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1. General information

'H and *C NMR spectra were recorded on Varian Inova 500, Varian Mercury Plus 400, Varian Mercury Plus 300
instruments and the chemical shifts () are expressed in parts per million relative to tetramethylsilane or residual
solvent as internal standards. Proton magnetic resonance (‘"H NMR) spectra were recorded at 500 or 400 MHz.
Carbon magnetic resonance ("C NMR) spectra were recorded at 126 or 101 MHz. Fluorine magnetic resonance
(F NMR) spectra were recorded at 376 or 282 MHz and the chemical shifts (d) are expressed in parts per million
relative to FCCl; as internal standards. NMR acquisitions were performed at 295 K unless otherwise noted.
Abbreviations are: s, singlet; d, doublet; t, triplet; q, quartet; br s, broad singlet. Melting points (mp) were
determined using a melting point apparatus with capillary method and are uncorrected. GC-MS data were recorded
on an Shimadzu GCMS-QP2010 system operating in the electron impact (EI+) mode [Method: TO = 50 °C, t = 2
min; T1 = 260 °C, ramp = 20 °C/min, then T1 = 260 °C, t = 5.5 min]. LC-MS was performed on an Agilent 1260
LC with an Agilent 6230 mass spectrometer (electrospray ionization, ESI) eluting with 0.05% trifluoroacetic acid
in H,O and 0.05% trifluoroacetic acid in CH;CN. All starting materials and solvent were purchased from Alfa
Aesar, Aldrich, Acros, TCI chemical companies or from the storehouse of Asychem Laboratories Inc. and used as

received.

2. Preparation of heteroaryl fluorosulfates in 1-1 ~ 1-21 in Table 1.

General procedure for Preparation of heteroaryl fluorosulfates 1 with TEA in DCM.

A three-neck round-bottom flask equipped with a thermometer was charged with the corresponding
hydroxyheterocycles, DCM (10 mL/g) and TEA (1.5 equiv.). The mixture was stirred at room
temperature for 10 min. The reaction flask was then sealed with a septum. The atmosphere above
the solution was removed with gentle vacuum, and SO,F, gas (sulfuryl fluoride, Vikane) from a
balloon was introduced through a three-way valve joint. For large scale reactions, depletion of the
sulfuryl fluoride from the balloon was easily observed, and more SO,F, gas was introduced with a
fresh balloon when required. The reaction mixture was vigorously stirred at room temperature for
2-24 hours, monitoring by TLC. After completion, the reaction mixture washed with saturated
sodium bicarbonate and brine, dried over Na,SOy, filtered and concentrated under reduced pressure.

The residue was purified by column chromatography on silica gel to give heteroaryl fluorosulfates 1.

| OH SO,F, TEA (1.5 equiv.) ~ |
X (balloon) DCM, RT,2h N
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Pyridin-3-yl fluorosulfate (1-1) was prepared from 1.9 g of pyridine-3-ol and isolated as a yellow oil (3.46 g,
98% yield). '"H NMR (500 MHz, CDCl3) § = 8.79 — 8.62 (m, 2H), 7.89 — 7.63 (m, 1H), 7.60 — 7.40 (m, 1H); °C
NMR (126 MHz, CDCl3) & = 149.86, 147.06, 142.62 (d, J = 0.7 Hz), 128.61, 124.81; '°’F NMR (376 MHz, CDCl;)
8 =37.99; HRMS (ESI-TOF) (m/z): [M + H]" calcd for CsHsFNO;S, 177.9974; found 177.9969.

OH ) =
/‘ + SO, F, TEA (1.5equiv.) |

Sy (balloon) DCM,RT,4h  F7 N

F
6-Fluoropyridin-3-yl fluorosulfate (1-2) was prepared from 1.13 g of 6-fluoropyridin-3-ol and isolated as a
yellow oil (1.76 g, 90% yield). '"H NMR (500 MHz, CDCl;) 8 = 8.31 (d, J = 0.6 Hz, 1H), 7.85 (ddd, J = 9.0, 6.0,
3.0 Hz, 1H), 7.11 (dd, J = 8.9, 3.5 Hz, 1H); °C NMR (126 MHz, CDCl;) § = 163.15 (d, J = 243.2 Hz), 144.69 (d, J
= 5.2 Hz), 140.71, 134.30 (d, J = 9.3 Hz), 111.52 (d, J = 40.32 Hz); "’F NMR (282 MHz, CDCl;) & = 66.23,
-179.71; HRMS (ESI-TOF) (m/z): [M + H]" calcd for 195.9880, 177.9974; found 195.9878.

0SO,F
@ oH SOLF, TEA (1.5 equiv.) 7
—_— ~
cl \N (balloon) DCM, RT, 3 h (¢]] N

6-Chloropyridin-3-yl fluorosulfate (1-3) was prepared from 1.29 g of 6-chloropyridin-3-ol and isolated as a
white solid (1.66 g, 78% yield). mp 38-40 °C. '"H NMR (500 MHz, CDCl;) § = 8.48 (d, J = 2.8 Hz, 1H), 7.79 —
7.64 (m, 1H), 7.50 (d, J = 8.8 Hz, 1H); °C NMR (126 MHz, CDCl;) § = 151.31, 146.06, 142.58, 131.63, 125.96;
F NMR (376 MHz, CDCl;) & = 38.15; HRMS (ESI-TOF) (m/z): [M + H]" caled for CsH,CIFNO;S, 211.9584;
found 211.9582.

> OH SO,F, TEA (1.5 equiv.)
- NS
~ ‘ (balloon) DCM, RT, 3 h Br N
Br N

6-Bromopyridin-3-yl fluorosulfate (1-4) was prepared from 1.74 g of 6-bromopyridin-3-ol and isolated as a
white solid (2.32 g, 91% yield). mp 51-53 °C. 'H NMR (500 MHz, CDCl3) 3 = 8.46 (d, ] = 2.6 Hz, 1H), 7.65 (d, ] =
8.7 Hz, 1H), 7.59 (dd, ] = 8.7, 2.9 Hz, 1H); C NMR (126 MHz, CDCl;) & = 159.86, 157.75, 146.37 (d, J = 4.5 Hz),
138.92 — 138.48 (m), 116.92 (d, J = 21.42 Hz); "°F NMR (282 MHz, CDCl;) & = 38.23; HRMS (ESI-TOF) (m/z):
[M + H]" caled for CsH4BrFNO;S, 255.9079; found 255.9076.

0SO,F

OH ; =
/‘ + SO, TEA (1.5 equiv.) _ ‘

NS

SN Br (balloon) DCM, RT, 2 h N™ "Br

2-Bromopyridin-3-yl fluorosulfate (1-5) was prepared from 1.74 g of 2-bromopyridin-3-ol and isolated as a
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light yellow oil (1.76 g, 68% yield). "H NMR (300 MHz, CDCls) § = 8.48 (d, J = 4.5 Hz, 1H), 7.80 (d, /= 8.1 Hz,
1H), 7.47 (dd, J = 8.1, 4.5 Hz, 1H); *C NMR (126 MHz, CDCl) § = 149.75, 144.86 (d, J = 1.2 Hz), 135.59 (d, J =
0.9 Hz), 130.72 (d, J = 1.0 Hz), 124.20; "°F NMR (282 MHz, CDCl;) § = 42.05; HRMS (ESI-TOF) (m/z): [M +
H]" caled for CsH,BrFNO;S, 255.9079; found 255.9080.

Br 0SO,F
Br OH . = 2
A sonr, TEA (15equiv) U

NS

N (balloon) DCM, RT, 2 h N

S5-Bromopyridin-3-yl fluorosulfate (1-6) was prepared from 0.73 g of 5-bromopyridin-3-ol and isolated as a
light yellow oil (0.86 g, 80% yield). '"H NMR (300 MHz, CDCl;) & = 8.78 (s, 1H), 8.64 (d, J= 1.7 Hz, 1H), 7.93 (s,
1H); C NMR (126 MHz, CDCls) & = 151.26, 146.38, 140.86, 131.68, 120.71; ""F NMR (282 MHz, CDCl3) & =
38.71; HRMS (ESI-TOF) (m/z): [M + H]" caled for CsH,BrFNO3S, 255.9079; found 255.9076.

Br OSO,F
Br OH . = 2
= | + SOF, TEA (1.5 equiv.) . - |

SN (balloon) DCM, RT, 2 h Ccl” °N

5-Bromo-6-chloropyridin-3-yl  fluorosulfate (1-7) was  prepared from 4.17 g  of
5-bromo-6-chloropyridin-3-ol and isolated as a yellow oil (4.91 g, 85% yield). '"H NMR (500 MHz, CDCl3) & =
8.46 (d, J = 2.2 Hz, 1H), 8.06 — 7.99 (m, 1H); C NMR (126 MHz, CDCl;) § = 151.07, 144.83, 140.59, 135.00,
121.06; '°’F NMR (282 MHz, CDCl5) & = 38.82; GC-MS (tg): 8.13 min; EI-MS (m/z): 289 [M]".

0SO0,F
OH

U\ + SO, TEA (1.5 equiv.) . 7\ ot
CO,Me (balloon) DCM, RT, 3 h S 2

S

2-Methoxycarbonyl-thiopen-3-yl fluorosulfate (1-18) was prepared from 3.16 g of methyl 3-hydroxythiophene-2-
carboxylate and isolated as a yellow oil (4.47 g, 98% yield). 'H NMR (500 MHz, CDCl3) 6 = 7.60 (dd, J=5.5, 1.6
Hz, 1H), 7.13 (d, J = 5.5 Hz, 1H), 3.93 (d, J = 1.6 Hz, 3H); °C NMR (126 MHz, CDCl;) § = 159.80, 145.61,
130.90 (d, J = 7.4 Hz), 122.41, 121.93 (d, J = 5.5 Hz), 52.73 (d, J = 9.5 Hz); "°F NMR (282 MHz, CDCl;) § =
39.63; HRMS (ESI-TOF) (m/z): [M + H]" caled for C¢HgFOsS,, 240.9641; found 240.9641.

F
oH 080,

N\ SO,F, TEA (15equiv.) @
. (balloon) DCM, RT, 2h S

Benzo[b]thiophen-4-yl fluorosulfate (1-19) was prepared from 1.32 g of methyl benzo[b]thiophen-4-ol and
isolated as a yellow oil (1.42 g, 70% yield). "H NMR (500 MHz, CDCl;) & = 7.88 — 7.83 (m, 1H), 7.55 (d, J = 5.6
Hz, 1H), 7.45 (d, J = 5.6 Hz, 1H), 7.39 — 7.33 (m, 2H); °C NMR (126 MHz, CDCl3) & = 144.57, 142.73, 132.13,
129.22, 124.79, 123.03, 119.00, 116.29; "’F NMR (282 MHz, CDCl;) & = 38.00; GC-MS (tg): 8.97 min; EI-MS
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(m/z): 232 [M]".

General procedure for Preparation of heteroaryl fluorosulfates 1 with DIPEA in ACN.

A three-neck round-bottom flask equipped with a thermometer was charged with the corresponding
hydroxyheterocycles, ACN (10 mL/g) and DIPEA (1.5 — 3 equiv.). The mixture was stirred at room
temperature for 10 min. The reaction flask was then sealed with a septum. The atmosphere above
the solution was removed with gentle vacuum, and SO,F, gas (sulfuryl fluoride, Vikane) from a
balloon was introduced through a three-way valve joint. For large scale reactions, depletion of the
sulfuryl fluoride from the balloon was easily observed, and more SO,F, gas was introduced with a
fresh balloon when required. The reaction mixture was vigorously stirred at room temperature for
2-24 hours, monitoring by TLC. After completion, the solvent was removed by rotary evaporation.
The residue was dissolved in EtOAc, washed with saturated sodium bicarbonate and brine, dried
over Na,SOy, filtered and concentrated under reduced pressure. The residue was purified by column

chromatography on silica gel to give heteroaryl fluorosulfates 1.

Q . SO, DIPEA (1.5 equiv.) @\
N0 (balloon) N
H

ACN, RT, 2 h N~ 0SO,F
Pyridin-2-yl fluorosulfate (1-8) was prepared from 95.1 g of Syridine-2(1H)-one and isolated as a yellow oil
(154.5 g, 87% yield). '"H NMR (500 MHz, CDCls) & = 8.42 (m, 1H), 7.93 (m, 1H), 7.42 (dd, J = 7.4, 4.9 Hz, 1H),
7.20 (d, J = 8.2 Hz, 1H); *C NMR (101 MHz, CDCl;) § = 156.24 (d, J = 1.3 Hz), 148.50, 141.39, 124.39, 114.10
(d, J=2.5 Hz); ""F NMR (376 MHz, CDCl;) & 43.93; HRMS (ESI-TOF) (m/z): [M + H]" calcd for CsHsFNO;S,
177.9974; found 177.9970.

@ . SO, DIPEA (1.5 equiv) (\/'(
(balloon) - X

N O ACN, RT, 22 h N” ~OSO,F

3-Methylpyridin-2-yl fluorosulfate (1-9) was prepared from 0.55 g of 3-methylpyridin-2(1H)-one and isolated
as a yellow oil (0.71 g, 74% yield). '"H NMR (500 MHz, CDCl3) & = 8.20 (d, J = 3.6, 1H), 7.73 (dd, J = 7.3, 0.5 Hz,
1H), 7.30 (dt, J = 9.8, 4.9 Hz, 1H), 2.36 (s, 3H); °C NMR (101 MHz, CDCl3) § = 155.29 (d, J = 1.5 Hz), 145.75,
142.28, 124.45, 124.15 (d, J = 2.3 Hz), 15.57; ’F NMR (376 MHz, CDCl;) § 45.11; HRMS (ESI-TOF) (m/z): [M
+H]" caled for C¢H,FNO;S, 192.0131; found 192.0128.

fi v SO, DIPEA (2.5 equiv) d
(balloon) N

H 9] ACN, RT, 24 h N~ "OSO,F
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4-Methylpyridin-2-yl fluorosulfate (1-10) was prepared from 1.09 g of 4-methylpyridin-2(1H)-one and
isolated as a yellow oil (1.36 g, 71% yield). "H NMR (500 MHz, CDCls) § = 8.24 (d, J= 5.1 Hz, 1H), 7.22 (dd, J =
5.0, 0.4 Hz, 1H), 7.01 (s, 1H), 2.45 (s, 3H); °C NMR (126 MHz, CDCl;) & = 156.61 (d, J = 1.3 Hz), 153.73,
147.94, 125.46, 114.44 (d, J= 2.5 Hz), 21.01; ’F NMR (377 MHz, CDCl;) & = 43.63; HRMS (ESI-TOF) (m/z): [M
+H]" calcd for C4H,FNO;S, 192.0131; found 192.0131.

X . =
\Q . SO, DIPEA (15 equiv.) \@

N““o (balloon) ACN,RT,5h N "OSO,F

S5-Methylpyridin-2-yl fluorosulfate (1-11) was prepared from 1.09 g of 5-methylpyridin-2(1H)-one and
isolated as a yellow oil (1.86 g, 98% yield). 'H NMR (500 MHz, CDCl;) § = 8.28 — 8.12 (m, 1H), 7.72 (dd, J = 8.3,
1.8 Hz, 1H), 7.10 (d, J = 8.3 Hz, 1H), 2.40 (s, 3H); °C NMR (126 MHz, CDCl;) 6 = 154.51 (d, J = 1.5 Hz), 148.45,
141.76, 134.66, 113.69 (d, J = 2.5 Hz), 17.77 (d, J = 4.3 Hz); "F NMR (376 MHz, CDCL;) & = 43.21; HRMS
(ESI-TOF) (m/z): [M + H]" calcd for C¢H,FNO;S, 192.0131; found 192.0130.

