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1. Materials and Methods

All chemicals were purchased from Energy Chemical Reagent, Ltd, Zane
Chemical Technology company, Aladdin Ltd, Crystal pure bio-tech company and so
forth. Unless otherwise stated, all experiments were conducted in a seal tube under
argon atmosphere. Reactions were monitored by TLC or GC-MS analysis. Flash
column chromatography was performed over silica gel (200-300 mesh).

'H-NMR, 3C-NMR and **F-NMR spectra were recorded in CDCls on Nuclear
Magnetic Resonance spectrometer (400 MHz for *H or 600 MHz for H, 151 MHz for
13C, 376 MHz for °F) at room temperature. Chemical shifts were reported in ppm on
the scale relative to CDCls (8 = 7.26 for *H NMR, § = 77.00 for 3C NMR) as an
internal reference. High resolution mass spectra were recorded using ZAB-HS Bifocal

high resolution mass spectrometer. Coupling constants (J) were reported in Hertz (Hz).



2. Experimental procedures and characterization data

2.1. The synthesis of compounds 1 according to the following

procedure

The substrates 1 were prepared according to the procedures in the literature?.

As exemplified for 1a:

NO,
X .0 CH3CN, 24h | ~
| . HoN /= s L
N N" -oDpNP
NO, '

NH, 1a
To a solution of pyridine (0.47 g, 6.0 mmol) in acetonitrile (25 mL) was added O-
(2,4-dinitrophenyl) hydroxylamine (1.3 g, 6.6 mmol). The reaction flask was sealed
with rubber plug, and the reaction mixture was stirred for 24 h at room temperature,
then upon filtering off the solvent. The orange solid was obtained, which was used in

the next step without further purification.

2.2 Characterization data of some starting materials 1

All characterization data of compounds 1 are consistent with literature after
contrast. As known compounds, we herein list the melting point, *H NMR and *C

NMR data of some compounds 1.

] 9
+- NO
ITI 2
NH,
NO,

1-Aminopyridin-1-ium ylide (1a)
Yellow solid; Yield =1.25 g (75%); mp 149 - 151 <. 'H NMR (600 MHz,

CD3SOCDs), J: 8.85 (s, 2H), 8.74 - 8.59 (m, 3H), 8.30 (t, J = 7.8 Hz, 1H), 8.05 (t, J =
7.2 Hz, 2H), 7.85 - 7.83 (m, 1H), 6.42 (d, J = 9.6 Hz, 1H). *C NMR (150 MHz,
CDsSOCDs), 8: 170.9, 139.9, 138.6, 136.5, 128.6, 128.6, 128.0, 127.0, 125.4.



NO,
1-Amino-2-phenylpyridin-1-ium ylide (1c)
Yellow solid; Yield = 1.32 g (62%); mp 134-136 <. 'H NMR (400 MHz,

CDsSOCDs), J: 9.04 (s, 1H), 8.67 (s, 1H), 8.40 (t, J = 7.2 Hz, 1H), 8.13 - 8.03 (m,
4H), 7.86 - 7.78 (m, 3H), 7.64 (s, 3H), 6.41 (d, J = 8.0 Hz, 1H). 3C NMR (150 MHz,
CDsSOCDs), 8: 170.6, 150.1, 141.3, 141.2, 136.4, 131.4, 130.8, 130.4, 130.1, 129.2,
128.1, 127.4, 126.8, 125.4.

Ph -

(9
+. - NO
l}l 2
NH»
NO,

1-Amino-3-phenylpyridin-1-ium ylide (1e)
Yellow solid; Yield = 1.49 g (70%); mp 118 - 120 €. 'H NMR (400 MHz,

CD3SOCD3), &: 9.18 (s, 1H), 8.81 (s, 1H), 8.76 - 8.53 (m, 4H), 8.09 (t, J = 8.0 Hz,
1H), 7.88 - 7.75 (m, 3H), 7.67 - 7.50 (m, 3H), 6.40 (d, J = 10.0 Hz, 1H). 3°C NMR
(150 MHz, CDsSOCD3), 5: 170.9, 140.1, 137.2, 136.7, 136.4, 136.2, 133.6, 130.5,
129.9, 128.4, 128.0, 127.6, 127.0, 125.4.



1-Amino-4-phenylpyridin-1-ium ylide (1i)
Yellow solid; Yield = 1.70 g (80%); mp 164 - 166 <. 'H NMR (400 MHz,

CDsSOCDs), 8: 8.82 (d, J = 7.2 Hz, 2H), 8.62 (d, J = 3.2 Hz, 1H), 8.47 (s, 2H), 8.37
(d, J = 7.2 Hz, 2H), 7.99 - 7.97 (m, 2H), 7.84 (dd, J = 10.0, 3.2 Hz, 1H), 7.67 - 7.57
(m, 3H), 6.43 (d, J = 10.0 Hz, 1H). 3C NMR (150 MHz, CDsSOCDs), J: 169.7,
149.9, 139.0, 136.5, 134.2, 131.8, 130.0, 128.7, 128.1, 128.0, 126.4, 125.2, 125.1.

HsC | N o
+ NO
HeC” N 2
NH,
NO,

1-Amino-2,3-dimethylpyridin-1-ium ylide (1j)
Yellow solid; Yield =1.54 g (84%); mp 101 - 103 <. 'H NMR (400 MHz,

CD3SOCD3), J: 8.72 (d, J = 6.4 Hz, 1H), 8.61 (d, J = 3.2 Hz, 1H), 8.12 - 8.10 (m, 3H),
7.80 (dd, J = 9.6, 3.2 Hz, 1H), 7.76 (t, J = 7.2 Hz, 1H), 6.36 (d, J = 10.0 Hz, 1H), 2.66
(s, 3H), 2.47 (s, 3H). 3C NMR (150 MHz, CD3sSOCD3), J: 175.4, 154.9, 145.7 (d, J
= 9.4 Hz), 143.1, 142.7 (d, J = 39.4 Hz), 141.2, 132.7, 131.7, 130.1 (d, J = 30.3 Hz),
129.6, 24.2, 20.4.



[ 9
+- NO
'}l 2
NH,
NO,

1-Amino-4-methylquinolin-1-ium ylide (10)
Yellow solid; Yield = 1.48 g (72%); mp 164 - 166 <. 'H NMR (600 MHz,

CDsSOCDs), J: 9.28 (d, J = 3.0 Hz, 1H), 8.64 - 8.55 (m, 2H), 8.47 - 8.31 (m, 3H),
8.27 - 8.19 (t, J = 7.8 Hz, 1H), 8.05 - 7.92 (m, 2H), 7.77 (dd, J = 9.6, 3.0 Hz, 1H),
6.34 (d, J = 9.6 Hz, 1H), 2.93 (s, 3H). 3C NMR (150 MHz, CDsSOCDs3), J: 170.8,
154.1, 143.2, 136.8, 136.4, 134.6, 130.2, 129.2, 127.9, 127.0, 126.7, 125.4, 122.7,
119.1, 19.5.

NH,
NO,
1-Aminoisoquinolin-2-ium ylide (1q)
Yellow solid; Yield =1.34 g (68%); mp 160 - 162 <. 'H NMR (400 MHz,

CD3sSOCDs), 6: 9.76 (s, 1H), 8.88 - 8.58 (m, 4H), 8.57 - 8.48 (m, 1H), 8.47 - 8.28 (m,
2H), 8.19 - 7.94 (m, 2H), 7.83 (dd, J = 9.6, 3.2 Hz, 1H), 6.42 (d, J = 8.0 Hz, 1H). 3C
NMR (150 MHz, CDsSOCDs), &: 170.7, 140.9, 136.4, 135.0, 134.3, 132.1, 131.4,
129.3, 128.0, 127.8, 127.6, 126.9, 126.7, 125.4.



