

£ 907
001

0.5

1.0

15

2.5

5.0 45 40
f1 (ppm)

T
55

6.0

6.5

75

8.0

S121



woe

85€r

9560 ™
€5°0TT

€6'92T
SS'LTT
115:748
14871
18'871
8TCET ™\
TS'SET N\
LSLET™NC

9b'6ET
LS'6ET

Cl

00 19 180 170 160 150 140 130 120 10 100 9
f1 (ppm)

T
210

S122



9T'T

TS

Cl

.

|

W 688 |

Fer |

o001

Ve [

It

660 |

61
o001

0.0

0.5

1.0

15

2.0

2.5

3.0

35

4.0

45

5.0

5.5

6.0

6.5

7.0

75

8.0

8.5

9.0

9.5

f1 (ppm)

S123



&S

LIS T

80'€8

Cl

70

00 190 180 170 160 150 140 130 120 110 100 9
f1 (ppm)

T
210

S124



mr—

87T

99T

806

109

€L
ST'L
a'L
€L /

wL
€L 7
65°L ™\

WL f
€91
€91
S92

S9'L
68'L
16°L
6L
6L

Cl

006

%ww.ﬁ

=680

00T
w1

E 681

60 |

Eh60
06'0

0.0

0.5

1.0

15

2.0

2.5

3.0

35

4.0

45

5.5

6.0

6.5

70

7.5

8.0

8.5

9.0

9.5

).0

f1 (ppm)

S125



6T
X e

652

€S

T8 T

10°80T

98921
(24
66'LT1
07’821
62671 ™
7G0er T
SI'SET ™\
ST'8ET \U
€8'8ET
96'8€T W

rw ya

ool

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

S126



7.44
743
6.70
6.64
653
652

/7.
\ 742
/6.
<

vl

Note: Slow rotation about the R,N-CO,'Bu
bond results in the appearance of broad
and/or diastereomeric peaks in the *H and
13C NMR spectra corresponding to the atoms
to the left of the pyridine ring.

AL

4.26
4.25
3.54

L
424

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

L L.
i) T T T T T T )
T—‘ T '—‘ —‘T T T T T T N' T NT T T = T T T T ‘\" T—‘ T T T T
5 65 60 55 45 40 35 30 25 20 15 10 05 00

7.0

5.0
f1 (ppm)

S127



__ 16364
15710
15559

138,69

Note: Slow rotation about the R,N-CO,'Bu
bond results in the appearance of broad
and/or diastereomeric peaks in the *H and
13C NMR spectra corresponding to the atoms
to the left of the pyridine ring.

115.55

10793

79.04

65.47

49.08
36.46
— 3428
3118
__ 2834

_19.27

13.85

S Y S P Y P S P Y S Y D
210 200 190 180 170 160 150 140 130 120

T

80



55
52
49
4%
44
81
81
80
53
48

281

142

mmmmmmmmmm

~ 138

Note: Slow rotation about the R,N-CO,'Bu
bond results in the appearance of broad
and/or diastereomeric peaks in the *H and
13C NMR spectra corresponding to the atoms
to the left of the pyridine ring.

T i T T T T
T T T T T L L L S S S S R B ) EE S B |
95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 05 0.0

1 (ppm)

S129



15916
Z 15783
~_ 15562

13781

\N/\/(Nj\N
0" o ())
K

Note: Slow rotation about the R,N-CO,'Bu
bond results in the appearance of broad
and/or diastereomeric peaks in the *H and
13C NMR spectra corresponding to the atoms
to the left of the pyridine ring.

113.10

104.19

79.02

66.77

49.13

45.59

36.77
3435

__ 2838

L U S U S T T — T T T
210 200 190 180 170 160 150 140 130 120

"
100
f1 (ppm)

S130

T

90

T

80

T

70

T

60

T

50

T

40

T

30



N T

Note: Slow rotation about the R,N-CO,'Bu
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