/(1 . SO, DIPEA (1.5 equiv.) ﬁ
N (o) (balloon) \N 0SO,F

N ACN,RT,5h

6-Methylpyridin-2-yl fluorosulfate (1-12) was prepared from 1.09 g of 6-methylpyridin-2(1H)-one and
isolated as a yellow oil (1.75 g, 92% yield). '"H NMR (500 MHz, CDCl3) § = 7.79 (t, J = 7.8 Hz, 1H), 7.27 (dd, J =
15.6, 4.1 Hz, 1H), 7.00 (d, J = 8.1 Hz, 1H), 2.56 (s, 3H); °C NMR (126 MHz, CDCls, & = 159.03, 155.54 (d, J =
1.2 Hz, 1H), 141.25, 123.93, 110.82 (d, J = 2.4 Hz), 23.85 (q, J = 3.2 Hz); "’F NMR (376 MHz, CDCl;) & = 43.59;
HRMS (ESI-TOF) (m/z): [M + H]" caled for C¢H,FNOsS, 192.0131; found 192.0128.

COOMe COOMe
| = + SOF, DIPEA (1.5 equiv.) = |
N"So (balloon) ACN, RT, 18 h SNT O 0S0,F

4-Methoxycarbonyl-pyridin-2-yl  fluorosulfate (1-13) was prepared from 0.39 g of
4-methoxycarbonyl-pyridin-2(1H)-one and isolated as a yellow oil (0.43 g, 72% yield). "H NMR (500 MHz, CDCls)
8=8.57 (d,J=5.0 Hz, 1H), 7.97 (dd, J = 5.0, 1.0 Hz, 1H), 7.75 (s, 1H), 4.01 (s, 3H); >C NMR (126 MHz, CDCl5)
5 =163.61, 156.84, 149.51 (d, J = 3.2 Hz), 142.99, 123.76 (d, J = 2.8 Hz), 114.12 (d, J = 8.7 Hz), 53.36 (d, J =
11.6 Hz); "F NMR (376 MHz, CDCl;) & = 44.50; HRMS (ESI-TOF) (m/z): [M + H]" calcd for C;H;FNOsS,
236.0029; found 236.0026.
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cl cl
n +  SOgF, DIPEA (1.5 equiv.) > U\
(balloon) N

H o ACN, RT,2h N~ TOSO,F

5-Chloropyridin-2-yl fluorosulfate (1-14) was prepared from 0.64 g of 5-chloropyridin-2(1H)-one and
isolated as a colorless oil (0.95 g, 90% yield). "H NMR (500 MHz, CDCls) & = 8.36 (s, 1H), 7.89 (dd, J = 8.6, 2.5
Hz, 1H), 7.18 (dd, J = 8.6, 1.1 Hz, 1H); >C NMR (126 MHz, CDCl3) & = 154.34 (d, J = 1.4 Hz, 1H), 147.33,
140.98, 132.51, 115.29 (d, J = 2.6 Hz); '’F NMR (377 MHz, CDCl;) & = 43.99; GC-MS (tg): 6.94 min; EI-MS
(m/z): 211 [M]".

m . SO, DIPEA (1.5 equiv.) ﬁ
N (balloon) N

N O ACN, RT, 24 h Br N OSO,F

6-Bromopyridin-2-yl fluorosulfate (1-15) was prepared from 1.74 g of 6-bromopyridin-2(1H)-one and
isolated as a colorless oil (2.17 g, 85% yield). 'H NMR (500 MHz, CDCl;) § = 7.84 (t, J = 7.9 Hz, 1H), 7.70 — 7.57
(m, 1H), 7.29 — 7.16 (m, 1H); >C NMR (126 MHz, CDCls) & = 154.43 (d, J = 1.3 Hz), 143.04, 139.52, 129.01,
113.04 (d, J = 2.4 Hz); '’F NMR (376 MHz, CDCl;) § = 44.22; HRMS (ESI-TOF) (m/z): [M + H]" calcd for
CsH4BrFNO;S, 255.9079; found 255.9079.

Br Br
X . 7
m . son, DIPEA (1.5 equiv.) ]
H (o} (balloon) ACN, RT, 24 h N~ ~OSO,F

4-Bromopyridin-2-yl fluorosulfate (1-16) was prepared from 0.35 g of 4-bromopyridin-2(1H)-one
and isolated as a colorless oil (0.41 g, 79% yield). '"H NMR (500 MHz, CDCl3) § = 8.26 (d, J= 5.3 Hz, 1H),
7.57 (dd, J = 5.2, 1.4 Hz, 1H), 7.44 — 7.34 (m, 1H); °C NMR (126 MHz, CDCl;) § = 156.37 (d, J= 1.4 Hz), 148.98,
136.36, 127.84, 117.71 (d, J = 2.5 Hz); ’F NMR (282 MHz, CDCl;) & = 37.99; HRMS (ESI-TOF) (m/z): [M + H]
caled for CsH4BrFNOsS, 255.9079; found 255.9079.

o) 0SO,F
. =
fj\ . s, DIPEA (3.0 equiv.) @
H cl  (balloon) ACN, RT, 24 h N~ Cl

2-Chloropyridin-4-yl fluorosulfate (1-17) was prepared from 1.04 g of 2-chloropyridin-4(1H)-one
and isolated as a colorless o0il (0.95 g, 79% yield). '"H NMR (500 MHz, CDCl3) § = 8.57 (d, J= 5.6 Hz, 1H),
7.40 (d, J= 1.3 Hz, 1H), 7.31 (dd, J = 5.5, 1.1 Hz, 1H); °C NMR (126 MHz, CDCl3) § = 157.17, 153.64, 152.10,
116.60, 114.62; "F NMR (376 MHz, CDCl;) & = 40.59; HRMS (ESI-TOF) (m/z): [M + H]" caled for
CsH4CIFNO;S, 211.9584; found 211.9583.
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= 7
M SO,F, DIPEA (3.0 equiv.) |

N
(balloon)
OH ACN,RT,3h OSOLF

Quinolin-8-yl fluorosulfate (1-20) was prepared from 2.9 g of quinolin-8-0l and isolated as a
colorless oil (4.43 g, 97% yield). '"H NMR (500 MHz, CDCl3) 8 =9.01 (d, J= 1.4 Hz, 1H), 8.19 (d, J = 8.3 Hz,
1H), 7.89 — 7.77 (m, 1H), 7.72 (d, J = 7.4 Hz, 1H), 7.60 — 7.53 (m, 1H), 7.51 — 7.48 (m, 1H); °C NMR (126 MHz,
CDCly) & = 151.87, 145.82, 140.35, 136.02, 129.98, 128.81, 125.91, 122.76, 121.33; "’F NMR (282 MHz, CDCl5)
8 =40.19; HRMS (ESI-TOF) (m/z): [M + H]" calcd for CoH,FNO;S, 228.0131; found 228.0128.

Ho ; FO,SO
m + SO,F, DIPEA (3.0 equiv.) 2 m
N (balloon) ACN, RT, 5 h N

H SO,F

1-(Fluorosulfonyl)-1H-indol-5-yl fluorosulfate (1-21) was prepared from 0.66 g of 1H-indol-5-0l
and isolated as a colorless oil (1.43 g, 97% yield). '"H NMR (500 MHz, CDCl3) § = 7.99 (d, J=9.1 Hz, 1H),
7.65 (s, 1H), 7.57 (d, J = 3.8 Hz, 1H), 7.42 (dd, J = 9.0, 1.5 Hz, 1H), 6.87 (d, J = 3.7 Hz, 1H); *C NMR (126 MHz,
CDCl3) 6 = 163.18 (d, J = 239.4 Hz), 14591 (d, J = 14.9 Hz), 139.84 (d, J = 7.9 Hz), 136.77, 134.94 (d, J = 4.6
Hz), 128.27, 128.20 (d, J = 264.6 Hz), 109.55 (d, J = 37.8 Hz); '’F NMR (282 MHz, CDCl;) & = 55.31, 36.75;
GC-MS (tr): 9.41 min; EI-MS (m/z): 297 [M]".

3. Preparation of pyridinyl triflates 8 in Figure 3.

OH oTf
X TEA (1.5 equiv.) “
U + THO _ TEASequv) |
Bre N DCM, RT, 3 h Br™ N

To a stirred solution of 0.35 g 6-bromopyridine-3-ol and TEA (1.5 equiv.) in DCM (10 mL/g), Tf,0
(1.25 equiv.) was added dropwise at the speed to keep the temperature of reaction mixture below 10
°C. The resulting mixture was then slowly warmed to room temperature and stirred for 3 h. And the
reaction was monitored by TLC. Upon completion, the mixture washed with saturated sodium
bicarbonate and brine, dried over Na,SO,, and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel to give pyridinyl triflates 8 as a white solid (0.56 g,
91% yield). mp 50-51 °C. '"H NMR (500 MHz, CDCl3) & = 8.29 (d, J = 3.0 Hz, 1H), 7.55 (m, 1H), 7.48 (dd, J=8.7,
3.0 Hz, 1H); °C NMR (126 MHz, CDCl;) & = 146.37, 143.11, 141.04, 131.74, 129.63, 118.64 (q, J = 322.6 Hz);
"F NMR (377 MHz, CDCl3) & = -73.78; GC-MS (tg): 5.96 min; EI-MS (m/z): 227 [M-Br]".

4. General procedures for Pd-catalyzed Suzuki reaction.

Method A. General Suzuki procedure associate with (aqueous) alcohol solution.

Het-OSO,F (1.0 mmol, 1.0 equiv), (hetero)arylboronic acid (1.5 mmol, 1.5 equiv), Pd-catalyst
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(1-10 mol%), base (3.0 mmol, 3.0 equiv) were successively added to a 50 mL flask equipped with a
stirring bar and a thermometer. The air in the flask was replaced by nitrogen gas by vacuum, and
then (aqueous) alcohol solution (with different ratios) (1-20mL) was injected into the flask through
a rubber plug. The reaction mixture was placed into an oil bath, heated to the corresponding
temperature and stirred for 1-24 hours as monitored by TLC or HPLC. After completion, most of
organic solvent was removed by rotary evaporation. The residue was dissolved in EtOAc, washed
with saturated brine, dried over Na,SO,, filtered and concentrated under reduced pressure. The

residue was purified by column chromatography on silica gel to afford the coupling product.

Method B. General Suzuki procedure associate with aqueous NaHCQOj; solution in 1,4-dioxane at
room temperature.

Het-OSO,F (1.0 mmol, 1.0 equiv), (hetero)arylboronic acid (1.5 mmol, 1.5 equiv), Pd(PPhj)4 (10
mol%) were successively added to a 50 mL flask equipped with a stirring bar and a thermometer.
The air in the flask was replaced by nitrogen gas by vacuum, and then 1,4-dioxane (10 mL) was
injected into the flask through a rubber plug. The reaction mixture was stirred for 10 min and then
NaHCOj; (3.0 mmol, 3 equiv) in 10 mL water was injected into the flask. The reaction mixture was
stirred at room teperature for 3-24 hours as monitored by HPLC. After completion, the mixture was
diluted with EtOAc (20mL), washed with saturated brine, dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography on silica

gel to afford the coupling product.

Method C. General Suzuki procedure associate with KF in toluene or 1,4-dioxane at refluxing
temperature.

Het-OSO,F (1.0 mmol, 1.0 equiv), arylboronic acid (1.5 mmol, 1.5 equiv), Pd(PPh3)s (10 mol%),
KF (3.0 mmol, 3.0 equiv) were successively added to a 50 mL flask equipped with a stirring bar and
a thermometer. The air in the flask was replaced by nitrogen gas by vacuum, and then toluene or
1,4-dioxane (10 mL) was injected into the flask through a rubber plug. The reaction mixture was
placed into an oil bath, heated to reflux for 3-10 hours as monitored by HPLC. After completion,
the mixture was diluted with EtOAc (20mL), washed with saturated brine, dried over Na,SOy,
filtered and concentrated under reduced pressure. The residue was purified by column

chromatography on silica gel to afford the coupled product.

S9



5. Table 1S Optimization of the Suzuki reaction of pyridin-2-yl fluorosulfate 1-8 with phenylboronic acid 2-1*

Entry | Conditions Yield
1 Pd(PPh;)4, K,CO;3, EtOH/H,0(3/1), RT, 18h (10 mol% Cat., 0.05 M) 92%
2 Pd(PPh;),Cl,, K,COs3, EtOH/H,0O(3/1), RT, 4h (10 mol% Cat., 0.05 M) 90%
3 Pd(dppf)Cl,, K,CO;, EtOH/H,0(3/1), RT, 3h (10 mol% Cat., 0.05 M) 97%
4 Pd(dppf)Cl,, K,COs, EtOH/H,0(3/1), RT, 17h (5 mol % Cat., 0.05 M) 81%
5 Pd(dppf)Cl,, K,CO3, EtOH/H,0(3/1), RT, 24h (2 mol% Cat., 0.05 M) 46%
6 Pd(OAc),, IPr.HCI, K,COs, EtOH/H,O(3/1), RT, 20h (10 mol% Cat., 0.05 | 29%
M) (50%")
7 Pd-PEPPSI-IPr, K,CO;, EtOH/H,0(3/1), 35 °C, 3 h (1 mol% Cat., 0.1 M) | 97%
Pd-PEPPSI-IPr, K,COs;, EtOH/H,0(2/1), 35 °C, 3.5 h (1% mol% Cat., 0.1 o
8 M) 87%
9 Pd-PEPPSI-IPr, K,CO;, EtOH/H,0(4/1), 35 °C, 3.5 h (1% Cat., 0.1 M) 96%
10 Pd-PEPPSI-IPr, K,CO;, EtOH, 35 °C, 3.5 h (1 mol% Cat., 0.1 M) 96%

11 Pd-PEPPSI-IPr, K,CO;, MeOH/H,0(3/1), 35 °C, 3 h (1 mol% Cat., 0.1 M) | 52%
Pd-PEPPSI-IPr, K,COs, i-PrOH/H,0(3/1), 35 °C, 3 h (1 mol% Cat., 0.1

12 M) 83%
13 Pd-PEPPSI-IPr, Na,CO3, EtOH/H,0(3/1), 35 °C, 5 h (1 mol% Cat., 0.1 M) | 91%
14 Pd-PEPPSI-IPr, Cs,CO;, EtOH/H,0(3/1), 35 °C, 3 h (1 mol% Cat., 0.1 M) | 77%
15 Pd-PEPPSI-IPr, NaOH, EtOH/H,0(3/1), 35 °C, 3 h (1 mol% Cat., 0.1 M) 56%
16 Pd-PEPPSI-IPr, K;POy;, EtOH/H,0(3/1), 35 °C, 3 h (1% Cat., 0.1 M) 90%
17 Pd-PEPPSI-IPr, TEA, EtOH/H,0(3/1), 35 °C, 6 h (1 mol% Cat., 0.1 M) 85%
18 Pd-PEPPSI-IPr, DIPEA, EtOH/H,0(3/1), 35 °C, 6 h (1 mol% Cat, 0.1 M) | 87%
19 Pd-PEPPSI-IPr,K,COs;, EtOH/H,0(3/1), 25 °C, 6 h (1 mol% Cat, 0.1 M) 83%
20 Pd-PEPPSI-IPr, K,CO;, EtOH/H,0(3/1), 30 °C, 6 h (1 mol% Cat, 0.1 M) 90%
21 Pd-PEPPSI-IPr, K,CO;, EtOH/H,0(3/1), 40 °C, 2 h (1 mol% Cat, 0.1 M) 97%
22 Pd-PEPPSI-IPr, K,CO;, EtOH/H,0(3/1), 35 °C, 5 h (1 mol% Cat, 0.25 M) | 96%
23 Pd-PEPPSI-IPr, K,CO;, EtOH/H,0(3/1), 35 °C, 5 h (1 mol% Cat, 0. 5 M) 84%
24 Pd-PEPPSI-IPr, K,CO;, EtOH/H,0(3/1), 35 °C, 5 h (1 mol% Cat, 1 M) 82%
* The best conditions for the coupling reaction were as follows: 1 mol% Pd-PEPPSI-IPr as

catalyst, K,COs (3 equiv.) as base, EtOH/H,0 (3/1) to EtOH as solvent, reaction temperature from 35
°C to 40 °C, and substrate concentration from 0.1 M to 0.25 M. ° Pd catalyst and ligand was added into

EtOH and stirred for 10 min before other substrates were added.
6. Suzuki coupling product 3-1 ~ 3-18 in Table 2.