2.3. NMR spectra for some starting materials 1
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NMR copies of compound 1c:
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NMR copies of compound 1
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NMR copies of compound 1j:
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NMR copies of compound 10
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NMR copies of compound 1q
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2.4. The synthesis of compounds 2 according to the following

procedure 2

CICF,CO,Na (1.5 equiv.) H

o]
PPhs (1.2 equiv.) _ ~ _F
Ar)J\H DMF, 110 °C, 2- 10 h Ar)\F/
CICF2CO2Na (1.2 equiv., 12.0 mmol) in 50 mL DMF was added slowly to the mixture

of corresponding aldehyde (10.0 mmol) and PPhz (1.5 equiv., 15.0 mmol) in DMF (40
mL) at 110 °C, the reaction was heated at 110 °C and kept at this temperature until no
further evolution of CO, was observed. The reaction mixture was cool to room

temperature then water (50 mL) was added to the reaction slowly and the mixture was

extracted with EtOAc (3 x 15 mL). The combined organic layer was dried over

Na2SOg, filtered, and concentrated in vacuo. The residue was purified by flash column

chromatography to afford the difluoroalkenes.

2.5. Characterization data of some starting materials 2

CN

4-(2,2-difluorovinyl)benzonitrile (2a)

Purification by flash column chromatography on silica gel (EA/n-hexane = 1:50),
white solid; Yield = 1.04 g (63%); mp 56 - 58 <. 'H NMR (400 MHz, CDCls), &:
7.62 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 5.34 (dd, J = 25.6, 3.2 Hz, 1H). 1°F
NMR (376 MHz, CDCls), &: -77.90 (dd, J = 25.2, 21.4 Hz), -79.55 (d, J = 20.3 Hz).
13C NMR (150 MHz, CDCls), 5: 157.0 (dd, J = 299.5, 290.5 Hz), 135.3 (dd, J = 7.5,
6.6 Hz), 132.4, 128.0 (dd, J = 6.9, 3.6 Hz), 118.6, 110.5, 81.8 (dd, J = 30.3, 12.7 Hz).
HRMS (ESI): Calcd for CoHsF2N * m/z 166.0463 [M+H] *, found 166.0464.

21



Ph

4-(2,2-difluorovinyl)-1,1'-biphenyl (2f)

Purification by flash column chromatography on silica gel (n-hexane), white solid;
Yield =1.64 g (76%); mp 77 - 79 <T. *H NMR (400 MHz, CDCls), &: 7.59 - 7.55 (m,
4H), 7.48 - 7.29 (m, 5H), 5.29 (dd, J = 26.4, 3.6 Hz, 1H). F NMR (376 MHz,
CDCl3), &: -81.89 (dd, J = 30.8, 26.3 Hz), -83.81 (dd, J = 30.4, 3.4 Hz). 3C NMR
(150 MHz, CDCla), d: 156.4 (dd, J = 296.7, 286.9 Hz), 140.5, 139.8 (t, J = 2.1 Hz),
129.4 (t, J = 6.4 Hz), 128.8, 128.0 (dd, J = 6.3, 3.6 Hz), 127.4, 127.3, 127.0, 81.9 (dd,
J =28.9, 13.3 Hz). HRMS (ESI): Calcd for C1sH11F2 * m/z 217.0823 [M+H] *, found
217.0827.

CH;
CHj

4-(2,2-difluorovinyl)-1,2-dimethylbenzene (2m)

Purification by flash column chromatography on silica gel (n-hexane), Colorless oil;
Yield = 1.39 g (83%). 'H NMR (400 MHz, CDCls), &: 7.14 - 6.98 (m, 3H), 5.18 (dd,
J =26.4, 4.0 Hz, 1H), 2.23 (s, 6H). °F NMR (376 MHz, CDCl3), &: -83.24 (dd, J =
34.2, 26.7 Hz), -83.39 (dd, J = 34.2, 3.8 Hz). 3C NMR (150 MHz, CDCls), 6: 156.1
(dd, J = 295.9, 285.6 Hz), 136.8, 135.5 (t, J = 1.8 Hz), 129.9, 128.8 (dd, J = 5.2, 3.6
Hz), 127.8 (t, J = 6.4 Hz), 125.0 (dd, J = 5.8, 2.8 Hz), 81.9 (dd, J = 28.6, 13.8 Hz),
19.7, 19.4. HRMS (ESI): Calcd for CioHuF> * m/z 169.0823 [M+H] *, found
169.0825.
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— OCH,3

Br

4-bromo-2-(2,2-difluorovinyl)-1-methoxybenzene (20)

Purification by flash column chromatography on silica gel (n-hexane), Colorless oil;
Yield = 1.93 g (78%). 'H NMR (400 MHz, CDCls), J: 7.54 (s, 1H), 7.27 (d, J = 8.4
Hz, 1H), 6.69 (d, J = 8.4 Hz, 1H), 5.59 (d, J = 26.4 Hz, 1H), 3.78 (s, 3H). 1F NMR
(376 MHz, CDCls), &: -81.28 (d, J = 27.8 Hz), -81.52 (t, J = 26.7 Hz). 3C NMR (150
MHz, CDCls), d: 156.4 (dd, J = 296.5, 286.8 Hz), 155.2 (dd, J = 4.6, 1.5 Hz), 130.7
(dd, J = 2.7, 1.3 Hz), 130.7, 121.3, 112.9, 112.1, 75.6 (dd, J = 31.8, 12.1 Hz), 55.7.
HRMS (ESI): Calcd for CoHgF.OBr ™ m/z 248.9721 [M+H] *, found 248.9721.

¢ OO

1-(2,2-difluorovinyl)naphthalene (2q)

Purification by flash column chromatography on silica gel (n-hexane), Colorless oil;
Yield =1.25 g (66%). *H NMR (400 MHz, CDCls), &: 8.08 - 6.96 (m, 7H), 5.74 (d, J
=21.2 Hz, 1H). *F NMR (376 MHz, CDCls), J: -82.78 (d, J = 29.3 Hz), -84.62 (t, J
= 27.4 Hz). °C NMR (150 MHz, CDCls), J: 156.9 (dd, J = 294.6, 286.8 Hz), 133.8,
131.6 (d, J = 3.4 Hz), 128.8, 128.1, 126.7, 126.6 (dd, J = 6.6, 1.6 Hz), 126.5, 126.1,

125.6, 123.8, 78.8 (dd, J = 28.9, 15.4 Hz). HRMS (ESI): Calcd for CioHeF2 * miz
191.0667 [M+H] *, found 191.0666.
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NMR copies of compound 2f:
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NMR copies of compound 2m:
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NMR copies of compound 20:
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NMR copies of compound 2q:
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3. General procedure for the synthesis of compounds 3 or 4:

A mixture of 1 (0.6 mmol, 1.2 equiv), 2 (0.5 mmol, 1.0 equiv), and Cs2CO3 (0.6
mmol, 1.2 equiv) in DMF (3 ml) were charged into a reaction tube (10 mL). The
reaction mixture was stirred for 12 h at 100< The progress of the reaction was
monitored by TLC. After the complete consumption of starting materials, the reaction
mixture was quenched with water and the product was extracted with EtOAc (3 <15
mL), the combined organic layer was dried over anhydrous Na,SOs, and concentrated
under reduced pressure. The residue was purified by flash column chromatography on

silica gel to afford the corresponding compounds 3 or 4.
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5. Characterization data of compounds 3 and 4:

4-(2-fluoropyrazolo[1,5-a]pyridin-3-yl)benzonitrile (3a)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
Yellow solid; Yield = 98 mg (83%); mp 221 - 223 <C. *H NMR (400 MHz, CDCls), ¢:
8.36 (d, J = 7.2 Hz, 1H), 7.76 - 7.71 (m, 5H), 7.35 (t, J = 8.0 Hz, 1H), 6.91 (t, J = 7.4
Hz, 1H). 1°F NMR (376 MHz, CDCls), J: -127.89 (s). 1*C NMR (150 MHz, CDCls),
0:163.2 (d, J = 249.1 Hz), 138.6, 135.2 (d, J = 4.3 Hz), 132.7, 129.5, 127.4 (d, J = 2.8
Hz), 126.5, 118.9, 116.5 (d, J = 3.4 Hz), 112.7 (d, J = 2.5 Hz), 109.5, 93.0 (d, J = 16.9
Hz). HRMS (ESI): Calcd for C14HeFN3 * m/z 238.0775 [M+H] *, found 238.0776.

4-(2-fluoro-7-methylpyrazolo[1,5-a]pyridin-3-yl)benzonitrile (3b)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 78 mg (62%); mp 204 - 206 <T. 'H NMR (400 MHz, CDCls), ¢:
7.73 (s, 4H), 7.64 (d, J = 8.8 Hz, 1H), 7.31 (dd, J = 7.2 Hz, J = 8.8 Hz,1H), 6.78 (d, J
= 7.2 Hz, 1H), 2.72 (s, 3H). °F NMR (376 MHz, CDCly), 6: -128.34 (s). 13C NMR
(150 MHz, CDCls), §: 163.0 (d, J = 248.2 Hz), 139.4, 139.0, 135.6 (d, J = 4.5 Hz),
132.7,127.4 (d, J = 2.8 Hz), 126.7, 119.0, 113.9 (d, J = 3.4 Hz), 112.3 (d, J = 2.8 Hz),
109.3,92.9 (d, J = 16.9 Hz), 17.7. HRMS (ESI): Calcd for C1sH11FN3 * m/z 252.0932
[M+H] *, found 252.0932.
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4-(2-fluoro-7-phenylpyrazolo[1,5-a]pyridin-3-yl)benzonitrile (3c)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 113 mg (72%); mp 196 - 198 <T. 'H NMR (400 MHz, CDCls), ¢:
7.84 (dd, J = 2.0 Hz, J = 8.0 Hz, 2H), 7.71 (s, 4H), 7.68 (s, 1H), 7.54 - 7.51 (m, 3H),
7.39 (dd, J=7.2 Hz, J = 8.8 Hz, 1H), 6.94 (dd, J = 1.2 Hz, J = 7.2 Hz, 1H). 1%F NMR
(376 MHz, CDCls), 6: -127.79 (s). *C NMR (150 MHz, CDCls), 6: 162.9 (d, J =
247.8 Hz), 141.4, 139.7, 135.4 (d, J = 4.5 Hz), 132.7, 132.4, 130.0, 129.2, 128.5,
127.5 (d, J = 2.5 Hz), 126.9, 119.0, 115.1 (d, J = 3.1 Hz), 113.6 (d, J = 2.7 Hz), 109.5,
93.3 (d, J = 17.2 Hz). HRMS (ESI): Calcd for C20H13FN3 * m/z 314.1088 [M+H] *,
found 314.1088.

4-(2-fluoro-4-methoxypyrazolo[1,5-a]pyridin-3-yl)benzonitrile (3d)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 71 mg (53%); mp 165 - 167 <T. *H NMR (400 MHz, CDCl3), é:
7.99 (d, J = 7.6 Hz, 1H), 7.70 - 7.59 (m, 4H), 6.80 - 6.72 (m, 1H), 6.58 (d, J = 7.6 Hz,
1H), 3.87 (s, 3H). °F NMR (376 MHz, CDCls), J: -130.99 (5). 13C NMR (150 MHz,
CDCly), §: 163.3 (d, J = 247.5 Hz), 151.1 (d, J = 3.1 Hz), 134.7 (d, J = 3.9 Hz), 132.1,
131.4,130.7 (d, J = 1.8 Hz), 122.3, 119.2, 111.7 (d, J = 2.5 Hz), 109.6, 102.3, 94.4 (d,
J = 17.2 Hz), 55.6. HRMS (ESI): Calcd for C1sH1uFNzO * m/z 268.0881 [M+H] *,
found 268.0883.
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4-(2-fluoro-6-phenylpyrazolo[1,5-a]pyridin-3-yl)benzonitrile (3e)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 86 mg (55%); mp 135 - 137 <C. 'H NMR (400 MHz, CDCls), &:
8.53 (s, 1H), 7.78 (d, J = 9.2 Hz, 1H), 7.74 — 7.69 (m, 4H), 7.63 — 7.53 (m, 3H), 7.50
(t, J = 7.2 Hz, 2H), 7.43 (d, J = 7.2 Hz, 1H). °F NMR (376 MHz, CDCl5), 5: -126.76
(s). 3C NMR (150 MHz, CDCls), §: 163.3 (d, J = 249.9 Hz), 137.4, 136.2, 135.1 (d, J
= 4.3 Hz), 132.8, 129.3, 128.3, 127.2 (d, J = 2.8 Hz), 126.9, 126.7 (d, J = 6.9 Hz),
119.0, 116.4 (d, J = 3.3 Hz), 109.5, 93.1 (d, J = 16.5 Hz). HRMS (ESI): Calcd for
CooH13FN3 " m/z 314.1088 [M+H] *, found 314.10877.
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4-(2-fluoro-5-methylpyrazolo[1,5-a]pyridin-3-yl)benzonitrile (3f)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 100 mg (80%); mp 188 - 190 <T. 'H NMR (400 MHz, CDCls), ¢:
8.21 (d, J = 7.2 Hz, 1H), 7.74 -7.69 (m, 4H), 7.48 (s, 1H), 6.65 (dd, J = 1.6 Hz, J = 7.2
Hz, 1H), 2.45 (s, 3H). °F NMR (376 MHz, CDCls), §: -127.81 (s). 2*C NMR (150
MHz, CDCls), §: 163.4 (d, J = 249.0 Hz), 138.7 (d, J = 1.0 Hz), 137.9, 135.6 (d, J =
4.5 Hz), 132.7, 128.7, 127.2 (d, J = 2.8 Hz), 119.0, 115.2 (d, J = 2.7 Hz), 114.9 (d, J =
3.3 Hz), 109.1, 92.0 (d, J = 16.8 Hz), 21.6. HRMS (ESI): Calcd for C1sH1:FN3 * m/z
252.0932 [M+H] ¥, found 252.0932.
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4-(2-fluoro-5-methoxypyrazolo[1,5-a]pyridin-3-yl)benzonitrile (3g)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 113 mg (85%); mp 218 - 220 <T. 'H NMR (600 MHz, CDCls), J:
8.16 (d, J = 7.8 Hz, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 7.8 Hz, 2H), 6.90 (d, J
= 2.4 Hz, 1H), 6.57 (dd, J = 3.0 Hz, J = 7.8 Hz, 1H), 3.91 (s, 3H). °F NMR (376
MHz, CDCls), d: -127.21 (s). 3C NMR (150 MHz, CDCl3), §: 163.8 (d, J = 248.8 Hz),
158.9, 139.7, 135.7 (d, J = 4.5 Hz), 132.7, 130.4, 127.0 (d, J = 2.7 Hz), 119.1, 109.0,
107.0 (d, J = 2.5 Hz), 93.8 (d, J = 2.7 Hz), 92.3 (d, J = 18.9 Hz), 55.8. HRMS (ESI):
Calcd for C1sH1:FN3O " m/z 268.0881 [M+H] *, found 268.0881.