Pd-PEPPSI-IPr (1 mol%), | N

@ . ©\ KoCOj (3 equiv.) _ 7
N B(OH)

0S0,F 2 EtOH/H,O (3/1),35°C, 3 h

2-Phenylpyridine (3-1)P! was prepared from pyridin-2-yl fluorosulfate (1-8) and pheylboronic acid
(3-1) by method 4 and isolated as a light yellow oil (151 mg, 97% yield). '"H NMR (500 MHz, CDCl;) & = 8.65 (d,
J=4.6 Hz, 1H), 8.03 — 7.91 (m, 2H), 7.67 — 7.54 (m, 2H), 7.42 (t, J = 7.5 Hz, 2H), 7.36 (t, J/ = 7.3 Hz, 1H), 7.10

S10



(ddd, J= 6.7, 4.8, 1.6 Hz, 1H).

Pd-PEPPSI-IPr (1 mol%), | N

Q \©\ K,CO3 (3 equiv.)
> N
B(OH),  EtOH/H,0 (3/1),35°C, 3 h

oso2

\

2-p-Tolylpyridine (3-2)P! was prepared from pyridin-2-yl fluorosulfate (1-8) and p-tolylboronic acid
(2-2) by method A and isolated as a light yellow oil (160 mg, 95% yield). 'H NMR (500 MHz, CDCls) & = 8.64 (d,
J=4.6 Hz, 1H), 7.88 (d, J = 8.1 Hz, 2H), 7.69 — 7.49 (m, 2H), 7.23 (d, J = 8.0 Hz, 2H), 7.17 — 6.96 (m, 1H), 2.34
(s, 3H).

\

Pd-PEPPSI-IPr (1 mol%), |
Q \@\ K,COj3 (3 equiv.) N

0502 B(OH)2  EtoH/H,0 (3/1), 35°C, 3 h OMe

2-(4-Methoxyphenyl)pyridine (3-3)*1 was prepared from pyridin-2-yl fluorosulfate (1-8) and
4-methoxyphenylboronic acid (2-3) by method A and isolated as a white solid (177 mg, 96% yield). mp
55-56 °C. "H NMR (500 MHz, CDCl;) & = 8.65 (ddd, J = 4.8, 1.7, 0.9 Hz, 1H), 8.01 — 7.92 (m, 2H), 7.68 (tdd, J =
7.9,7.4,1.4Hz, 2H), 7.16 (ddd, J=7.1, 4.8, 1.3 Hz, 1H), 7.03 — 6.95 (m, 2H), 3.85 (s, 3H).

Pd-PEPPSI-IPr (1 mol%),
Q \©\ K,COj3 (3 equiv.)
0SO,F B(OH)2  EtoH/H,0 (3/1), 35°C, 3 h

2-(4-Fluorophenyl)pyridine (3-4)*1 was prepared from pyridin-2-yl fluorosulfate (1-8) and

4-fluorophenylboronic acid (2-4) by method A and isolated as a yellow solid (165 mg, 95% yield). mp
40-42 °C. "H NMR (500 MHz, CDCl;) & = 8.64 (s, 1H), 8.06 — 7.87 (m, 2H), 7.78 — 7.55 (m, 2H), 7.22 — 7.02 (m,
3H); F NMR (377 MHz, CDCl;) & = -113.58.

Pd-PEPPSI-IPr (1 mol%),
O\ \©\ K,CO3 (3 equiv.)
oso2 B(OH),  EtOH/H,0 (3/1),35°C, 4 h

2-(4-(Trifluoromethyl)phenyl)pyridine (3-5)P! was prepared from pyridin-2-yl fluorosulfate (1-8) and

4-(trifluoromethyl)phenylboronic acid (2-5) by method A and isolated as a white solid (218 mg, 97% yield).
mp 79-81 °C. '"H NMR (500 MHz, CDCl;) & = 8.70 (d, J = 4.2 Hz, 1H), 8.08 (d, J = 8.2 Hz, 2H), 7.72 (dt, J = 13.3,
7.4 Hz, 4H), 7.32 — 7.17 (m, 1H); "’F NMR (377 MHz, CDCl;) & = -62.97.

Pd-PEPPSI-IPr (1 mol%), | =
Q \©\ K,CO3 (3 equiv.) NZ
0SO,F B(OH),  EtOH/H,0 (3/1),35°C, 6 h

CN

4-(Pyridin-2-yl)benzonitrile (3-6)P" was prepared from pyridin-2-yl fluorosulfate (1-8) and
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4-cyanophenylboronic acid (2-6) by method A and isolated as a white solid (169 mg, 94% yield). mp 94-96 °C.
'H NMR (500 MHz, CDCl;) & = 8.74 (d, J = 4.1 Hz, 1H), 8.12 (d, J = 8.4 Hz, 2H), 7.82 (td, J= 7.8, 1.7 Hz, 1H),
7.77 (d, J= 8.4 Hz, 3H), 7.36 — 7.29 (m, 1H).

Pd-PEPPSI-IPr (1 mol%), | N
Q \©\ K2CO3 (3 equiv.) N/
B(OH),

0SO,F EtOH/H,0 (3/1), 35 °C, 4 h
CHO

4-(Pyridin-2-yl)benzaldehyde (3-7)'1 was prepared from pyridin-2-yl fluorosulfate (1-8) and
4-formylphenylboronic acid (2-7) by method A and isolated as a white solid (170 mg, 94% yield). mp
45-47 °C. "H NMR (500 MHz, CDCl3) § = 10.06 (s, 1H), 8.73 (d, J = 4.7 Hz, 1H), 8.16 (d, J = 8.3 Hz, 2H), 7.97 (d,
J=8.3 Hz, 2H), 7.78 (t,J = 6.0 Hz, 2H), 7.29 (dd, /= 8.7, 4.6 Hz, 1H).

EtOOC Pd-PEPPSI-IPr (1 mol%), | ~
@ \©\ K,CO3 (3 equiv.) 7
B(OH),

0SO,F EtOH/H,0 (3/1), 35 °C, 8 h
COOEt

Ethyl 4-(pyridin-2-yl)benzoate (3-8)"*1 was prepared from pyridin-2-yl fluorosulfate (1-8) and
4-(ethoxycarbonyl)phenylboronic acid (2-8) by method A with pure ethanol as the solvent and isolated as a
pale yellow solid (209 mg, 92% yield). mp. 55-56°C. '"H NMR (500 MHz, CDCl3) & = 8.71 (dd, J = 3.5, 1.2 Hz,
1H), 8.18 — 8.11 (m, 2H), 8.06 (d, J = 8.5 Hz, 2H), 7.78 — 7.74 (m, 2H), 7.28 — 7.21 (m, 1H), 4.40 (q, J = 7.1 Hz,
2H), 1.41 (t,J= 7.1 Hz, 3H).

MeO,S Pd-PEPPSI-IPr (1 mol%), ‘ A
@\ \©\ K,CO3 (3 equiv.) N/
B(OH),

0SO,F EtOH/H,0 (3/1), 35°C, 3 h
20 (31), SO,Me

2-(4-(methylsulfonyl)phenyl)pyridine (3-9)'*) was prepared from pyridin-2-yl fluorosulfate (1-8) and
4-(methylsulfonyl)phenylboronic acid (2-9) by method A and isolated as a yellow crystal (220 mg, 94%
yield). mp 130-134°C. '"H NMR (500 MHz, CDCls) & = 8.73 (d, J = 4.4 Hz, 1H), 8.20 (d, J = 8.3 Hz, 2H), 8.04 (d,
J=28.3 Hz, 2H), 7.91 — 7.76 (m, 2H), 7.33 (t, J= 5.1 Hz, 1H), 3.10 (s, 3H).

HO
Pd-PEPPSI-IPr (1 mol%), | = OH
Q K,COj3 (3 equiv.) N
OSOz B(OH), EtOH/H,0 (3/1),35°C, 3 h

(3-(Pyridin-2-yl)phenyl)methanol (3-10)""" was prepared from pyridin-2-yl fluorosulfate (1-8) and
3-(hydroxymethyl)phenylboronic acid (2-10) by method A, purified by n-hexane and tert-butyl methyl ether
(MTBE), and isolated as a light yellow oil gummy (183 mg, 99% yield). '"H NMR (500 MHz, CDCl;) & = 8.53 (dd,
J=123,1.4Hz, 1H), 7.83 (s, 1H), 7.74 (d, J = 7.0 Hz, 1H), 7.65 — 7.58 (m, 1H), 7.58 — 7.50 (m, 1H), 7.36 — 7.22
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(m, 2H), 7.17 — 7.05 (m, 1H), 5.01 (s, 1H), 4.61 (s, 2H).

OH
Pd-PEPPSI-IPr (1 mol%) |

X | o ’
@\ . @\ K,COs (3 equiv.) _ NG OH
N

OSOyF B(OH),  EtOH/H,0 (3/1),35°C, 5 h

3-(pyridin-2-yl)phenol (3-11)'¥ was prepared from pyridin-2-yl fluorosulfate (1-8) and
3-hydroxyphenylboronic acid (2-11) by method A, purified by n-hexane and acetone, and isolated as a white
solid (125 mg, 73% yield). mp 100-102 °C. '"H NMR (500 MHz, CDCl;) & = 8.64 (dd, J = 4.9, 0.8 Hz, 1H), 7.74 (td,
J=18,1.7 Hz, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 1.7 Hz, 1H), 7.37 (d, J = 7.7 Hz, 1H), 7.31 — 7.19 (m,
2H), 6.90 — 6.81 (m, 1H).

NHAc
Pd-PEPPSI-IPr (1 mol%), | o
| N . K,CO3 (3 equiv.) N NHAGC
P >
N~ ~OSO,F B(OH)2  EtOH/H,0 (3/1),35°C, 3 h

N-(3-(pyridin-2-yl)phenyl)acetamide (3-12)'°' was prepared from pyridin-2-yl fluorosulfate (1-8) and
3-acetamidophenylboronic acid (2-12) by method A, purified by n-hexane and MTBE, and isolated as a
white solid (207 mg, 98% yield). mp 134-135 °C. '"H NMR (500 MHz, CDCl3) 3 = 8.63 (d, J = 4.3 Hz, 1H), 8.36 (s,
1H), 8.12 (s, 1H), 7.72 — 7.60 (m, 4H), 7.35 (t, /= 7.9 Hz, 1H), 7.19 (t, J= 5.5 Hz, 1H), 2.10 (s, 3H).

Pd-PEPPSI-IPr (1 mol%), |
(\/J\ K,COj3 (3 equiv.) NZ NO,

0SO,F B(OH);  EtOH/H,0 (3/1),35°C, 5 h

2-(3-nitrophenyl)pyridine (3-13) '°! was prepared from pyridin-2-yl fluorosulfate (1-8) and
3-nitrophenylboronic acid (2-13) by method A, purified by n-hexane and MTBE, and isolated as a white solid
(186 mg, 93% yield). mp 71-73 °C. '"H NMR (500 MHz, CDCl;) & = 8.87 (t, J = 1.8 Hz, 1H), 8.75 (d, J = 4.5 Hz,
1H), 8.38 (d, /= 7.8 Hz, 1H), 8.32 — 8.23 (m, 1H), 7.88 — 7.78 (m, 2H), 7.66 (t, J = 8.0 Hz, 1H), 7.34 (ddd, J = 6.7,
4.8,2.1 Hz, 1H).

X
B(OH), PdPEPPSIIPr(1 mol%), ||
oso2

EtOH/H,0 (3/1), 35 °C, 3 h
(E)-2-styrylpyridine (3-14)[11] was prepared from pyridin-2-yl fluorosulfate (1-8) and
(E)-styrylboronic acid (2-14) by method A and isolated as a yellow solid (150 mg, 83% yield). mp 91-93 °C.
'H NMR (500 MHz, CDCl;) & = 8.61 (d, J = 4.4 Hz, 1H), 7.70 — 7.61 (m, 2H), 7.59 (d, J = 7.6 Hz, 2H), 7.38 (t,J =
8.0 Hz, 3H), 7.30 (t, J=7.3 Hz, 1H), 7.21 — 7.11 (m, 2H).
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B(OH), N
Pd-PEPPSI-IPr (1 mol%), || ‘

X 3
@ . K,COs (3 equiv.) L
N” N0SO,F

EtOH/H,0 (3/1), 35°C, 3 h

2-(Naphthalen-1-yl)pyridine (3-15)"'*) was prepared from pyridin-2-yl fluorosulfate (1-8) and
naphthalen-1-ylboronic acid (2-15) by method A and isolated as a light yellow oil (188 mg, 92% yield). 'H
NMR (500 MHz, CDCl;) é = 8.82 — 8.76 (m, 1H), 8.08 (d, /= 7.9 Hz, 1H), 7.91 (d, J= 7.5 Hz, 2H), 7.82 (td, J =
7.7, 1.8 Hz, 1H), 7.57 (ddd, J=16.8, 11.8, 7.7 Hz, 3H), 7.52 — 7.42 (m, 2H), 7.37 — 7.29 (m, 1H).

Y Pd-PEPPSI-IPr (1 mol%), || =
A (HO),B | KoCO3 (3 equiv.) A0
‘ ¥ 3 > N CHO
P 0" chHo . W

N~ 0SO.F EtOH/H,0 (3/1), 35 °C, 6 h

5-(Pyridin-2-yl)furan-2-carbaldehyde (3-16)'"*) was prepared from pyridin-2-yl fluorosulfate (1-8)
and 5-formylfuran-2-ylboronic acid (2-16) by method A and isolated as a yellow solid (132 mg, 77% yield).
mp 94-96 °C. '"H NMR (500 MHz, CDCl;) § = 9.72 (s, 1H), 8.66 (d, J = 4.1 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.80
(t,J=7.8 Hz, 1H), 7.37 (d, J=3.6 Hz, 1H), 7.33 — 7.28 (m, 1H), 7.27 (d, J= 3.3 Hz, 1H).

B(OH),

N N Pd-PEPPSI-IPr (1mol%), || o
‘ ) + | D K,COg3 (3 equiv.) . N/ | AN
N~ ~OSO,F N EtOH/H,0 (3/1),35°C, 4 h =N

2,4'-Bipyridine (3-17) ''* was prepared from pyridin-2-yl fluorosulfate (1-8) and pyridin-4-ylboronic
acid (2-17) by method A using 1,4-dioxane/H,O(3/1) instead of EtOH/H,0O(3/1) at refluxing temperature and
isolated as a yellow solid (113 mg, 72% yield). mp 64-65 °C. "H NMR (500 MHz, CDCl;) & = 8.74 (ddd, J = 8.3,
4.6, 1.2 Hz, 3H), 7.90 (dd, J=4.5, 1.6 Hz, 2H), 7.87 — 7.77 (m, 2H), 7.34 (ddd, J= 6.3, 4.8, 2.3 Hz, 1H).