4-(2-fluoro-5-phenoxypyrazolo[1,5-a]pyridin-3-yl)benzonitrile (3h)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 146 mg (89%); mp 142 - 144 <T. 'H NMR (400 MHz, CDCls), ¢:
8.25 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H), 7.44 (t, J =
8.0 Hz, 2H), 7.26 (t, J = 7.2 Hz, 1H), 7.12 (d, J = 7.6 Hz, 2H), 7.03 (d, J = 2.4 Hz,
1H), 6.67 (dd, J = 2.8 Hz, J = 7.6 Hz, 1H). 1°F NMR (376 MHz, CDCls), §: -126.39
(s). 3C NMR (150 MHz, CDCls), J: 163.9 (d, J = 249.3 Hz), 157.2, 154.6, 139.5,
135.2 (d, J =4.3 Hz), 132.7, 131.0, 130.3, 126.9, 125.4, 120.1, 118.9, 109.2, 107.0 (d,
J = 2.5 Hz), 100.5 (d, J = 2.7 Hz), 92.8 (d, J = 17.4 Hz). HRMS (ESI): Calcd for
C20H13FN3O * m/z 330.1037 [M+H] *, found 330.1037.
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4-(2-fluoro-5-phenylpyrazolo[1,5-a]pyridin-3-yl)benzonitrile (3i)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 122 mg (78%); mp 167 - 169 <. 'H NMR (400 MHz, CDCls), :
8.38 (d, J = 7.2 Hz, 1H), 7.84 (s, 1H), 7.74 (s, 4H), 7.64 (d, J = 6.8 Hz, 2H), 7.53 -
7.44 (m, 3H), 7.14 (dd, J = 2.0 Hz, J = 7.2 Hz, 1H). *F NMR (376 MHz, CDCl3), J: -
127.14 (s). 3C NMR (150 MHz, CDCly), d: 163.5 (d, J = 249.7 Hz), 139.9, 138.7,
138.1, 135.3 (d, J = 4.3 Hz), 132.8, 129.4, 129.2, 129.0, 127.4 (d, J = 2.8 Hz), 126.9,
119.0, 113.3 (d, J = 3.4 Hz), 112.6 (d, J = 2.5 Hz), 109.5, 93.4 (d, J = 16.8 Hz).
HRMS (ESI): Calcd for CaoH13FN3 * m/z 314.1088 [M+H] *, found 314.1089.

4-(2-fluoro-6,7-dimethylpyrazolo[1,5-a]pyridin-3-yl)benzonitrile (3j)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 99 mg (75%); mp 166 - 169 <. 'H NMR (400 MHz, CDCls), ¢:
7.70 (s, 4H), 7.53 (d, J = 8.8 Hz, 1H), 7.20 (d, J = 9.2 Hz, 1H), 2.68 (s, 3H), 2.38 (s,
3H). 19F NMR (376 MHz, CDCls), J: -128.82 (s). *C NMR (150 MHz, CDCl3), 6:
162.7 (d, J = 247.0 Hz), 137.6, 136.7, 135.8 (d, J = 4.5 Hz), 132.6, 130.0, 127.1 (d, J
= 3.0 Hz), 119.8 (d, J = 2.8 Hz), 119.1, 112.9 (d, J = 3.3 Hz), 108.9, 92.3 (d, J = 16.9
Hz), 17.9, 14.0. HRMS (ESI): Calcd for C16H13FN3z * m/z 266.1088 [M+H] *, found
266.1088.
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4-(2-fluoropyrazolo[1,5-a]quinolin-3-yl)benzonitrile (3n)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 108 mg (75%); mp 199 - 201 <T. 'H NMR (400 MHz, CDCls), J:
8.45 (d, J = 8.4 Hz, 1H), 7.82 - 7.72 (m, 6H), 7.65 (d, J = 9.6 Hz, 1H), 7.61 (d, J = 9.2
Hz, 1H), 7.52 - 7.48 (m, 1H). °F NMR (376 MHz, CDCls), &: -128.56 (s). 13C NMR
(150 MHz, CDCl3), 8: 162.6 (d, J = 249.4 Hz), 141.2, 136.3, 135.0 (d, J = 4.5 Hz),
134.4, 132.7, 130.5, 128.6, 127.8 (d, J = 2.2 Hz), 127.6, 125.2, 123.0, 118.9, 115.3,
1145 (d, J = 2.1 Hz), 110.0, 96.4 (d, J = 17.4 Hz). HRMS (ESI): Calcd for
CigH11FN3 " m/z 288.0932 [M+H] *, found 288.0930.

4-(2-fluoro-5-methylpyrazolo[1,5-a]quinolin-3-yl)benzonitrile (30)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 126 mg (84%); mp 202 - 204 <T. 'H NMR (400 MHz, CDCls), ¢:
8.46 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.77 - 7.71 (m, 5H), 7.54 - 7.51 (m,
1H), 7.43 (s, 1H), 2.67 (s, 3H). °F NMR (376 MHz, CDCla), &: -129.01 (s). 3C
NMR (150 MHz, CDCls), J: 162.7 (d, J = 248.7 Hz), 136.2, 135.3 (d, J = 4.3 Hz),
135.3, 134.1, 132.7, 130.2, 127.7 (d, J = 2.7 Hz), 125.3, 125.0, 123.5 (d, J = 2.1 Hz),
119.0, 115.6, 113.8 (d, J = 2.1 Hz), 109.7, 95.4 (d, J = 17.8 Hz), 19.5. HRMS (ESI):
Calcd for C19H13FNs ™ m/z 302.1088 [M+H] *, found 302.1087.
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4-(7-bromo-2-fluoropyrazolo[1,5-a]quinolin-3-yl)benzonitrile (3p)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 131 mg (72%); mp 244 - 246 <. 'H NMR (400 MHz, CDCls), J:
8.32 (d, J = 8.8 Hz, 1H), 7.94 (d, J = 2.0 Hz, 1H), 7.80 (dd, J = 2.0, J = 8.8, 1H), 7.77
(d, J=8.4 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 9.6 Hz, 1H), 7.54 (d, J = 9.2
Hz, 1H). °F NMR (376 MHz, CDCls), 6: -127.99 (s). *C NMR (150 MHz, CDCls),
0:162.7 (d, J = 249.4 Hz), 136.1, 134.6 (d, J = 4.5 Hz), 133.4, 133.2, 132.8, 130.8,
1279 (d, J = 2.4 Hz), 126.4, 1245 (d, J = 1.6 Hz), 118.8, 118.5, 117.2, 115.8 (d, J =
2.4 Hz), 110.3, 97.1 (d, J = 17.8 Hz). HRMS (ESI): Calcd for C1sH10BrFN3 * m/z
366.0037 [M+H] *, found 366.0034.

4-(2-fluoropyrazolo[5,1-a]isoquinolin-1-yl)benzonitrile (3q)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 92 mg (64%); mp 148 - 150 <. 'H NMR (400 MHz, CDCls), é:
8.10 (d, J = 7.2 Hz, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.82 (d, J = 8.0 Hz, 2H), 7.76 (d, J
= 8.0 Hz, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.58 (t, J = 8.0 Hz, 1H), 7.41 (t, J = 7.2 Hz,
1H), 7.10 (d, J = 7.2 Hz, 1H). °F NMR (376 MHz, CDCls), 5: -131.81 (s). 3C NMR
(150 MHz, CDCls), §: 162.5 (d, J = 247.0 Hz), 135.4 (d, J = 3.3 Hz), 135.3, 132.6,
131.0, 129.7, 128.9, 127.9, 127.6, 126.2, 123.9 (d, J = 2.5 Hz), 123.1, 118.7, 112.6 (d,
J=2.4Hz), 1115, 97.5 (d, J = 20.1 Hz). HRMS (ESI): Calcd for C1sH10BrFNs * m/z
288.0932 [M+H] *, found 288.0935.
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2-fluoro-3-phenylpyrazolo[1,5-a]pyridine (4a)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
Orange oil; Yield = 61 mg (58%). 'H NMR (400 MHz, CDClIs), §: 8.30 (d, J = 6.8 Hz,
1H), 7.70 (d, J = 8.8 Hz, 1H), 7.60 (d, J = 8.0 Hz, 2H), 7.45 (t, J = 8.0 Hz, 2H), 7.31
(t, J = 7.2 Hz, 1H), 7.22 (t, J = 7.6 Hz, 1H), 6.80 (t, J = 6.8 Hz, 1H). °F NMR (376
MHz, CDCls), &: -130.22 (s). 3C NMR (150 MHz, CDCl3), &: 163.0 (d, J = 247.6 Hz),
138.5 (d, J = 1.6 Hz), 130.1 (d, J = 4.1 Hz), 129.0, 128.9, 127.5 (d, J = 2.1 Hz), 126.5,
125.17, 116.8 (d, J = 3.7 Hz), 111.9 (d, J = 2.8 Hz), 94.5 (d, J = 17.5 Hz). HRMS
(ESI): Calcd for C13H10FN2 * m/z 213.0823 [M+H] *, found 213.0822.