X
N (HO)B. Pd-PEPPSI-IPr (1 mol%), ||
N" M

N~ 0SO,F e EtOH/H,0 (3/1),35°C, 5 h z

6'-Methyl-2,3'-bipyridine (3-18)!"°! was prepared from pyridin-2-yl fluorosulfate (1-8) and
6-methylpyridin-3-ylboronic acid (2-18) by method A using 1,4-dioxane/H,O(3/1) instead of EtOH/H,O(3/1)
at refluxing temperature and isolated as a white solid (142 mg, 84% yield). mp 101-102 °C. '"H NMR (500 MHz,
CDCl3) 6 =9.07 (d, /= 1.9 Hz, 1H), 8.70 (ddd, /=4.8, 1.6, 0.9 Hz, 1H), 8.21 (dd, /= 8.1, 2.3 Hz, 1H), 7.79 - 7.73
(m, 1H), 7.73 = 7.69 (m, 1H), 7.29 — 7.20 (m, 2H), 2.62 (s, 3H).

7. Suzuki coupling product 4-1 ~ 4-11 in Table 3.
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X

Pd-PEPPSI-IPr (1 mol%), |
Ej\/ K,COj3 (3 equiv.) ‘ N/
B(OH),

OSOZ EtOH/H,0 (3/1), 35 °C, 3 h

3-Methyl-2-phenylpyridine (4-1)"'°! was prepared from 3-methylpyridin-2-yl fluorosulfate (1-9) and
phenylboronic acid (2-1) by method A with 2 mol% Pd-catalyst and isolated as a light yellow oil (113 mg, 67%
yield). '"H NMR (500 MHz, CDCl;) & = 8.53 (d, J = 4.5 Hz, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.45
(dd, /=10.9, 3.7 Hz, 2H), 7.42 — 7.35 (m, 1H), 7.18 (dd, J = 6.4, 5.0 Hz, 1H), 2.36 (s, 3H).

Pd-PEPPSI-IPr (1 mol%),
©\ K,COj3 (3 equiv.)
B(OH
0OSOF )2 EtOH/H,0 (3/1), 35°C, 3 h

4-Methyl-2-phenylpyridine (4-2)P' was prepared from 4-methylpyridin-2-yl fluorosulfate (1-10) and
phenylboronic acid (2-1) by method A and isolated as a colorless oil (162 mg, 96% yield). '"H NMR (500 MHz,
CDCl;) 6 =8.55(d, ] =4.9 Hz, 1H), 7.97 (d, ] = 7.3 Hz, 2H), 7.54 (s, 1H), 7.46 (t, J = 7.5 Hz, 2H), 7.40 (t, ] = 7.3
Hz, 1H), 7.05 (d, ] = 4.5 Hz, 1H), 2.41 (s, 3H).

Pd-PEPPSI-IPr (1 mol%),
U K,COj3 (3 equiv.)
B(OH
080, F Y2 EtOHH,0 (3/1). 35°C, 4 h

5-Methyl-2-phenylpyridine (4-3)!""! was prepared from 5-methylpyridin-2-yl fluorosulfate (1-11) and
phenylboronic acid (2-1) by method A and isolated as a light yellow oil (162 mg, 96% yield). "H NMR (500
MHz, CDCl;) 6 = 8.52 (s, 1H), 8.04 — 7.87 (m, 2H), 7.61 (d, J = 8.1 Hz, 1H), 7.53 (dd, ] = 8.1, 1.4 Hz, 1H), 7.45 (t,
J=17.5Hz, 2H), 7.38 (t, ] =7.3 Hz, 1H), 2.35 (s, 3H).

Pd-PEPPSI-IPr (1 mol%), | N
/Q ©\ K,CO3 (3 equiv.) Pz
> N
B(OH
OSO.F Y2 EtOMM,0 (31), 35°C, 3 h

6-Methyl-2-phenylpyridine (4-4)'"®) was prepared from 6-methylpyridin-2-yl fluorosulfate (1-12) and
phenylboronic acid (2-1) by method A and isolated as a light yellow oil (167 mg, 99% yield). "H NMR (500
MHz, CDCl3) 6 = 8.05 (d, J = 7.9 Hz, 2H), 7.71 (t, J = 7.6 Hz, 1H), 7.59 (d, J = 7.9 Hz, 1H), 7.54 (t, J= 7.0 Hz,
2H), 7.47 (t,J= 7.3 Hz, 1H), 7.17 (d, J= 7.5 Hz, 1H), 2.70 (s, 3H).

COOEt
COOMe

Pd-PEPPSI-IPr (1 mol%), \
| . ©\ K,COs (3 equiv.) 7
NS
N B(OH),

0SO,F EtOH/H,0 (3/1), 35 °C, 3 h

Ethyl 2-phenylisonicotinate (4-5)!'* was prepared from 4-methoxycarbonyl-pyridin-2-yl fluorosulfate (1-13)
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and phenylboronic acid (2-1) by method A and isolated as a white solid (194 mg, 86% yield). mp 42-44 °C. 'H
NMR (500 MHz, CDCls) 8 = 8.83 (d, J = 5.0 Hz, 1H), 8.29 (s, 1H), 8.05 (d, J = 7.7 Hz, 2H), 7.77 (d, J = 5.0 Hz,
1H), 7.50 (t, J=7.5 Hz, 2H), 7.44 (t,J= 7.1 Hz, 1H), 4.44 (q,J= 7.1 Hz, 2H), 1.43 (t, J= 7.1 Hz, 3H).

OSO,F Pd-PEPPSI-IPr (1 mol%), N
(j/ ©\ K,CO3 (3 equiv.) |
B(OH), Nd

EtOH/H,0 (3/1), 35°C, 4 h
3-Phenylpyridine (4-6) ''*! was prepared from pyridin-3-yl fluorosulfate (1-1) and phenylboronic acid (2-1)
by method A and isolated as a yellow oil (152 mg, 98% yield). "H NMR (500 MHz, cdcls) & = 8.86 (s, 1H), 8.60 (d,
J=4.6 Hz, 1H), 7.88 (d, /= 7.9 Hz, 1H), 7.59 (d, J = 8.3 Hz, 2H), 7.49 (t, J= 7.3 Hz, 2H), 7.41 (t, J= 6.8 Hz, 1H),
7.39 = 7.31 (m, 1H).

OSO,F Pd-PEPPSI-IPr (1 mol%), AN
/(j/ K,CO3 (3 equiv.) . |
B(OH), N

EtOH/H,0 (3/1),35°C,3h  F
2-Fluoro-5-phenylpyridine (4-7)"'") was prepared from 6-fluoropyridin-3-yl fluorosulfate (1-2) and
phenylboronic acid (2-1) by method A and isolated as a yellow oil (155 mg, 90% yield). '"H NMR (500 MHz,
CDCl;) 6 =8.41 (s, 1H), 7.95 (td, J = 8.3, 2.5 Hz, 1H), 7.52 (d, J= 7.2 Hz, 2H), 7.46 (t,J = 7.5 Hz, 2H), 7.41 (q, J
=7.7 Hz, 1H), 6.99 (dd, /= 8.4, 2.8 Hz, 1H).

X

_ Pd-PEPPSI-IPr (1 mol%), O
| + K,CO; (3 equiv.) _ N
N B(OH),

N EtOH/H,0 (3/1), 35 °C, 3 h
OSO,F O
8-Phenylquinoline (4-8)"*°! was prepared from quinolin-8-yl fluorosulfate (1-20) and phenylboronic
acid (2-1) by method A and isolated as a yellow oil (189 mg, 92% yield). 'H NMR (500 MHz, CDCl;) & = 8.92 (s,
1H), 8.12 (d, J= 8.1 Hz, 1H), 7.75 (d, /= 7.9 Hz, 1H), 7.69 (d, J = 7.0 Hz, 3H), 7.54 (t, /= 7.2 Hz, 1H), 747 (t, J
=7.0 Hz, 2H), 7.39 (t, J= 6.9 Hz, 1H), 7.36 — 7.29 (m, 1H).

Pd-PEPPSI-IPr (1 mol%),
FO.SO ©\ K,COj3 (3 equiv.) O
B(OH) \
2 EtOH/H,O (3/1), 35°C, 3 h
so2

SOZF

5-Phenyl-1H-indole-1-sulfonyl fluoride (4-9) was prepared from 1-(Fluorosulfonyl)-1H-indol-5-yl
fluorosulfate (1-21) and phenylboronic acid (2-1) by method A and isolated as a white solid (251 mg, 87%
yield). mp 98-99 °C. '"H NMR (500 MHz, CDCl3) § = 7.95 (d, J = 8.7 Hz, 1H), 7.81 (s, 1H), 7.65 (dd, J = 8.6, 1.5
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Hz, 1H), 7.61 (d, J = 7.4 Hz, 2H), 7.46 (dd, J = 13.6, 5.6 Hz, 3H), 7.38 (t, J = 7.4 Hz, 1H), 6.84 (d, J = 3.5 Hz, 1H);
3C NMR (126 MHz, CDCl;) § = 140.83, 138.59, 134.27, 131.03, 129.05, 127.59, 126.81, 126.72, 125.54, 120.47
(d, J= 6.0 Hz), 113.87, 111.37; "’F NMR (377 MHz, CDCl;) § = 53.96; GC-MS (tg): 12.04 min; EI-MS (m/z): 275
[M]".

OSO,F ©\ Pd-PEPPSI-IPr (1 mol%),
. K,CO; (3 equiv.) _
(g\ B(OH), > )

s~ “COMe EtOH/H,0 (3/1), 35°C, 6h s~ COzMe
Methyl 3-phenylthiophene-2-carboxylate (4-10) ' was prepared from 2-methoxycarbonyl-thiopen-3yl
fluorosulfate (1-18) and phenylboronic acid (2-1) by method A and isolated as a yellow solid (214 mg, 98%
yield). mp 120-122 °C. '"H NMR (500 MHz, CDCl;) & = 7.49 (d, J = 5.1 Hz, 1H), 7.48 — 7.43 (m, 2H), 7.43 — 7.34
(m, 3H), 7.08 (d, /= 5.1 Hz, 1H), 3.77 (s, 3H).

0SO,F O

Pd-PEPPSI-IPr (1 mol%),

©f\> . ©\ K,CO3 (3 equiv.) N \
B(OH), O

s EtOH/H,0 (3/1), 35 °C, 5 h S

4-Phenylbenzo[b]thiophene (4-11) was prepared from Benzo[b]thiophen-4-yl fluorosulfate (1-19) and
phenylboronic acid (2-1) by method A and isolated as a white solid (193 mg, 92% yield). mp 37-38 °C. 'H
NMR (500 MHz, CDCl3) 6 = 7.96 (d, J = 7.7 Hz, 1H), 7.73 — 7.63 (m, 2H), 7.62 — 7.52 (m, 3H), 7.47 (m, 4H).
GC-MS (tg): 11.44 min; EI-MS (m/z): 210 [M]".

8. Selective Suzuki coupled product 6-1 ~ 6-3 in Figure 3A.

Cl

cl =
\(1 Pd(PPhs),, NaHCO4 |
Sy B(OH), > N

OSO.F 4 1,4-dioxane/H,0, RT, 24 h

5-Chloro-2-phenylpyridine (6-1) **! was prepared from 5-chloropyridin-2-yl fluorosulfate (1-14) and
phenylboronic acid (2-1) by method B and isolated as a white solid (173 mg, 91% yield). mp 63-64 °C. 'H
NMR (500 MHz, CDCl;) 6 = 8.62 (d, J=2.0 Hz, 1H), 7.93 (d, J = 7.3 Hz, 2H), 7.65 (dd, J = 8.5, 2.4 Hz, 1H), 7.61
(d,J=8.4 Hz, 1H), 7.45 (t,J="7.3 Hz, 2H), 7.40 (t, /= 7.2 Hz, 1H).

OSO,F

fj\ ©\ Pd(PPh3),;, NaHCO4
N B(OH),
+

1,4-dioxane/H,0, RT, 3 h |
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2-Chloro-4-phenylpyridine (6-2) **! was prepared from 2-chloropyridin-4-yl fluorosulfate (1-17) and
phenylboronic acid (2-1) by method B and isolated as a white solid (177 mg, 93% yield). mp 69-70 °C. 'H
NMR (500 MHz, CDCl5) 6 = 8.59 (d, /= 2.4 Hz, 1H), 7.82 (dd, J = 8.3, 2.6 Hz, 1H), 7.59 — 7.50 (m, 2H), 7.47 (t,J
=7.5Hz, 2H), 7.42 (d,J= 7.2 Hz, 1H), 7.39 (dd, /= 7.9, 4.8 Hz, 1H).

0SO,F
O/ ©\ Pd(PPhy)s, NaHCO, 7
N B(OH), > S

1,4-dioxane/H,0, RT, 5 h CI” °N
2-Chloro-5-phenylpyridine (6-3) **! was prepared from 6-chloropyridin-3-yl fluorosulfate (1-3) and
phenylboronic acid (2-1) by method B and isolated as a white solid (182 mg, 96% yield). mp 53-54 °C.'H
NMR (500 MHz, CDCl5) 6 = 8.59 (d, /= 2.4 Hz, 1H), 7.82 (dd, J = 8.3, 2.6 Hz, 1H), 7.59 — 7.50 (m, 2H), 7.47 (t, J
=7.5Hz, 2H), 7.41 (t, J= 7.3 Hz, 1H), 7.39 (t, J = 5.7 Hz, 1H).

9. Selective Suzuki coupled product 7-1 ~ 7-5 in Figure 3B.

Pd(PPhg)s, |
_— > N~ YN0SO0,F
B(OH); Toluene, reflux, 6 h

7\

OSOZF

6-Phenylpyridin-2-yl fluorosulfate (7-1) was prepared from 6-bromopyridin-2-yl fluorosulfate (1-15)
and phenylboronic acid (2-1) by method C and isolated as a yellow oil (216 mg, 85% yield). '"H NMR (500
MHz, CDCl;) 6 = 8.04 (d, /= 7.3 Hz, 2H), 7.94 (t, J = 7.8 Hz, 1H), 7.82 (d, J = 7.7 Hz, 1H), 7.57 — 7.42 (m, 3H),
7.08 (d, J = 8.0 Hz, 1H); C NMR (126 MHz, CDCl;) § = 156.98, 156.15, 141.87, 136.60, 130.34, 129.08, 127.08,
119.98, 111.62; ’F NMR (377 MHz, CDCl;) & = 44.60; HRMS (ESI-TOF) (m/z): [M + H]" calcd for C;;H,FNO:S,
254.0287; found 254.0284.

Br

= | Pd(PPhg)s, KF Z
X + > ~ ‘
N7 0SO,F : N7 0SO,F

B(OH), 1,4-dioxane, reflux, 5 h

4-Phenylpyridin-2-yl fluorosulfate (7-2) was prepared from 4-bromopyridin-2-yl fluorosulfate (1-16)
and phenylboronic acid (2-1) by method C and isolated as a yellow oil (209 mg, 83% yield). '"H NMR (500
MHz, CDCl;) 6 = 8.44 (d, J = 5.2 Hz, 1H), 7.68 — 7.62 (m, 2H), 7.61 (dd, J = 5.2, 0.7 Hz, 1H), 7.53 (dt, J = 10.8,
3.9 Hz, 3H), 7.37 (s, 1H); "C NMR (101 MHz, CDCls) § = 157.27, 154.51, 148.88, 136.35, 130.37, 129.59, 127.25,
122.44, 111.78 (d, J = 2.6 Hz); "’F NMR (377 MHz, CDCl;) & = 44.03; HRMS (ESI-TOF) (m/z): [M + H]" calcd
for C1;HoFNO;S, 254.0287; found 254.0258.
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0SO,F
/@/ 2 d(PPhs)s, KF o |
x > N
Br N

B(OH), Toluene, reflux, 3 h
6-Phenylpyridin-3-yl fluorosulfate (7-3) was prepared from 6-bromopyridin-3-yl fluorosulfate (1-4)
and phenylboronic acid (2-1) by method C and isolated as a yellow oil (231 mg, 91% yield). 'H NMR (500
MHz, CDCls) 6 =8.72 (d, J = 2.8 Hz, 1H), 8.06 — 7.94 (m, 2H), 7.85 (dd, J = 8.8, 0.6 Hz, 1H), 7.76 (ddd, J = 8.8,
2.8, 0.7 Hz, 1H), 7.57 — 7.40 (m, 3H); C NMR (126 MHz, CDCl;) & = 157.82, 146.05, 142.23, 137.49, 129.93,
129.31, 129.01, 127.17, 121.43; ""F NMR (377 MHz, CDCl;) § = 37.86; HRMS (ESI-TOF) (m/z): [M + H]" calcd
for C;HoFNOsS, 254.0287; found 254.0296.