2-fluoro-3-(o-tolyl)pyrazolo[1,5-a]pyridine (4b)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
Orange oil; Yield = 34 mg (30%). 'H NMR (400 MHz, CDCls), §: 8.32 (d, J = 7.2 Hz,
1H), 7.32 - 7.29 (m, 5H), 7.18 - 7.14 (m, 1H), 6.80 (t, J = 8.4 Hz, 1H), 2.29 (s, 3H).
18F NMR (376 MHz, CDCl3), 6: -127.51 (s). 3C NMR (150 MHz, CDCls), 6: 162.8
(d, J = 247.0 Hz), 139.4 (d, J = 2.7 Hz), 137.7, 130.8, 130.6, 128.7, 128.5 (d, J = 3.0
Hz), 127.8, 125.8, 124.6, 116.8 (d, J = 3.9 Hz), 111.7 (d, J = 3.0 Hz), 94.1 (d, J = 21.0
Hz), 20.0. HRMS (ESI): Calcd for CisHiFN, * m/z 227.0979 [M+H] *, found
227.0978.
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2-fluoro-3-(2-methoxyphenyl)pyrazolo[1,5-a]pyridine (4c)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
Orange oil; Yield = 43 mg (36%). 'H NMR (400 MHz, CDCls), §: 8.27 (d, J = 7.2 Hz,
1H), 7.43 - 7.39 (m, 2H), 7.37 - 7.33 (m, 1H), 7.14 (t, J = 7.2 Hz, 1H), 7.06 (d, J = 7.6
Hz, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.76 (t, J = 6.8 Hz, 1H), 3.84 (s, 3H). °F NMR
(376 MHz, CDCl3), 6: -128.31 (s). 13C NMR (150 MHz, CDCls), 6: 163.2 (d, J =
247.6 Hz), 156.8, 139.3 (d, J = 2.1 Hz), 131.1 (d, J = 1.0 Hz), 128.7, 128.6, 124.2,
120.8, 118.5 (d, J = 3.7 Hz), 118.0 (d, J = 3.6 Hz), 111.5 (d, J = 2.7 Hz), 111.3, 91.1
(d, J = 19.2 Hz), 55.4. HRMS (ESI): Calcd for C14H12FN2O * m/z 243.0928 [M+H] *,
found 243.0929.

2-fluoro-3-(m-tolyl)pyrazolo[1,5-a]pyridine (4d)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
Orange oil; Yield = 72 mg (64%). *H NMR (400 MHz, CDCls), 6: 8.30 (d, J = 7.2 Hz,
1H), 7.70 (d, J = 8.8 Hz, 1H), 7.42- 7.34 (m, 3H), 7.24 -7.20 (m, 1H), 7.13 (d, J = 7.2
Hz, 1H), 6.80 (t, J = 6.8 Hz, 1H), 2.43 (s, 3H). °F NMR (376 MHz, CDCl3), &: -
130.17 (s). 3C NMR (150 MHz, CDCls), J: 163.0 (d, J = 247.8 Hz), 138.6, 138.5 (d,
J =18 Hz), 130.0 (d, J = 4.2 Hz), 129.0, 128.9, 128.3 (d, J = 1.9 Hz), 127.3, 125.0,
124.6 (d, J = 2.1 Hz), 116.9 (d, J = 3.6 Hz), 111.8 (d, J = 2.7 Hz), 94.6 (d, J = 17.4
Hz), 21.5. HRMS (ESI): Calcd for CisH12FN2 * m/z 227.0979 [M+H] *, found
227.0979.
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2-fluoro-3-(p-tolyl)pyrazolo[1,5-a]pyridine (4e)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
Orange oil; Yield = 96 mg (85%). 'H NMR (400 MHz, CDCls), §: 8.29 (d, J = 7.2 Hz,
1H), 7.68 (d, J = 9.2 Hz, 1H), 7.49 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 7.20
(t, J = 8.0 Hz, 1H), 6.79 (t, J = 7.2 Hz, 1H), 2.40 (s, 3H). °F NMR (376 MHz,
CDClg), §: -130.47 (s). 3C NMR (150 MHz, CDCls), 6: 162.9 (d, J = 247.6 Hz),
138.4 (d, J = 1.6 Hz), 136.3, 129.6, 128.9, 127.5 (d, J = 1.9 Hz), 127.1 (d, J = 4.2 Hz),
124.9,116.8 (d, J = 3.7 Hz), 111.8 (d, J = 2.8 Hz), 94.5 (d, J = 17.7 Hz), 21.2. HRMS
(ESI): Calcd for C14H12FN2 * m/z 227.0979 [M+H] *, found 227.0979.

3-([1,1'-biphenyl]-4-yI)-2-fluoropyrazolo[1,5-a]pyridine (4f)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 127 mg (88%); mp 114 - 116 <T. 'H NMR (400 MHz, CDCls), ¢:
8.30 (d, J = 7.2 Hz, 1H), 7.74 -7.63 (m, 7H), 7.45 (t, J = 7.6 Hz, 2H), 7.35 (t, J = 7.2
Hz, 1H), 7.23 (t, J = 8.0 Hz, 1H), 6.80 (t, J = 7.2 Hz, 1H). °F NMR (376 MHz,
CDCls), 6: -129.74 (s). 3C NMR (150 MHz, CDCls), &: 162.9 (d, J = 247.8 Hz),
141.4, 139.7, 135.4 (d, J = 4.5 Hz), 132.7, 132.4, 130.0, 129.2, 128.5, 127.5 (d, J =
2.5 Hz), 126.9, 119.0, 115.1 (d, J = 3.1 Hz), 113.6 (d, J = 2.7 Hz), 109.5, 93.3 (d, J =
17.2 Hz). HRMS (ESI): Calcd for CigHisFN2 * m/z 289.1136 [M+H] *, found
289.1136.
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3-(3-bromophenyl)-2-fluoropyrazolo[1,5-a]pyridine (4h)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
Orange oil; Yield = 75 mg (52%). 'H NMR (400 MHz, CDCls), §: 8.31 (d, J = 7.2 Hz,
1H), 7.74 (s, 1H), 7.69 (d, J = 9.2 Hz, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.43 (d, J = 8.0
Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.31 - 7.24 (m, 1H), 6.84 (t, J = 6.8 Hz, 1H). 1°F
NMR (376 MHz, CDCls), 6: -129.38 (s). 13C NMR (150 MHz, CDCls), 6:162.9 (d, J
= 248.4 Hz), 1385 (d, J = 1.2 Hz), 132.2 (d, J = 4.2 Hz), 130.4, 130.1 (d, J = 2.4 Hz),
129.4, 129.1, 126.0 (d, J = 2.2 Hz), 125.7, 123.0, 116.5 (d, J = 3.4 Hz), 112.2 (d, J =
2.7 Hz), 93.2 (d, J = 17.2 Hz). HRMS (ESI): Calcd for C13HoBrFN, * m/z 290.9928
[M+H] *, found 290.9918.

3-(4-bromophenyl)-2-fluoropyrazolo[1,5-a]pyridine (4i)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 99 mg (68%); mp 129 - 131 <. 'H NMR (400 MHz, CDCls), é:
8.31 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 8.8 Hz, 1H), 7.58 (d, J = 8.0 Hz, 2H), 7.47 (d, J
= 8.4 Hz, 2H), 7.26 (t, J = 7.2 Hz, 1H), 6.83 (t, J = 6.8 Hz, 1H). 19F NMR (376 MHz,
CDCls), 6: -129.75 (s). 3C NMR (150 MHz, CDCls), §: 162.9 (d, J = 247.9 Hz),
138.4 (d, J = 1.5 Hz), 132.1, 129.1 (d, J = 2.2 Hz), 129.1, 128.9 (d, J = 2.2 Hz), 125.6,
120.2, 116.5 (d, J = 3.4 Hz), 112.1 (d, J = 2.8 Hz), 93.5 (d, J = 17.4 Hz). HRMS
(ESI): Calcd for C13H9BrFN2 * m/z 290.9928 [M+H] +, found 290.9928.
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2-fluoro-3-(4-fluorophenyl)pyrazolo[1,5-a]pyridine (4j)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 83 mg (72%); mp 87 - 89 <T. *H NMR (400 MHz, CDCls), d:
8.31 (d, J = 6.8 Hz, 1H), 7.64 (d, J = 8.8 Hz, 1H), 7.56 (d, J = 5.2 Hz, 1H), 7.54 (d, J
= 5.2 Hz, 1H), 7.23 (d, J = 8.0 Hz, 1H), 7.16 (t, J = 8.8 Hz, 2H), 6.82 (t, J = 7.2 Hz,
1H). 1°F NMR (376 MHz, CDCl3), 8: -115.35 (m), -130.72 (s). 13C NMR (150 MHz,
CDCl3), 6: 162.8 (d, J = 247.3 Hz), 161.5 (d, J = 245.0 Hz), 138.4 (d, J = 1.5 Hz),
129.2 (dd, J =1.9 Hz, J = 7.8 Hz), 129.0, 126.1 (t, J = 3.7 Hz), 125.3, 116.5 (d, J =
3.6 Hz), 115.9 (d, J = 21.3 Hz), 112.0 (d, J = 2.7 Hz), 93.6 (d, J = 17.7 Hz). HRMS
(ESI): Calcd for C13HgF2N, * m/z 231.0728 [M+H] *, found 231.0729.

3-(4-chlorophenyl)-2-fluoropyrazolo[1,5-a]pyridine (4k)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 86 mg (70%); mp 133 - 135 <C. H NMR (400 MHz, CDCls), &
8.30 (d, J = 6.8 Hz, 1H), 7.64 (d, J = 9.2 Hz, 1H), 7.52 (d, J = 8.4 Hz, 2H), 7.42 (d, J
= 8.4 Hz, 2H), 7.26 - 7.22 (m, 1H), 6.82 (t, J = 6.8 Hz, 1H). 1°F NMR (376 MHz,
CDCl3), §: -129.88 (s). *C NMR (150 MHz, CDCls), &: 162.9 (d, J = 247.9 Hz2),
138.4 (d, J = 0.9 Hz), 132.2, 129.1, 129.1, 128.6, 128.6, 125.5, 116.5 (d, J = 3.6 Hz),
112.1 (d, J = 2.7 Hz), 93.4 (d, J = 17.5 Hz). HRMS (ESI): Calcd for C1sHoCIFN; *
m/z 247.0433 [M+H] *, found 247.0436.
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2-fluoro-3-(4-iodophenyl)pyrazolo[1,5-a]pyridine (41)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 84 mg (50%); mp 90 - 92 <. *H NMR (400 MHz, CDCls), d:
8.30 (d, J = 7.2 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 9.2 Hz, 1H), 7.33 (d, J
= 8.0 Hz, 2H), 7.17 (t, J = 7.6 Hz, 1H), 6.82 (t, J = 7.2 Hz, 1H). 1°F NMR (376 MHz,
CDClg), d: -129.54 (s). 3C NMR (150 MHz, CDCls), 6: 162.9 (d, J = 248.1 Hz),
138.3 (d, J = 1.3 Hz), 138.0, 129.7 (d, J = 4.2 Hz), 129.1 (d, J = 2.1 Hz), 125.6, 116.5
(d, J=3.6 Hz), 112.2 (d, J = 2.7 Hz), 93.5 (d, J = 17.4 Hz), 91.4. HRMS (ESI): Calcd
for C13HoFIN2 * m/z 338.9789 [M+H] *, found 338.9789.

3-(3,4-dimethylphenyl)-2-fluoropyrazolo[1,5-a]pyridine (4m)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 96 mg (80%); mp 61 - 62 <C. *H NMR (400 MHz, CDCls), ¢:
8.28 (d, J = 7.2 Hz, 1H), 7.67 (d, J = 9.2 Hz, 1H), 7.37 (s, 1H), 7.33 (d, J = 8.0 Hz,
1H), 7.25 - 7.17 (m, 2H), 6.78 (t, J = 7.2 Hz, 1H), 2.33 (s, 3H), 2.31 (s, 3H). °F
NMR (376 MHz, CDCls), 6: -130.45 (s). 13C NMR (150 MHz, CDCls), J: 162.9 (d, J
= 2475 Hz), 138.5 (d, J = 1.8 Hz), 137.2, 135.0, 130.2, 128.9, 128.8 (d, J = 2.1 Hz),
127.5 (d, J = 4.0 Hz), 125.0 (d, J = 1.9 Hz), 124.8, 116.9 (d, J = 3.7 Hz), 111.7 (d, J =
2.8 Hz), 94.5 (d, J = 17.7 Hz), 19.9, 19.5. HRMS (ESI): Calcd for C1sH14FN> * m/z
241.1136 [M+H] *, found 241.1136.
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3-(3,4-difluorophenyl)-2-fluoropyrazolo[1,5-a]pyridine (4n)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 68 mg (55%); mp 87 - 89 <T. *H NMR (400 MHz, CDCls), d:
8.32 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 8.8 Hz, 1H), 7.42 - 7.40 (m, 1H), 7.34 - 7.20 (m,
3H), 6.85 (t, J = 6.8 Hz, 1H). °F NMR (376 MHz, CDCls), &; -127.99 (s), -137.08
(m), -140.19 (m). *3C NMR (150 MHz, CDCl3), 6:162.8 (d, J = 247.6 Hz), 151.4 (d,
J =129 Hz), 149.7 (dd, J = 2.5 Hz, J = 12.6 Hz), 148.2 (d, J = 12.7 Hz), 138.4, 129.2,
127.1 (d, J = 6.9 Hz), 125.8, 123.5 - 123.4 (m), 117.8 (d, J = 17.4 Hz), 116.3 (t, J =
7.8 Hz), 112.2 (d, J = 2.8 Hz), 92.7 (d, J = 17.4 Hz). HRMS (ESI): Calcd for
Ci3HsFaN, * m/z 249.0634 [M+H] *, found 249.0625.