0SO,F OSO,F
O pemee ()
~ - ~
- N
NT Br B(OH), Toluene, reflux, 6 h

2-Phenylpyridin-3-yl fluorosulfate (7-4) was prepared from 2-bromopyridin-3-yl fluorosulfate (1-5)
and phenylboronic acid (2-1) by method C and isolated as a yellow oil (218 mg, 86% yield). '"H NMR (500
MHz, CDCl;) 6 = 8.75 (d, J = 4.6 Hz, 1H), 7.87 — 7.74 (m, 3H), 7.58 — 7.44 (m, 3H), 7.39 (dd, J = 8.3, 4.6 Hz, 1H);
BC NMR (101 MHz, CDCl;) & = 151.97, 149.73, 144.86, 135.08, 130.11, 129.92, 129.10, 128.81, 123.63; "°F
NMR (377 MHz, CDCl;) § = 40.73; HRMS (ESI-TOF) (m/z): [M + H]" calcd for C;;HoFNOsS, 254.0287; found
254.0296.

Br 0SO,F
) ? PAPPRIKE A~ -OSOF
N |
N B(OH)

2 14 dioxane, reflux, 10 h SN
5-Phenylpyridin-3-yl fluorosulfate (7-5) was prepared from 5-bromopyridin-3-yl fluorosulfate (1-6)
and phenylboronic acid (2-1) by method C and isolated as a yellow oil (209 mg, 82% yield). '"H NMR (500
MHz, CDCl;) 6 = 8.91 (s, 1H), 8.65 (s, 1H), 7.87 (s, 1H), 7.59 (d, J = 7.8 Hz, 2H), 7.53 (t, J = 7.4 Hz, 2H), 7.50 —
7.44 (m, 1H); "C NMR (101 MHz, CDCl3) & = 148.30, 147.35, 140.81, 138.88, 135.45, 129.52, 129.36, 127.40,
126.82; YF NMR (377 MHz, CDCl;) & = 38.23; HRMS (ESI-TOF) (m/z): [M + H]" caled for C;;HsFNO;S,
254.0287; found 254.0299.

10. Suzuki coupled product 9 and 10 in Figure 3C.
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~OTf @\ Pd(PPh“
+
5 /(Nj/ B(OH), Toluene, reflux, 6 h
r
38%

6-Phenylpyridin-3-yl triflate (9) and 2,5-diphenylpyridine (10) was prepared from 6-bromopyridin-3-yl
fluorosulfate (8) and phenylboronic acid (2-1) by method C and isolated as a white solid (161 mg, 52%
yield) and a white solid (87 mg, 38% yield).

6-Phenylpyridin-3-yl triflate (9):**' mp 94-95 °C.'"H NMR (500 MHz, CDCl3) 6 = 8.64 (d, J = 2.7 Hz, 1H),
7.97 (d, J = 6.9 Hz, 2H), 7.79 (d, J = 8.8 Hz, 1H), 7.66 (dd, J = 8.8, 2.8 Hz, 1H), 7.53 — 7.41 (m, 3H); "’F NMR
(377 MHz, CDCl) & = -72.96.

2,5-Diphenylpyridine (10):*) mp 165-167 °C. "H NMR (400 MHz, CDCl;) & = 8.94 (s, 1H), 8.05 (d, J = 7.8
Hz, 2H), 7.95 (d, J = 8.2 Hz, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.64 (d, J=7.7 Hz, 2H), 7.50 (t, J = 7.3 Hz, 4H), 7.42
(dd, J=13.7, 6.6 Hz, 2H).

11. Preparation of tri-substituted pyridine 13 in Figure 4A.

Bra_~~_0SO,F 2 _~_OSOF o2
| — |
oSy PA(PPhs) KF, S Pd(PPhs), NaHCOs,

Cl N .

17 Toluene, reflux, 6h " 1,4-dioxane/H,0,r.t, 3h
91% (1 mmol)
91% (10 mmol)

O O 2-5 O - O
Z E—— \

| Pd-PEPPSI-IPr, K,CO; SN
N EtOH/H,0, reflux, 1h
FsC
12 13
91% (1 mmol)
93% (6 mmol)

98% (1 mmol)
100% (4 mmol)

6-Chloro-5-phenylpyridin-3-yl fluorosulfate (11) was prepared from 5-bromo-6-chloropyridin-3-yl
fluorosulfate (1-7) and phenylboronic acid (2-1) by method C and isolated as a yellow oil (263 mg, 91%
yield; 10 mmol-scale: 2.60 g, 91%). "H NMR (400 MHz, CDCl3) § = 8.46 (d, J = 2.7 Hz, 1H), 7.71 (d, J = 2.7 Hz,
1H), 7.57 — 7.36 (m, 5H); *C NMR (101 MHz, CDCl;) & = 149.34, 145.89, 140.61, 138.93, 135.48, 132.03, 129.31,
129.18, 128.71; "F NMR (282 MHz, CDCl;) & = 38.37; HRMS (ESI-TOF) (m/z): [M + H]" caled for
C11HsCIFNO;S, 287.9897; found 287.9880.

2-Chloro-3-phenyl-5-p-tolylpyridine (12) was prepared from 6-chloro-5-phenylpyridin-3-yl
fluorosulfate (11) and p-tolylboronic acid (2-2) by method B and isolated as a white solid (254 mg, 91%
yield; 6 mmol-scale: 1.55 g, 93%). mp 100-101 °C. 'H NMR (500 MHz, CDCl;) & = 8.59 (d, J = 2.4 Hz, 1H),
7.84 (d, J = 2.4 Hz, 1H), 7.53 — 7.41 (m, 7H), 7.29 (d, J = 7.9 Hz, 2H), 2.41 (s, 3H); *C NMR (101 MHz, CDCl;) &
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= 147.86, 146.04, 138.32, 137.55, 137.27, 136.41, 135.60, 133.07, 129.76, 129.16, 128.19, 126.67, 21.03; HRMS
(ESI-TOF) (m/z): [M + H]" calcd for C;sH;sCIN, 280.0893; found 280.0879.

3-Phenyl-5-p-tolyl-2-(4-(trifluoromethyl)phenyl)pyridine (13) was prepared from
2-Chloro-3-phenyl-5-p-tolylpyridine (12) and 4-(trifluoromethyl)phenylboronic acid (2-5) by method
A and isolated as a white solid (382 mg, 98% yield, 4 mmol-scale: 1.56 g, 100%). mp 54-55 °C. 'H NMR (400
MHz, CDCl;) § = 8.92 (s, 1H), 7.89 (s, 1H), 7.56 — 7.45 (m, 6H), 7.27 (m, 5H), 7.20 (d, J = 2.8 Hz, 2H); °C NMR
(101 MHz, CDCl;) & = 153.88, 146.78, 143.56, 139.41, 138.43, 136.76, 136.28, 135.61, 134.15, 130.30, 129.97,
129.58, 128.66, 127.71, 127.00, 125.61, 124.88, 124.84, 122.91, 21.20; '°’F NMR (377 MHz, CDCls) & = -63.07;
HRMS (ESI-TOF) (m/z): [M + H]" caled for CasH oF3N, 390.1470; found 390.1460.

12. Preparation of tri-substituted pyridine 16 in Figure 4B.

2-18

Br 0SO,F  2-10 0SO,F

—_—
Pd(PPh3)4 NaHCO3,
o’ N PA(PPha)s KF,  OH ANy (PPha)s, s

Toluene, reflux, 6h 14 1,4-dioxane/H,0,reflux, 3h

_N _ =
\ Pd-PEPPSI-IPr, K,COs4

Cl N EtOH/H,0, reflux, 1h
15 OHC 16
90% 91%

6-Chloro-5-(3-(hydroxymethyl)phenyl)pyridin-3-yl  fluorosulfate  (14) was prepared from
5-bromo-6-chloropyridin-3-yl fluorosulfate (1-7) and 3-(hydroxymethyl)phenylboronic acid (2-10) by
method C with 1.05 equiv. 2-10 and isolated as a light yellow solid (282 mg, 89% yield). mp 54-55 °C. '"H NMR
(500 MHz, CDCls) 6 = 8.46 (d, J = 2.7 Hz, 1H), 7.71 (d, J = 2.8 Hz, 1H), 7.49 (dd, J = 13.9, 7.5 Hz, 3H), 7.44 —
7.36 (m, 1H), 4.79 (s, 2H), 2.14 (s, 1H); C NMR (101 MHz, CDCl;) 5 = 149.08, 145.79, 141.68, 140.48, 138.78,
135.43, 132.11, 128.70, 128.10, 127.60, 127.37, 64.24; '’F NMR (282 MHz, CDCl3) 6 = 38.52; HRMS (ESI-TOF)
(m/z): [M + H]" calcd for C,H,,cIFNO,S, 318.0003; found 317.9986.

(3-(6-Chloro-6"-methyl-3,3'-bipyridin-5-yl)phenyl)methanol (15) was prepared from
6-chloro-5-(3-(hydroxymethyl)phenyl)pyridin-3-yl fluorosulfate (14) and
6-methylpyridin-3-ylboronic acid (2-18) by method B at refluxing temperature and isolated as a white solid
(279 mg, 90% yield). mp124-127 °C. 'H NMR (500 MHz, CD;0D) & = 8.75 (d, J = 2.0 Hz, 1H), 8.65 (d, J=2.5
Hz, 1H), 8.07 (dd, J= 7.3, 2.4 Hz, 2H), 7.52 (s, 1H), 7.50 — 7.40 (m, 4H), 4.69 (s, 2H), 2.59 (s, 3H); °C NMR (101
MHz, CD;0OD) 6 = 159.58, 147.57, 147.19, 143.28, 139.56, 138.70, 138.46, 137.20, 134.18 , 131.05, 129.52,
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129.34, 128.90, 128.14, 125.39, 64.88, 23.53; HRMS (ESI-TOF) (m/z): [M + H]" calcd for C3H;4CIN,0, 311.0951;
found 311.0936.

5-(5-(3-(Hydroxymethyl)phenyl)-6'"-methyl-3,3'"-bipyridin-6-yl)furan-2-carbaldehyde (16) was
prepared from (3-(6-chloro-6'-methyl-3,3"-bipyridin-5-yl)phenyl)methanol (15) and
5-formylfuran-2-ylboronic acid (2-16) by method A and isolated as a white solid (338 mg, 91% yield).
mp151-152 °C."H NMR (500 MHz, CDCl;) & = 9.54 (s, 1H), 8.92 (d, J = 2.2 Hz, 1H), 8.77 (d, J = 2.0 Hz, 1H),
7.85 (dt, J=4.3,2.3 Hz, 2H), 7.52 — 7.42 (m, 3H), 7.30 (d, J = 8.0 Hz, OH), 7.23 (d, /= 7.3 Hz, OH), 7.15 (d, J =
3.7 Hz, 1H), 6.56 (d, J = 3.6 Hz, 1H), 4.78 (s, 2H), 2.83 (s, 1H), 2.63 (s, 3H); °C NMR (101 MHz, CDCl;) & =
178.23, 158.80, 157.08, 152.33, 147.14, 146.72, 144.47, 142.05, 138.49, 136.89, 136.66, 134.80, 132.85, 129.49,
128.79, 127.85, 127.72, 127.08, 123.72, 121.05, 114.22, 64.66, 24.17; HRMS (ESI-TOF) (m/z): [M + H]" calcd for
CxH19N,03, 371.1396; found 371.1379.

13. Preparation of Etoricoxib in Scheme 2B.

Q
i\
" L r
\
OH DIPEA, ACN 0SO,F Pd(PPh3)4 KF, =
RT,15h 1,4-dioxane, reflux, 8 h N19 OSOF
90% 63%
?
418 (‘85\
—_———
Ch
Pd(PPhs),, NaHCOs, |
1,4-dioxane/H,0, 80°C, 8 h N | N

Etiricoxib
71%

3-Bromo-5-chloropyridin-2-yl fluorosulfate (18) was prepared from 0.76 g 3-bromo-5-chloropyridin-2-ol by
General procedure for Preparation of heteroaryl fluorosulfates 1 with DIPEA in ACN and isolated as a white solid
(0.95 g, 90% yield). mp 29-30 °C. 'H NMR (400 MHz, CDCl;) & = 8.29 (d, J = 2.3 Hz, 1H), 8.10 (d, J = 2.3 Hz,
H); ®C NMR (101 MHz, CDCL;) & = 151.36, 145.42, 143.69, 132.52, 110.26 (d, J = 3.3 Hz); '’F NMR (377 MHz,
CDCl;) & = 46.62; GC-MS (tg): 8.30 min; EI-MS (m/z): 289 [M]".
S-chloro-3-(4-(methylsulfonyl)phenyl)pyridin-2-yl  fluorosulfate ~ (19) was  prepared from 290 mg
3-Bromo-5-chloropyridin-2-yl fluorosulfate (18) and 4-(methylsulfonyl)phenylboronic acid (2-9) by
method C with 1.5 equiv. 2-9 and 5 equiv. KF, and isolated as a white solid (230 mg, 63% yield). mp141-143 °C.
'H NMR (400 MHz, CDCl;) & = 8.40 (d, J = 2.3 Hz, 1H), 8.10 (d, J = 8.3 Hz, 2H), 7.94 (d, J= 2.3 Hz, 1H), 7.70 (d,
J = 8.3 Hz, 2H), 3.14 (s, 3H); °C NMR (101 MHz, CDCls) § = 151.05, 146.59, 141.58, 141.16, 137.70, 132.64,
130.10, 128.26, 127.47 (d, J = 2.3 Hz), 44.52; ’F NMR (377 MHz, CDCls) & = 46.93; HRMS (ESI-TOF) (m/z2):
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[M + H]" caled for C1,H(CIFNOsS,, 365.9673; found 365.9667.
5-chloro-6'-methyl-3-(4-(methylsulfonyl)phenyl)-2,3'-bipyridine'*® (Etoricoxib) was prepared from 183
mg 5-chloro-3-(4-(methylsulfonyl)phenyl)pyridin-2-yl fluorosulfate (19) and 6-methylpyridin-3-ylboronic acid
(2-18) by method B with 1.5 equiv. 2-18 at 80 °C and isolated as a white solid (127 mg, 71% yield). mp132-134
°C."H NMR (400 MHz, CDCls) § = 8.72 (d, J = 2.2 Hz, 1H), 8.39 (s, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.74 (d, J=2.2
Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.3 Hz, 2H), 7.10 (d, J = 8.1 Hz, 1H), 3.09 (s, 3H), 2.55 (s, 3H);
HRMS (ESI-TOF) (m/z): [M + H]" caled for CigH;4CIN,0,S, 359.0621; found 359.0622.
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14. Copies of 'H, >C NMR and '’F NMR Spectra for the compounds 1 ~ 19 and Etoricoxib.

Compound 1-1. Pyridin-3-yl fluorosulfate
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"F NMR(376MHz CDC1) 5 = 37.99.
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Compound 1-3. 6-Chloropyridin-3-yl fluorosulfate

o= NS @ ©
25 FER 28
B e
' = I |

'H NMR(500MHz CDC1) 8 =8.48(d, J=2.8 Hz 1H), 7.79— 7.64 (m, 1H), 7.50(d, /= 8.8 Hz 1H).
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HC NMR(126MHz CDC1) § = 15131, 14606, 14258, 13163, 12596.
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38.15

"“F NMR(376MHz CDC1) § = 38.15.
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Compound 1-4. 6-Bromopyridin-3-yl fluorosulfate
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H NMR(500MHz CDC1) 8 =846 (d,J = 2.6 Hz, 1H), 7.65(d, J = 8.7 Hz, 1H), 7.59(dd, J = 8.7, 2.9 Hz, 1H).
fj/OSOZF
S
Br” °N
|
z B
s -
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)

S29



138. 62
138.61
138.58
138.58

<l’lb

— 159. 86
~157.75

“c NMR(126MHz CDC1) § = 15986, 15775, 14637(d,J = 4.5 Hz), 13892~ 13848 (m), 11692(d, J =21.42H2).
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Compound 1-5. 2-Bromopyridin-3-yl fluorosulfate
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'"H NMR(G00MHz CDCl) 8 =8.48(d,/=4.5 Hz, 1H), 7.80(d, /= 8.1 Hz, 1H), 747(dd, J=8.1,45 Hz, TH).
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“c NMR(126MHz CDC1) § = 14975, 14486(d,J = 1.2 H2), 13559(d, J = 0.9 H), 13072(d, J = 1.0 Hz), 12420.
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Compound 1-6. 5-Bromopyridin-3-yl fluorosulfate
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Compound 1-7. 5-Bromo-6-chloropyridin-3-yl fluorosulfate
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"H NMR(500MHz, CDC1) & = 8.46(d, / = 2.2 Hz, 1H), 8.06— 7.99 (m, 1H).
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Compound 1-18. 2-Methoxycarbonyl-thiopen-3-yl fluorosulfate
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“c NMR(126MHz CDC1) § = 15980, 14561, 13090(d, J = 7.4 Hz), 12241, 12193(d, J=5.5H2), 5273(d,J = 9.5 H2).
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Compound 1-19. Benzo[b]thiophen-4-yl fluorosulfate
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Compound 1-8. Pyridin-2-yl fluorosulfate
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Compound 1-9. 3-Methylpyridin-2-yl fluorosulfate
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'H NMR(500MHz CDC1) 3 =8.20(d, /= 3.6 Hz 1H), 7.73(dd, J= 7.3 Hz 0.5, 1H), 7.30(dt, /= 9.8 Hz 4.9, 1H), 2.36 (s, 3H).

N
S ) S
T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 10 3.5 3.0 2 2.0 15 1.0 0.5 0.0 0.5
£1 (ppm)

o 0 ©
S <& ®© = o~

2 N 2E23 [y
Jrgr] B oo S :
1213 %3 S I
=2 == [ -
Y [ N

L‘C NMR(101MHz CDC1) 8 = 15529(d, /= 1.5 H2), 14575, 14228, 12445, 12415(d,J=2.3 H2), 1557 .
I
X
N~ 0S0,F
i
T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
f1 (ppm)

5S40



0.00

"F NMR(376MHz CDC1) 5 =45.11
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Compound 1-10. 4-Methylpyridin-2-yl fluorosulfate
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‘H NMR(500MHz CDC1) 8 =8.24(d,J=5.1 Hz 1H), 7.22(dd, J=5.0, 0.4 Hz 1H), 7.01 (s, 1H), 2.45(s, 3H).
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“c NMR(126MHz CDC1) § = 15661 (d,J = 1.3 Hz), 15373, 14794, 12546, 11444 (d, J=2.5H2),21.01.
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Compound 1-11. 5-Methylpyridin-2-yl fluorosulfate
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Compound 1-12. 6-Methylpyridin-2-yl fluorosulfate
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"C NMR(126MHz CDCY & = 15903, 15554 (d,J = 1.2 Hz, 1H), 14125, 12393, 11082(d, J =24 H2), 2385(q, /=32 H2).
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Compound 1-13. 4-Methoxycarbonyl-pyridin-2-yl fluorosulfate
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'H NMR(500MHz CDC1) 8 =8.57(d,J = 5.0 Hz 1H), 7.97(dd, /= 5.0, 1.0 Hz 1H), 7.75 (s, 1H), 4.01 (s, 3H).
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Compound 1-14. 5-Chloropyridin-2-yl fluorosulfate
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]H NMR(500MHz CDC1) 8 =8.36(s, 1H), 7.89(dd, J=8.6,2.5 Hz 1H), 7.18(dd, J=8.6, 1.1 Hz,
1H).
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"c NMR(126MHz CDC1) § = 15434 (d, J = 1.4 Hz 1H), 14733, 14098, 13251,11529(d, J = 2.6 H2).
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f1 (ppm)
P
3 =
: S
o 3
< =
N .
F NMR(377MHz CDCI) § =43.99.
0SO,F
|
T T T T T T T T T T T T T T T T T T T
30 20 10 0 -10 -20 -30 40 -50 60 =70 -80 -90 -100 -110 -120 -130 -140 ~15

1 (ppm)
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Compound 1-15. 6-Bromopyridin-2-yl fluorosulfate

£32 233388 95— - g
e e H NMR(500MHz CDC1) 8 =7.84(t,J =79 Hz, 1H), 7.70— 7.57 (m, 1H), 7.29— 7.16 (m, 1H). =
e
ULJ ‘
o
gL T
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
<o = oo
TR = RS —co
: > S28
Sa o oo .
g2g g e e
== 9 == sEe
I I v ~N-
”C NMR(126MHz CDC1) § = 15443 (d, J= 1.3 H2), 14304, 13952, 12901, 11304 (d, /=24 H2).
@A
Br” N7 N0SO,F
! 1
I
T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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44.22

0SO,F

-0.00

T T T
90 85 80 75 70 65

'H NMR(500MHz CDC1) 8 =8.26(d,J=5.3 Hz, 1H), 7.57(dd, /= 5.2, 1.4 Hz 1H), 7.44— 7.34(m, 1H).

Br

N\

N
N~ 0S0,F

-0.00

35

-40
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so » © = ae
58 8 8 % 88
<SS o © = e
g5 % 2 8 =z
Yo Y

"¢ NMR(126MHz CDC1) § = 15637(d, J = 1.4 H), 14898, 13636, 12784, 11771(d,J =25 H2).

T T
220 210 200 190 180 170 160 150 140 130 120 110 100

S51

230 90 80 70 60 50 40 30 20 10 -10
£1 (ppm)
>
E °
. 8
o .
E S
o
F NMR(282MHz CDC1) § =37.99.
Br
=
0SO,F
A
L B s B B e B L s B B s e e e T T T T T T T T
70 60 50 10 30 20 10 0 10 20 30 40 50 60 70 80 90 110 130 150 170 190 210 230 251 270
£1 (ppm)



Compound 1-17. 2-Chloropyridin-4-yl fluorosulfate

o0t~ co——oo =
@5 SSmmm® S
o6 o8 e S o
v e ,
H NMR(500MHz CDC1) § =8.57(d,J=5.6 Hz 1H), 740(d,J= 1.3 Hz 1H), 7.31(dd, J=5.5, 1.1 Hz 1H).
OSO,F
=
X
N™ ~Cl
[
|
l L
— S~
T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 15 1.0 3.5 3.0 2.5 2.0 0.5 0.0 0.5
£1 (ppm)
—©o
IR
NS
S
S
”C NMR(126MHz CDC1) 6 = 15717, 15364, 15210, 11660, 11462
0SO,F
=
X
N™ ~Cl
|
|
| ]
|
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
230 220 210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
1 (ppm)
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40.59

"F NMR(376MHz CDC1) = 4059,

-0.00

35

-10

T T T T T
80 75 70 65 60 55 50 15 40 35 30 25 20
£1 (ppm)

T
90

Compound 1-20. Quinolin-8-yl fluorosulfate

57
56

DR MM =D 3w
1510 (3 16 1o

—— S ooy wm >
So R = 0000 D = 16 16 BT
oo B e e e e e e e e e i

'H NMR(500MHz CDCI) 8 =901 (d, /= 1.4 Hz, 1H), 8.19(d, J = 83 Hz, 1H), 7.89— 7.77(m, 1H),
7.72(d,J = 7.4 Hz, 1H), 7.60— 7.53 (m, 1H), 7.51— 7.48 (m, 1H).

-0.00

g
-
N
0SO,F
I
I
|
|
T Ty,
z L 2Ly
1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)
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—151.87
— 145.82
— 140. 35
— 136. 02

77.41
77.16

76.91

L
\

“c NMR(126MHz CDC1) § = 151.87, 14582, 14035, 13602, 12998, 12881, 12591, 12276, 121.33.

T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 2 10 10
f1 (ppm)
@
= =
. S
S .
= =
19 N
F NMR(282MHz CDCl) § =40.19.
=
X
N
0SO,F
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -0 20 30 40 50 60 70 80 90  -100 -110
f1 (ppm)
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Compound 1-21. /-(Fluorosulfonyl)-1H-indol-5-yl fluorosulfate

Swemome oo
SREIS] 85
PR
VNNV

'H NMR(500MHz CDCl) 8 =7.99(d, /= 9.1 Hz, 1H), 7.65(s, 1H), 7.57(d,/ = 3.8 Hz, 1H), 742(dd, /= 9.0, 1.5 Hz 1H), 687(d,/ =3.7 Hz 1H).

0. 00

SO,F
I
A N
L 2rr I
g =88 =
T T T T T T : T T T T T T T T T T T T T T
1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
1 (ppm)
o o g so
=q RS es o
o : ! . 323
<o S e =g -
zd 3 285 zg e
= o c2 SEE
A\ [ % ~
"C NMR(126MHz CDC1) 8 = 16318(d, J = 2394 Hz), 14591 (d, J = 149 Hz), 13984 (d,J = 7.9 H2),
13677, 13494 (d, J=4.6 H2), 12827, 12820(d, J =2646 H2), 10955 (d, J=37.8 H2).
co B o ein Sso
52 8% & 8512 es
g2 49 2 3885 gg FO,80 A
NN % N
50,F
I
I | I
I ! ’
L A ‘ I
T T T T T
160 150 140 130 120 110
£1 (ppm)
1
I I
1
|
L l‘ l
T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

1 (ppm)
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55.31
36.75
0.00

"F NMR(282MHz CDC) 8 = 5531, 36.75.

FO,S0
\>
N

T T T
160 150 140 130 120 110 100 90 80 70

T T T T T T T T T T
60 50 40 30 20 10 0 -10 -20 30 40 <50 60 70 -80 90  -100 -110

Compound 8. 6-Bromopyridin-3-yl triflate

8.30
8.29
7.54
7.48

"H NMR(500MHz CDC) 6 = 8.29(d, J = 3.0 Hz, 1H), 7.55 (m, 1H), 7.48(dd, / = 8.7, 3.0 Hz, 1H).

—7.26

Vo=

OoTf
Ly

Br
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5 T "C NMR(126MHz CDC1) 5 = 14637, 14311, 14104, 13174, 12963, 11864 (q, J = 3226 Hz).
< —g
I I
oTf
Ly
Br” °N
[
! |
| I
T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)
o
o &
3 X
9 o3
S &
"F NMR(377MHz CDC1) 6 = 7378,
oTf
Ly
Br
T T T T T T T T T T T T T T T T T T T
30 20 10 0 -10 -20 -30 -10 -50 60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170
1 (ppm)
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Compound 3-1. 2-Phenylpyridine

wms cos sm—coze <
225 ETs ¥m=2232 s
S S e e L S
N e
lH NMR(500MHz CDC1) 8 =8.65(d,J=4.6 Hz 1H), 8.03— 7.91 (m, 2H), 7.67 - 7.54 (m, 2H), 7.42
(t,J=7.5Hz2H), 7.36(t,J =7.3 Hz 1H), 7.10(ddd, J = 6.7, 4.8, 1.6 Hz 1H).
S
L
N
7.36
n L
Z PANMANUISN
g S 34k
— o~ R
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0 -0.5
f1 (ppm)
Compound 3-2. 2-p-Tolylpyridine
<
22 2n monoozzzs - g
38 3% B3I0=3BBE 3 .
o6 o6 B N N T
v NN e !
'"H NMR(500MHz CDC1) 8 = 8.64(d, J = 4.6 Hz, 1H), 7.88(d, J = 8.1 Hz, 2H), 7.69 7.49 (m, 2H),
7.23(d.J=8.0Hz 2H), 7.17- 6.96 (m, 1H), 2.34(s, 3H).
S
P
N
I
£
o3
6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
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Compound 3-3. 2-(4-Methoxyphenyl)pyridine

o <
2 s
o3 S
'H NMR(500MHz CDC1) 8 =8.65(ddd, J=4.8,1.7,0.9 Hz 1H), 8.01— 7.92(m, 2H), 7.68 (tdd, J =
79,74, 1.4 Hz, 2H), 716 (ddd, J=7.1, 438, 1.3 Hz, 1H), 7.03— 6.95 (m, 2H), 3.85(s, 3H).
S
P
N
OMe
A (ddd)
8.65
5
I I
|
| h
Z 3z i 1
£ £ 3 &3 I
- IS — i o3
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
Compound 3-4. 2-(4-Fluorophenyl)pyridine
~ WO LD —~ O~ HN —~ — =4
3 zgsmggnesacs g
e B GIGL LG S
NS
'"H NMR(500MHz CDC1) § = 8.64(s, 1H), 8.06— 7.87 (m, 2H), 7.78 — 7.55 (m, 2H), 7.22— 7.02 (m, 3H).
‘ X
_
N
.
|
AL
PR
g R
- N o3
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0 0.5
1 (ppm)
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0.00
-113.58

"F NMR(377MHz CDC1) 6 = 11358

X
P
N
.
50 40 30 20 10 0 -10 -20 -30 -40 =50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150
1 (ppm)
Compound 3-5. 2-(4-(Trifluoromethyl)phenyl)pyridine
ez smce zos <
28 3528 883 s
6 6 R S N S
VAN
| i
H NMR(500MHz CDC1) 6 =8.70(d, J=4.2 Hz, 1H), 8.08(d, /=82 Hz 2H), 7.72(dt, J = 133, 7.4 Hz 4H), 7.32~ 7.17 (m, 1H).
‘ X
_
N
CF3
|
I
It I
z TRl
g % d 4
- o < -
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
1 (ppm)
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0.00
-62.97

"F NMR(377MHz CDC1) § = 6297.

‘ X
P
CFsy
|
I N
G‘D 1‘0 K‘O 2‘0 1‘0 ‘0 *‘10 *‘20 *‘?0 *‘10 . *‘5)0 *‘60 *‘70 71?0 7130 -100 *1‘10 *1‘20 *1‘30 *1“10 *1‘50
f1 (ppm)
Compound 3-6. 4-(Pyridin-2-yl)benzonitrile
v 7

'H NMR(500MHz cdcF) 8 =8.74(d,J=4.1 Hz 1H), 8.12(d, /= 8.4 Hz 2H), 7.82(td, /= 7.8, 1.7 Hz, 1H),
7.77(d,J=8.4Hz 3H), 7.36— 7.29 (m, 1H).