3-(5-bromo-2-methoxyphenyl)-2-fluoropyrazolo[1,5-a]pyridine (40)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 120 mg (75%); mp 81 - 83 <C. 'H NMR (600 MHz, CDCls), :
8.28 (d, J = 6.6 Hz, 1H), 7.52 (d, J = 3.0 Hz, 1H), 7.42 (dd, J = 2.4, J = 9.0 Hz, 1H),
7.38 (d, J = 9.0 Hz, 1H), 7.18 (t, J = 7.8 Hz, 1H), 6.88 (d, J = 9.0 Hz, 1H), 6.78 (t, J =
7.2 Hz, 1H), 3.82 (s, 3H). °F NMR (376 MHz, CDCls), &: -127.55 (s). 3C NMR
(150 MHz, CDCls), §: 163.0 (d, J = 248.1 Hz), 156.0, 139.3 (d, J = 1.8 Hz), 133.4 (d,
J =10 Hz), 131.2, 128.7, 124.7, 120.7 (d, J = 3.9 Hz), 117.7 (d, J = 3.6 Hz), 112.9,
112.8, 111.8 (d, J = 2.7 Hz), 89.9 (d, J = 19.2 Hz), 55.7. HRMS (ESI): Calcd for
C14H10BrFN2ONa * m/z 344.9832 [M+Na] *, found 344.9830.
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2-fluoro-3-(naphthalen-2-yl)pyrazolo[1,5-a]pyridine (4p)
Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
Yellow oil; Yield = 94 mg (72%). 'H NMR (600 MHz, CDClIs), §: 8.35 (d, J = 6.8 Hz,
1H), 7.92 - 7.80 (m, 3H), 7.61 - 7.41 (m, 4H), 7.25 (d, J = 8.8 Hz, 1H), 7.12 (t, J = 7.2
Hz, 1H), 6.79 (t, J = 6.8 Hz, 1H). °F NMR (376 MHz, CDCls), J: -128.55 (s). 13C
NMR (150 MHz, CDCls), ¢: 163.3 (d, J = 247.5 Hz), 140.0 (d, J = 2.1 Hz), 134.0,
132.0, 128.8, 128.5, 128.5, 128.3, 126.3, 126.0, 125.7 (d, J = 1.0 Hz), 125.5, 124.9,
122.4, 117.1 (d, J = 3.7 Hz), 111.9 (d, J = 2.8 Hz), 92.9 (d, J = 20.2 Hz). HRMS
(ESI): Calcd for C17H12FN2 * m/z 263.0979 [M+H] *, found 263.0980.

2-fluoro-3-(naphthalen-1-yl)pyrazolo[1,5-a]pyridine (4q)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
White solid; Yield = 84 mg (64%); mp 98 - 100 <C. 'H NMR (400 MHz, CDCls), ¢:
8.32 (d, J = 7.2 Hz, 1H), 8.02 (s, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.85 (t, J = 6.0 Hz,
2H), 7.78 (d, J = 8.8 Hz, 1H), 7.73 (d, J = 8.8 Hz, 1H), 7.52 - 7.45 (m, 2H), 7.26 -
7.22 (m, 1H), 6.81 (t, J = 7.2 Hz, 1H). 1F NMR (376 MHz, CDCl3), 5: -129.76 (s).
13C NMR (150 MHz, CDCls), §: 163.2 (d, J = 247.9 Hz), 138.7 (d, J = 1.6 Hz), 133.7,
132.0, 129.1, 128.6, 127.8, 127.7, 127.6 (d, J = 4.0 Hz), 126.4, 125.9 (d, J = 1.9 Hz),
125.8 (d, J = 2.1 Hz), 125.8, 125.3, 116.8 (d, J = 3.6 Hz), 112.0 (d, J = 2.8 Hz), 94.6
(d, J = 17.4 Hz). HRMS (ESI): Calcd for C17H12FN2 * m/z 263.0979 [M+H] *, found
263.0980.
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2-fluoro-3-(thiophen-2-yl)pyrazolo[1,5-a]pyridine (4r)

Purification by flash column chromatography on silica gel (EA/petroleum ether = 1:4),
Yellow oil; Yield = 57 mg (52%). 'H NMR (600 MHz, CDCls), §: 8.27 (d, J = 7.2 Hz,
1H), 7.77 (d, J = 9.0 Hz, 1H), 7.29 -7.28 (m, 2H), 7.26 (t, J = 8.4 Hz, 1H), 7.13 (t, J =
4.2 Hz, 1H), 6.81 (t, J = 6.6 Hz, 1H). °F NMR (376 MHz, CDCl3), J: -127.40 (s).
13C NMR (150 MHz, CDCl3), :162.5 (d, J = 248.5 Hz), 137.9 (d, J = 1.3 Hz), 131.1
(d, J =5.4 Hz), 128.9, 127.5, 125.4, 123.9 (d, J = 3.3 Hz), 123.1 (d, J = 1.5 Hz), 117.1
(d, J = 3.6 Hz), 112.1 (d, J = 2.7 Hz), 89.6 (d, J = 18.6 Hz). HRMS (ESI): Calcd for
C11HsFN2S * m/z 219.0387 [M+H] *, found 219.0390.
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6. NMR and HRMS spectra copies of compounds 3 and 4

NMR copies of compound 3a:
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HRMS (ESI) copy of compound 3a:
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NMR copies of compound 3b:
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NMR copies of compound 3c:
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NMR copies of compound 3d
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NMR copies of compound 3g:
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NMR copies of compound 3h
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NMR copies of compound 3i
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NMR copies of compound 3;j:
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NMR copies of compound 3n:
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NMR copies of compound 3o:
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NMR copies of compound 3p:
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NMR copies of compound 3q
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NMR copies of compound 4a

€829
rog'
2199
10Z'L
1L
8ETL
1822
9052
vzl
e
S
£8Y'L
€654
2191
1894
80247
162°
g0e8”

"H NMR, 400 MHz, CDCl3

00}
Hkﬁno.ﬁ

00'L
»¥0'Z
6671
r:uo.r
=160

e

1 (ppm)

£82°9~,
108°9—
889"

V0T L,
81T L~
8ET L
18T i~
90€°L
vees”

Vit
£oF'L—
geF L

€65°L~
€leL

1897, ~
60L°L

1628~
80€'8"

"H NMR, 400 MHz, CDCl3

%voo.f

%—m.o

1 o)

104



—-130.217

A NN,

N

S~

19F NMR 376MHz, CDCl,

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
40 30 20 10 0 -0 -200 30 -40 -30 60 70 -BO 90 -100 -110 120 -130 -140 -160 -160 170 -180 -190 200 -210
1 (ppm)

MO OODNNTNDLOOW®HO

5= hE-=383NE-REH58E
Gl BOCSSBONNON GO — 2
Ce NONORNNNNNNCC T TS T
R L e

AN

N={
F

13C NMR, 150 MHz, CDCl5

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 i 60 Al 10 30
1 {(ppm)

105



» w0 [=)] © 0

-0 sy Sg %N o © 88 %2
@0 T oo Y0 < P o o
© Q9 o ~r~ © wn =
e Rs] M AN NN o o~ ee ==
- - rr = - — -+ -+
&~ NN N I ~ N~

13C NMR, 150 MHz, CDCl5

|

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
138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120 118 118 117 116 115 114 113 112

HRMS (ESI) copy of compound 4a:

5
213.0822 NL:
1003 1.62E6
] FENGYANG-F-5#1
8 80 RT:0.00 AV:1T:
& A FTMS +p ESI Full
2 g0d Jock ms
§ 1 [50.0000-750.0000]
2 40
R 213.1022
¢ 20 2130600
7 2129724 213.1099 213.1456
=3 A
. og— 213.0823 NL:
] 8.62E5
] C13Ho FNp +H:
80 C1aH1woF1N2
] pa Chrg 1
60
40
20
0 1 T | T T T T T T T T T T T T T T T T T T T T T
212.95 213.00 213.05 213.10 213.15 21320

106



NMR copies of compound 4b
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NMR copies of compound 4c
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HRMS (ESI) copy of compound 4c:
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NMR copies of compound 4d
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HRM

S (ESI) copy of compound 4d:
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NMR copies of compound 4e

10/ 7

0LL8
1829
S08'9
sel'L
S0l
see'l
1921
L8T°L
ser' L
S0s'.
G99/
mwm.hw
rec's
Nom.mv

A~ -N
S>—F
CHs

H NMR 400MHz, CDCl5

S

=00¢

060
60
90'¢g

=09

260

=790

6
1 (ppm)

0449~
1819—
508'9"

S8l L~
S0z .L—
SzT L
L9T.L—
18717

S8b' L~
S0 L

S99 L~
889/ —

88~
e

E
CHs

H NMR 400MHz, CDCl5

Tm.o- «
b

PEO[

0¢| .