CN
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Compound 3-7. 4-(Pyridin-2-yl)benzaldehyde

g MmN o oo SoR® =
: PR SEgE 2838 g
=1 BB Wos e e =
VoON T
"H NMR(500MHz CDC1) 8 = 1006 (s, 1H), 8.73 (d,J = 4.7 Hz, 1H), 8.16(d, J = 8.3 Hz 2H), 7.97(d,
J=83Hz2H), 7.78(t,J = 6.0 Hz 2H), 7.29(dd, /= 8.7, 4.6 Hz, 1H).
X
L
N
CHO
JL U
Z A R A
s s sof b
— S —~ o S
115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 1.0 0.5 0.0 -0.
1 (ppm)
Compound 3-8. Ethy!l 4-(pyridin-2-yl)benzoate
GemcciE W mmemes voae . <
NERRISE £ 858553 SEEF: BEE 8
0006 00 00 06 00 86 b= b= b b= b= b b= R — S
N e <
‘H NMR(500MHz CDC1) 8 =8.71(dd,J=3.5, 1.2 Hz 1H), 8.18—8.11(m, 2H), 8.06(d, /=85 Hz
2H), 7.78— 7.74(m, 2H), 7.28— 7.21 (m, 1H), 4.40(q,J = 7.1 Hz 2H), 1.41 (t, /= 7.1 Hz 3H).
X
L
N
COOEt
|
\
l JL |
g &% 2 L £
— ol o~ = o~ o3
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0. 0.0 0.
f1 (ppm)
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Compound 3-9. 2-(4-(methylsulfonyl)phenyl)pyridine

T2 o8s gosny ) g
= —O O Wr-Mmm,m -
Bod Bl e o3 T
VoSN N I

'H NMR(500MHz, CDCl) § =8.73(d,J = 4.4 Hz, 1H), 8.20(d, J = 8.3 Hz 2H), 8.04(d, /= 8.3 Hz 2H),
7.91-7.76(m, 2H), 7.33(t,J = 5.1 Hz 1H), 3.10(s, 3H).

‘ X
P2
N
SO,Me
\4. A S N S
&
o3
T T T T T T T T T T T T T T T T
105 10.0 9.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

1 (ppm)

=3
LLMD NNOL RO~ NN—— D —- = S
DRG0 OG0 0NN > © e
06000000 =< b S b b e e e e e e e w < T

"H NMR(500MHz CDCl) § =8.53(dd, /=23, 1.4 Hz, 1H), 7.83 (s, 1H), 7.74(d,/ = 7.0 Hz, 1H), 7.65
~7.58(m. 1H), 7.58— 7.50(m, 1H), 736~ 7.22(m, 2H), 7.17— 7.05(m, 1H), 5.01 (s, 1H), 4.61 (s, 2H).

‘\ OH

T SERLTT A
S 8388 = =
- B S 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
1.5 1.0 105 100 95 90 &5 80 75 7.0 65 6.0 55 50 4.5 0 35 30 25 20 L5 Lo 05 00 -0
1 (ppm)
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Compound 3-11. 3-(pyridin-2-yl)phenol (5-11)

LT YT NOLT TN EOOW0D0 8
BEIIT IYRIIISILBLS :
BbBb NN SSSSSS T
S e
"H NMR(500MHz CDC1) 8 = 8.64(dd, J = 4.9, 0.8 Hz, 1H), 7.74(td, J= 7.8, 1.7 Hz 1H), 7.61(d, J =
8.0Hz 1H), 7.52(d,J = 1.7Hz 1H), 7.37(d, J = 7.7 Hz, 1H), 7.31— 7.19 (m, 2H), 6.90— 6.81 (m, 1H).
‘ X
= OH
N
U .
Z £LLTE T
g EHY LR
- Soooa S
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5. 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
£1 (ppm)
Compound 3-12. N-(3-(pyridin-2-yl)phenyl)acetamide
MmN © o ¥ LN~ 0 = =4
28 8 2 83 5835822 B s
BB 6 @ L GG o =
S N
"H NMR(500MHz CDCI) = 8.63 (d, J =43 Hz, 1H), 8365, 1H), 8125, 1H), 7.72— 7.60 (m, 4H),
7.35(t,J=79Hz 1H), 7.19(t,J = 5.5 Hz, 1H), 2.10(s, 3H).
‘ X
pZ NHA
N C
L |
A A
T
5
o
6.5 6.0 5.5 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
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Compound 3-13. 2-(3-nitrophenyl)pyridine

"H NMR(500MHz CDCl) § =8.87(t, /= 1.8 Hz, 1H), 8.75(d, /=45 Hz, 1H), 838 (d, /= 7.8 Hz,
1H), 8.32— 8.23 (m, 1H), 7.88— 7.78 (m, 2H), 7.66 (1, J = 8.0 Hz, 1H), 7.34(ddd, /= 6.7, 48,2.1 Hz,

1H).

NO,

\

-0.00

S8 o3
—c ——
10.5 10.0 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
£1 (ppm)
Compound 3-14. (E)-2-styrylpyridine
—O 0 NN PVOLOBOROIWIL T 8
2% £ ¥EE3BESESTemEc .
L B S e e e e e el el e S S S S S o T
VO | ar————
'H NMR(500MHz CDC1) 8 =8.61(d,J=4.4 Hz 1H), 7.70— 7.61 (m, 2H), 7.59(d, J = 7.6 Hz 2H),
7.38(t,J = 8.0 Hz 3H), 7.30(t, J = 7.3 Hz, 1H), 7.21— 7.11(m, 2H).
X
A~
N
n\ A l. )
: £3 EE
— SIS EECR RN
11.5 1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 Lo 0.5 0.0 0.5
£1 (ppm)
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Compound 3-15. 2-(Naphthalen-1-yl)pyridine

o
coo DWW O DDV OO M = D000 TN ID D S
% D = SS X ORDBBEBVRLBFIFFFMOmAN =
6 o6 06 Lol e e e e e e e e e e e e e e T
N | e

'H NMR(500MHz CDCl) 8 = 8.82— 8.76 (m, 1H), 8.08(d, /= 7.9 Hz, 1H), 791 (d,J = 7.5 Hz, 2H), 7.82 td,
J=17.7,18Hz, 1H), 7.57(ddd, J = 168, 118, 7.7 Hz 3H), 7.52— 7.42 (m, 2H), 737~ 7.29 (m, 1H).

¢
N .
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
Compound 3-16. 5-(Pyridin-2-yl)furan-2-carbaldehyde
o L mose nemsssans <
] 58 3382 585888858 s
o L I e e e e e e e e e S S S
Vs N
IH NMR(500MHz CDC1) 8 =9.72(s, 1H), 8.66(d, /= 4.1 Hz, 1H), 7.94(d, J = 8.0 Hz 1H), 7.80(t,J
=7.8 Hz, 1H), 7.37(d,J = 3.6 Hz, 1H), 7.33~ 7.28(m, 1H), 7.27(d, J = 3.3 Hz, 1H).
|
|
l J .l | I S
g £ 1 £Is
g g 2% gi3
T T T T T S :
115 1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 L5 Lo 0.5 0.0 0.5
£1 (ppm)
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Compound 3-17. 2,4'-Bipyridine

'H NMR(500MHz CDC1) 6 =8.74(ddd, J =83, 46, 1.2 Hz, 3H), 790(dd, J =45, 1.6 Hz 2H), 7.87
~7.77(m, 2H), 734(ddd, J = 6.3, 48, 2.3 Hz, 1H).

=0.00

‘ X
p
N ‘ ~
N
3 S8 3
o o~ —
T T T T T T T T T T T T T
10.5 100 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 L5 10 0.0
1 (ppm)

BEOD NN—HOTF— OO
SOEDT ANNAN~ ANNNANQ
S o3 0000 0000 00 00 b= = b= b b b= b b= b

' NMR(500MHz CDC1) § =9.07(d, J = 1.9 Hz, 1H), 8.70(ddd, J = 4.8, 1.6, 0.9 Hz 1H), 8.21(dd, J
=8.1,23Hz, 1H), 7.79— 7.73 (m, 1H), 7.73— 7.69 (m, 1H), 7.29— 7.20 (m, 2H), 2.62 (s, 3H).

—2.62

0.00

0.5

X
=
N ‘ =
P>
N
|
i
1l
|
. b L
2 2 I £ px
s 3 s oo S N
= A P | o o
T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 L5 1.0 0.0
£1 (ppm)

S67



Compound 4-1. 3-Methyl-2-phenylpyridine

rlor) D= D OO0 0 — O O 90 b= 1O © > 00 00 b=
ey 516 10 16 (0 F < < < o T 0 00 00 T Ot
%6 6 e e e e e e e e e e e e e e e
Y el

2.36

'H NMR(500MHz CDCI) 3 =8.53(d, /= 4.5 Hz, 1H), 7.58(d, J = 7.6 Hz, 1H), 7.55— 7.48 (m, 2H),
7.45(dd, J =109, 3.7 Hz, 2H), 742~ 7.35(m, 1H), 7.18(dd, J = 6.4, 5.0 Hz, 1H), 236(s, 3H).

=0.00

X
L
N
|
|
h i N |
|
A
¢ g% & E)
— —_eied - = o
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
£1 (ppm)
Compound 4-2. 4-Methyl-2-phenylpyridine
<
pr e meewms - g
8% =5 3939838 = .
R N N ?
VN
.
H NMR(500MHz CDC1) 8 =8.55(d, J = 4.9 Hz, 1H), 7.97(d, J = 7.3 Hz, 2H), 7.54(s, 1H), 746 (t, J
=7.5Hz 2H), 740(t, J = 7.3 Hz, 1H), 7.05(d, J = 4.5 Hz, 1H), 241 (s, 3H).
X
_
N
J |
1
z L gIs L L
g & ziz 3 £
— o~ —_i— = o3
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5. 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
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Compound 4-3. 5-Methyl-2-phenylpyridine

-
3 g
o S
!
‘II NMR(500MHz CDC1) § =8.52(s, 1H), 8.04— 7.87 (m, 2H), 7.61 (d, /= 8.1 Hz 1H), 7.53(dd,J =
8.1, 1.4 Hz, 1H), 7.45(t,J=7.5Hz 2H), 7.38(t,J = 7.3 Hz 1H), 2.35(s, 3H).
S
|
N
|
U i
T STy pA
g L stz %
— IS RS o
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 5 0.5 0.0 -0.5
1 (ppm)
Compound 4-4. 6-Methyl-2-phenylpyridine
o= spzmes - -
g3 gagnas e 5
R e e e o S
(NN !
"H NMR(500MHz CDCI) § = 8.05(d, J = 7.9 Hz, 2H), 7.71 (t, /= 7.6 Hz, 1H), 7.59(d, J = 7.9 Hz,
1H), 7.54(t, J = 7.0 Hz, 2H), 747 (t,J = 7.3 Hz, 1H), 7.17(d, J = 7.5 Hz, 1H), 2.70(s, 3H).
X
L
N
|
. L B . 1
E)
o3
10.5 10.0 9.5 9.0 8.5 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 5 0.5 0.0 0.5
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Compound 4-5. Ethyl 2-phenylisonicotinate

©y @ ox = oo e
28 &3 & 28 SRR
B S 6 = e S
v [ ~Ne

'H NMR(500MHz CDCY) 6 =8.83(d,/ = 5.0 Hz, 1H), 829(s, 1H), 8.05(d, /=7.7 Hz 2H), 7.77(d, J = 5.0 Hz, 1H), 7.50(t, /= 7.5 Hz,
2H), 7.44(t,J = 7.1 Hz, 1H), 444 (q,J = 7.1 Hz 2H), 1.43(t,J = 7.1 Hz 3H).

1.44
1.43
1.42

N~

-0.00

COOEt
X
L
N
1
|
R U N
¢ I3idy £ B}
— e I R o )
11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 0.5 0.0 0.5
£1 (ppm)
Compound 4-6. 3-Phenylpyridine
2 22 @5 smeznooczsss
£ 88 35 3882TISEEEY
o6 006 N L LLLGLLL
I R
"H NMR(500MHz cdcF) & = 8.86(s, 1H), 8.60(d, J = 4.6 Hz, 1H), 7.88(d,J=7.9 Hz, 1H), 7.59
(d,J =83 Hz 2H), 7.49(t, /= 7.3 Hz 2H), 741 (t, /= 6.8 Hz, 1H), 7.39— 7.31 (m, 1H).
=
S
N
Lo T
g3 z
-~ e k]
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.0 1.5 0.5 0.0 -0.

£1 (ppm)
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Compound 4-7. 2-Fluoro-5-phenylpyridine

— LV KoW Sow®
T REFRB2S 8281
PR OV N e
e B =

'H NMR(500MHz CDCl) 6 =8.41 (s, 1H), 7.95(td, / =83, 2.5 Hz, 1H), 7.52(d, /= 7.2 Hz 2H), 746
(t,J=7.5Hz, 2H), 7.41(q,J = 7.7 Hz, 1H), 699 (dd, J = 8.4, 2.8 Hz 1H).

B (td)| D (1) X
5| 7.46 |
P

0.00

F N
RIS S
T I T
£ L gy I
— — i~ -
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 0.5 0.0 0.5
f1 (ppm)

8.92

"H NMR(500MHz CDCl) § =892(s, 1H), 8.12(d, /= 8.1 Hz 1H), 7.75(d, J = 7.9 Hz 1H), 7.69(d, J = 7.0
Hz, 3H), 7.54(t,J = 72 Hz, 1H), 747(t,J = 7.0 Hz 2H), 7.39(t,J = 6.9 Hz, 1H), 7.36~ 7.29 (m, 1H).

-0.00

T T T T T T
6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5
£1 (ppm)
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Compound 4-9. 5-Phenyl-1H-indole-1-sulfonyl fluoride

O o o
L3I0 SFIBRIIR

PO N ,

NN H NMR(500MHz CDC1) § =7.95(d, J=8.7 Hz, 1H), 7.81 (s, 1H), 7.65(dd, J = 8.6, 1.5 Hz, 1H), 7.61

(d,J=74Hz2H), 746(dd,J=13.6,5.6 Hz 3H), 7.38(t, /= 7.4 Hz 1H), 6.84(d, /= 3.5 Hz 1H).

0
N

—0.00

\
SO,F

I

||

ZIOLTS L

Ep- fal - B

—— ] o — —_
. . . . . : T . . . . . . . . . . . . . .
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

£1 (ppm)

Do = ow o
RB S BT @ —o=
s Ee 3 325
S ¥ s S =
SZ3 88 § ey
23 33 8 SEE
NN ~N-

“c NMR(126MHz CDC1) § = 14083, 13859, 13427, 13103, 12905, 12759, 12681, 12672, 12554,
12047(d,J=6.0Hz), 11387, 11137.

— 140.83
— 138.59
—134.27
— 13103

—113.87
— 11137

|
|
|
|
[ | J |
L
T T T T T T T
140 135 130 125 120 115 110
1 (ppm)
|
|
|
|
|
1 I
H ‘l "
| ] il
T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10

£1 (ppm)
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"F NMR(377MHz CDC1) § = 53.96.
e
N
SO,F
n
T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
1 (ppm)
o
o~ 3
= 9
. s
o3 T
I
i
H NMR(500MHz CDC1) 8 =7.49(d, J=5.1 Hz 1H), 7.48 - 7.43 (m, 2H), 7.43 - 7.34(m, 3H), 7.08
(d,J=5.1Hz 1H), 3.77(s, 3H).
I\
&~ ~COMe
|
|
I
|
- 2
o
=)
o
T T T T T T T T T T T T T T T T T
0.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 2.0 5 0.0 0.5

£1 (ppm)
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Compound 4-11. 4-Phenylbenzo[b]thiophene

oL Too
L8R 28
JECRCRC R
— \/

'H NMR(500MHz CDC1) 8 =7.96(d,J=7.7 Hz, 1H), 7.73— 7.63 (m, 2H), 7.62— 7.52 (m, 3H), 7.47

o (J

N7

C (d) (dt) ‘
7.96 L AT
|

Q_IA\L/\ LA

T
7.0 6.5 6.0 5.5 5.0 4.5
1 (ppm)

=

=
=
s

Compound 6-1. 5-Chloro-2-phenylpyridine

o s omo =
g3 3R 3] 8
G5 e e b
Y N2

'H NMR(500MHz CDC1) 8 =8.62(d,./ =2.0 Hz 1H), 7.93(d,./ = 7.3 Hz 2H), 7.65(dd, /= 8.5, 2.4
Hz, 1H), 7.61(d,J = 8.4 Hz, 1H), 7.45(t,J = 7.3 Hz 2H), 740(t, / = 7.2 Hz, 1H).

]
N
N
A U
I\ A A
Z T Tl
8 s &s2
- o Hais
T T T T T T T T T T T T T T T T T T T T T T T
0.5 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 L5 10 0.5 0.0 05
1 (ppm)
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Compound 6-2. 2-Chloro-4-pheny
o2 mme wwmosd 3 8
8% 235 ZEITESTess :
06 B B N N N N LG i
v ] p————
"H NMR(500MHz CDC1) 8 = 8.59(d, J = 2.4 Hz 1H), 7.82(dd, J = 8.3, 2.6 Hz, 1H), 7.59— 7.50 (m,
2H), 7.47(t,J = 7.5 Hz 2H), 742 (d,J = 7.2 Hz, 1H), 7.39(dd, J = 7.9, 4.8 Hz, IH).
=z
S
N Cl
J I
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1 0.5 0.0 -0.5
1 (ppm)
Compound 6-3. 2-Chloro-5-phenylpyridine
o oo ) > 8
g% zus ‘ ,
R 2es =
PN -
N
"H NMR(500MHz CDC1) § = 8.59(d, J = 2.4 Hz, 1H), 7.82(dd, J = 8.3, 2.6 Hz, 1H), 7.59— 7.50(m,
2H), 747 (t,J = 7.5 Hz 2H), 741 (t,J = 7.3 Hz, 1H), 7.39(t,J = 5.7 Hz, H).
=
S
N Cl
|
1 It
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
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Compound 7-1. 6-Phenylpyridin-2-yl fluorosulfate

R

B2RINTRS

NN
N

7.09
7.07

N7

—7.26

'"H NMR(500MHz CDC1) § =8.04(d, J =73 Hz, 2H), 7.94(t, /= 7.8 Hz, 1H), 7.82(d, /= 7.7 Hz,
1H), 7.57- 7.42 (m, 3H), 7.08(d, J = 8.0 Hz, 1H).

]
X
N” "OSO.F
|
! [
i
” k W Y
T T
o3 -
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 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 L5 0 0.5 0.0 -0.
1 (ppm)
® 10 = o ww®®o o
X2 ©x & »SS & ©
rgte) = © S o —
=2 I8 RS2z 2
N [ P B
13
C NMR(126MHz CDC1) 6 = 15698, 15615, 141.87, 13660, 13034, 12908, 12708, 11998, 11162
=
X
N~ 0S0,F
1
| o
|
L LT
| s
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 -10
1 (ppm)
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44. 60
0.00

"F NMR(377MHz, CDCI) § = 44,60,

=
_ ]
N~ 0S0,F
JL
50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150
1 (ppm)
Compound 7-2. 4-Phenylpyridin-2-yl fluorosulfate
DT DR OO T e e = g
23 23I323TCSERIZRAEESS :
P N O O R R R ¢
S
'H NMR(500MHz CDC1) & =8.44(d, /=52 Hz 1H), 7.68— 7.62(m, 2H), 7.61 (dd, J=5.2,0.7 Hz,
1H), 7.53(dt, J = 108, 3.9 Hz, 3H), 7.37(s, 1H).
g
S
N~ 0S0,F
l |
Z CIEY
£ giva
— o= e =
1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 .0 0.5 0.0 -0.5
1 (ppm)
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“c NMR(101MHz CDC1) § = 15727, 15451, 14888, 13635, 13037, 12959, 12725, 12244, 11178 (d, J=2.6 Hz, 3H).

N
N~ 0S0,F

£
N\

77.48
77.16

76. 84

T T T T T
200 190 180 170 160 150 140 130 120 110 100 90

.
80 70 60 5 40 30 20 10
1 (ppm)
- °
B S
< S
b ;
"“F NMR(377MHz CDCI) § = 4403,
=
N
N” > 0S0,F
: . . . . . . . . . . . . . . .
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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Compound 7-3. 6-Phenylpyridin-3-yl fluorosulfate

mNO T=ww — © -
M-S Wi~ D N <
B N o S
Vo= /|
'H NMR(500MHz CDC1) 6 =8.72(d, J = 2.8 Hz 1H), 8.06— 7.94 (m, 2H), 7.85(dd, /= 8.8, 0.6 Hz
1H), 7.76 (ddd, J = 8.8, 2.8, 0.7 Hz, 1H), 7.57— 740 (m, 3H).
A~ OSOF
<
N
]
A JJ LJ LJ
< Zgn
8 -85 =
—_ ==
T T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)
o L Mmoo
& 88 T Ems= T ©© =
o S o FSAS L o
5 £ % 5 33353 g
= 53 8 SISy SEE
[ I e N
“c NMR(101MHz CDC) § = 157.82, 14605, 14223, 13749, 12993, 12931, 12901, 127.17, 12143,
A~ OSOF
N
N
|
|
|
| |
1]
|l |
T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
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"“F NMR(377MHz CDC) § = 37.86, 2 g
I =
B ;
_~_OSO.F
N
N

T T T
120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -10 -50 -60

T
-70

T
-80

o (ppm)
Compound 7-4. 2-Phenylpyridin-3-yl fluorosulfate
s SRR SSERRRE g8
o3 o5 o e e e S So
VN e v
"H NMR(500MHz CDCI) 8 =8.75(d, J = 4.6 Hz, 1H), 7.87— 7.74 (m, 3H), 7.58 — 7.4 (m, 3H), 7.39
(dd,J=83,4.6 Hz 1H).
N 0SOF
L
N
h J L
¢ T I3
11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.0 -0.5
1 (ppm)
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“c NMR(101MHz CDC1) § = 15197, 14973, 14486, 13508, 13011, 12992, 12910, 12881, 12363.

- OSOF
& 2 2 N
=g <
b 2 =
i
| I |
L | .
T T T T T T T T
155 150 145 140 135 130 125 120
f1 (ppm)
| | |
el " ‘
g »
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
1 (ppm)
e )
2 3
s E
1 .
F NMR(377MHz CDC1) 5 =40.73.
‘ ~OS0:F
P>
N
: o J
T T T T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
1 (ppm)
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Compound 7-5. 5-Phenylpyridin-3-yl fluorosulfate

o
— 0 o 8
> @ © B8 g
L < g B S
% o (RS
[ [
1
H NMR(500MHz CDC1) 8 =8.91(s, 1H), 8.65(s, 1H), 7.87(s, 1H), 7.59(d, J = 7.8 Hz 2H), 7.53 (t,J = 7.4 Hz 2H), 7.50— 7.44 (m, 1H).
~OSOF
L
N
og 3
T T T T T T T T T T T T T T T T T T T T T T T T
1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.0 0.5 0.0 -0.5
1 (ppm
0 1 Noon
2% ¢ BREL o=
S 18 FFS %
SE 3 3358 =g
538 SIS SEE
N SN
i3
C NMR(101MHz CDC1) § = 14830, 14735, 14081, 13888, 13545, 12952, 12936, 12740, 12682
0SO,F
ow —~ o No oo
88 B = EEAEE _
e~ S ® 8 S =S N
=2 =2 9 a3 a3
Vil [ N
| | |
L i
T T T T T T 1
150 145 141 13 130 125 120
£1 (ppm)
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M
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180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
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"F NMR(377MHz CDCY) § = 3823,

60
1 (ppm)

8.64
8.63

<
L
‘

38.23
0.00

-0.00

"H NMR(500MHz CDCl) § =8.64(d, / =2.7 Hz 1H), 7.97(d,/ = 6.9 Hz, 2H), 7.79(d,./ = 8.8 Hz, 1H), 7.66 (dd, J =

8.8,2.8 Hz, 1H), 7.53— 7.41 (m, 3H).
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I AP
S 888 =
— o =l
T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
1 (ppm)
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0.00
-72.96

"F NMR@377MHz CDC1) = 7296

T T T T T T T T T T T
50 40 30 20 10 0 -10 -20 -30 -10 -50 -60 -70 -80 -90 -100 -110 120 -130 -140
1 (ppm)

Compound 10. 2,5-Diphenylpyridine

~ ©owovwaown =0 °
S 8383¥k8 : S 8
o0 B e e e e A e e S S
TR frr————
'H NMR@00MHz CDCl) 6 = 8.94(s, 1H), 8.05(d,./ = 7.8 Hz 2H), 7.95(d, /=82 Hz 1H), 7.81(d,
=82 Hz, IH), 7.64(d,J =7.7 Hz 2H), 7.50(t, J = 7.3 Hz, 4H), 7.42(dd, J = 137, 6.6 Hz 2H).
T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Compound 11. 6-Chloro-5-phenylpyridin-3-yl fluorosulfate

8.47
8.46

<5

= x©
SIS
[
N

0. 00

"H NMR@00MHz CDCl) § =846 (d, J = 2.7 Hz, 1H), 7.71(d, J = 2.7 Hz, 1H), 7.57— 7.36 (m, 5H).
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J | I
ER
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T T T T T T T T T T T T T T T T T T T T T T
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1 (ppm)
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e RS T enT =0
G S8 iSFD
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S IEZZaER s
RN SN
lzC NMR(101MHz CDC1) § = 14934, 14589, 14061, 13893, 13548, 13203, 12931, 12918, 12871
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180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
1 (ppm)
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38.37
-0.00

"F NMR(282MHz CDC1) § = 3837.

A~ OSO,F
< |
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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
10 100 9 80 70 60 50 40 30 20 10 0 -0 20 -3 -4 -5 -60 -70 -80  -90 -100 -110 -120 ~-I130 -140 -150 -160
1 (ppm)
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o6 o6 N L L GGG o e
N | et ——
1 N
H NMR(500MHz CDC1) 8 =8.59(d, J = 2.4 Hz, 1H), 7.84(d, J = 2.4 Hz, 1H), 7.53— 7.41 (m, TH),
7.29(d,J=7.9Hz 2H), 241 (s, 3H).
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J N W S N|
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T T T T T T T T T T T T T T T T T T T T T
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1 (ppm)
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“c NMR(101MHz CDC1) & = 14786, 14604, 13832, 137,55, 13727, 13641, 13560, 13307, 12976, 12916, 12819, 12667, 21.03.
o =
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xS
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Cl N
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LL lbll
150 145 140 135 130 125
£1 (opm)
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k il
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
Compound 13. 3-Phenyl-5-p-tolyl-2-(4-(trifluoromethyl)phenyl)pyridine
o o —emeso - <
5 2 RE%S8S2 % s
% ORI N S
IS =
.
H NMR(400MHz, CDCI) = 8.92 (s, 1H), 7.89(s, 1H), 7.56— 7.45 (m, 6H), 7.27 (m, 5H), 7.20(d, J = 2.8 Hz, 2H).
o
|
a
FaC
|
Il
e
z I I z
g g £ie £
= = S dai -
1.5 1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1 1.0 0.5 0.0 -0.
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"C NMR(101MHz CDC) & = 15388, 14678, 14356, 13941, 13843, 13676, 13628, 13561, 13415,
13030, 12997, 12958, 12866, 12771, 12700, 12561, 12488, 12484, 12291, 2120. O O
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"F NMR(377MHz CDCl) § = 6307,
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Compound 14. 6-Chloro-5-(3-(hydroxymethyl)phenyl)pyridin-3-yl fluorosulfate

©w OV —~O O Do - =3
+ < - DR F ST T T mmN = = S
% 6 e R e e e S S o~ =

'H NMR(500MHz CDCl) § =846 (d, /= 2.7 Hz, 1H), 7.71 (4, = 2.8 Hz 1H), 749 (dd, /= 139, 7.5
Hz, 3H), 7.44— 7.36(m, 1H), 4.79(s, 2H), 2.14(s, IH). 0S0.F
2

Y LTy I
8 g = =
— —_ o= o

T T T
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© 2w ® o o o=
ERE =X 25 0= -
S 8T o o WS e o
2353 8BS8S S8 S <
S32 22a o SiRE e
I N A SN I

“c NMR(101MHz CDC1) & = 14908, 14579, 141.68, 14048, 13878, 13543, 13211, 12870, 12810, 127,60, 127.37, 64.24.
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"F NMR(377MHz CDC1) § = 3852
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Compound 15. (3-(6-Chloro-6'-methyl-3,3'-bipyridin-5-yl)phenyl)methanol
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"H NMR(500MHz CDOD) & = 8.75(d, J = 2.0 Hz 1H), 8.65(d, /= 2.5 Hz, 1H), 807(dd,/=73,2.4
Hz, 2H), 7.52(s. 1H), 7.50— 7.40 (m, 4H), 4.69 (s, 2H), 2.59 s, 3H).
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"¢ NMR(101MHz CD'OD) § = 15958, 14757, 147.19, 14328, 13956, 13870, 13846, 13720, 13418
513105, 12952, 12934, 12890, 12814, 12539, 64.88, 23.53.
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Compound 16. 5-(5-(3-(Hydroxymethyl)phenyl)-6"-methyl-3,3"'-bipyridin- 6-yl)furan-2-carbaldehyde
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"H NMR(500MHz CDCl) 8 =9.54(s, 1H), 892(d,/ =2.2 Hz, 1H), 8.77(d,/ = 2.0 Hz, 1H), 785 (d,
J=43,23 Hz, 2H), 7.52- 7.42(m, 3H), 7.30(d,J = 8.0 Hz 0H), 7.23(d, J = 7.3 Hz 0H), 7.15(d, J =
3.7Hz 1H), 6.56(d,J = 3.6 Hz, 1H), 478 (s, 2H), 2.83 (s, 1H), 2.63 (s, 3H).
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“c NMR(101MHz CDCl) § = 17823, 15880, 15708, 15233, 147.14, 14672, 14447, 14205, 13849, 13689,
13666, 13480, 13285, 12949, 12879, 12785, 127.72, 127.08 12372, 121.05, 11422, 64.66,24.17.
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Compound 18. 3-Bromo-5-chloropyridin-2-yl fluorosulfate
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IH NMR(400MHz CDC1) § =829(d,J=2.3 Hz 1H), 8.10(d, J=2.3 Hz 1H).
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“c NMR(101MHz CDCl) 8 = 15136, 14542, 14369, 13252, 11026(d, J=3.3H2).
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Compound 19. 5-chloro-3-(4-(methylsulfonyl)phenyl)pyridin-2-yl fluorosulfate

So—om e ® ) w o
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H NMR(@00MHz CDCI) 3 =840(d,J = 2.3 Hz 1H), 8.10(d,J =83 Hz, 2H), 7.94(d,J = 2.3 Hz 1H), 7.70(d, J = 8.3 Hz, 2H), 3.14(s, 3H).
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CNMR(101MHz CDC1) 8 = 15105, 14659, 141.58 14116, 137.70, 13264, 13010, 12826, 12747 (d, J=2.3 Hz), 44.52.
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5-chloro-6'-methyl-3-(4-(methylsulfonyl)phenyl)-2,3'-bipyridine
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H NMR(400MHz, CDCY) 8 =8.72(d, J = 2.2 Hz 1H), 8.39(s, 1H), 7.91(d, /= 8.3 Hz, 2H), 7.74(d, /= 22 Hz, I
1H), 7.57(d, /= 8.0 Hz, 1H), 741 (d, /=83 Hz 2H), 7.10(d, /= 8.1 Hz, 1H), 3.09(s, 3H), 2.55 (s, 3H). S
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