%m@ﬁ-m
ﬁmmo

%Nm.oum

1 (ppm)

118



~N
2 \| 2
N Sl

CH;
19F NMR 376MHz, CDCl,

—-130.467

T T T T T
10 0 -0 =200 =300 -0 -0

T T T
-60 =70 -80

T T T T T T T T T
=90 -1000 -110 -1200 -130 -140 -150 -160 -1%0

T T T T
-180 -190 -200 -210

10 30
1 Cppm)
oo~ Mmoo m
QEWMQQEQmwmmgﬂgggm @
R ITNOOITYIC0RRnRon T 2
O BB OBOINIINN 60— 0 -
WW OO NDNNANNANNN — — — — S o —
T TrTTTIEIETSECSCT TSI e 00 o~
N N N R I
Z~N-N
»—F
B A
CH3
13C NMR 150MHz, CDCly
‘\
1] ‘ .
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
230 220 210 200 190 180 190 160 150 140 130 120 110 100 90 80 70 60 50 40 @0 20 10 0 -0

1 (ppm)

119



oo M~ N—MOoO0WO o 0 ™ 0 ©
0o @ NOOWOO o A = © © 3e
<% o CHITTOo @  © ~ s 8y
23 8 TERRNS & Lo pafh < <
-~ ~ R e e e ~ - - oo
~ | S N ~ N7
Z~N-N
T —
CH3
13C NMR 150MHz, CDCly
il
I N \ s i
b ' : ot -
T T T T T T T T T T T T T T T T T T T T T T
138 136 134 132 130 128 126 124 122 120 118 116 111 112 110 108 106 104 102 100 98 96 91
1 (ppm)
o m M~ Mmowo [}
oM © a0 0883 © _2 @ 8
~ < N © @ TITOO L © N~
23 8 2 8 KRR 3 ee e
oo o oo Moo o hah cT
p | I I [ ' N
N
N~ .
T —
CH3
13C NMR 150MHz, CDCly
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
138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112 111
1 (ppm)

120



HRMS (ESI) copy of compound 4e:
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NMR copies of compound 4f:
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HRMS (ESI) copy of compound 4g:

Relative Abundance

290.9931

290.9928

| BARA BB R RS FRAA B 0N KSR B0 RN P BN ki AT pRAS 2o BT
290.7 290.8 290.9 291.0

P R
2911

TEE] ool
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NL:
1.85E5
FENGYANG-F-5#10
RT:0.04 AV:1T:

FTMS +p ESI Full
lock ms
[50.0000-750.0000]

NL:
4 37E5

C13HgBrFN2 +H:
C13HgBri1F1N2
pa Chrg 1
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NMR copies of compound 4h
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HRMS (ESI) copy of compound 4h:

“ENGYANG-F-2 #215-281 RT: 0.50-0.65 AV: 67 NL: 5.21E7
T: FTMS + p ESI Full ms [50.0000-750.0000]

290.9918
C13Ha N2 Br F = 200.9928
100 -3.3679 ppm
292.9897
90
80
8 70
=
S 60
=4
=1
2 50
g
& 40 290.2680
x 30
20 291.0953 293.9932
10 291.2717
287.3134 288.2889 289.0549 292.2743 | 293.2087 294.9189 296.2555 297.0815
G||||||||||||||||||||||||||||||||||||||||||||||||||||||
287 288 289 290 291 292 293 294 295 296 297
miz
FENGYANG-F-2#215-281 RT: 0.50-0.65 AV: 67
T: FTMS + p ESI Full ms [50.0000-750.0000]
n/z= 289.3336-300.5581
m/z Intensity Relative Theo. Delta Composition
Mass (ppm)
290.2680 17796842.0 34.18
290.9918 52073392.0 100.00 290.9928 -0.98 C13HEgNzBrF
291.9953  7154697.5 13.74
292.9897 49834656.0 95.70
290.9918 NL:
C13Hg N2 Br F = 290.9928 521E7
-3.3679 ppm FENGYANG-F-2#215-
g 100 292.9897 281 RT:0.50-0.65
£ 80 AV:B67 T:FTMS +p
o 291.2717 203.2087 ESI Full ms
5 60 / [50.0000-750.0000]
"; 40 290.2680 | /
T 20 | 291.9953 | 293.9932
& 287.0187 288.2889 289.0549 { | 294.9189  296.2555
290.9928 NL:
C 3 Hg N2 Br F = 290.9928 4.37E5
100 0.0000 ppm 292.9907 C1aHgFN2 Br:
CiaHg Fy1 N2 Bry
80 pa Chrg 1
60
40
20 291.9961 293.9941
. | 204.9974 296,0008 297.0041
N T B B T B S T S LA B B B AT A A e b e
293 295 29 297

mir
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NMR copies of compound 4i
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—-129.751

19F NMR 376 MHz , CDCl,
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-

Br

— N’N\

[

_-163.694
~-162.041

|

Br

T T
-0 a0

138.388
138.378
132.064
129.125
129.107

3¢ NMR 150MHz, CDCl,

129.078
128.944
128.928
125,570

120.210

T T T T T T T T T T T T T T
-80  -90  -1000 -110 -120 -I30 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)
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T
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T
190

T
180

T
170

T
160

T
150

T
110

T
130

T
120

T
110
1 (ppm)

T
100

90

T
80

T
70

T
20

T
10

T
0

T
-10

131



0 <t WM~O ST O o o 0w <t
0 M~ w0 NDP-—gN N~ b ) — mn o™ [ Nw]
@ S —=oda 1 o w0 vl =
23 o g3338 X & g oo e
~— | i | | 7 ~ —
/ ’N
N7\
\ ——
Br
3¢ NMR 150MHz, CDCl,

T T T T T T T T T T T T T T T T T T T
138 136 134 13 130 128 126 121 122 120 118 116 114 112 110 108 106 101 102 100 98 96 91

32
1 (ppm)

© o < NSO o o
0~ © Nor o [ = R0 38
29 o TTo90 0 o™ i ln ==
w o o @ M oW o %] [=1
o) © NN NN N o ~ ee oy
- -~ e - - — —
N~ I s | | ~ ~

— N’N

N\
. —

Br
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HRMS (ESI) copy of compound 4i:

FENGYANG-F-1 #20-99 RT: 0.09-0.44 AV: 80 NL: 1.06E8
T: FTMS + p ESI Full lock ms [50.0000-750.0000]

290.9928
C13Hg N2 Br F = 290.9928
_ 0.0375 ppm
1003 292.9907
90
80
g 70
c =
603
—] =i
< 503
% 403
© 7
= 30 302.3054
203
3 293.9940
103 290.2090 301.1411 | 303.3088
42790933 2822040 2842198 286,3104 2882898 , 2982561 999118 | i
G|||||||\|\|\‘||||||||'|||||||||||||||\|\'|\|||||||
280 282 284 286 288 290 292 294 296 298 300 302
m/z
FENGYANG-F-1#20-99 RT: 0.09-0.44 AV: 80
T: FTMS + p ESI Full lock ms [50.0000-750.0000]
m/z= 278.2546-303.9316
m/z Intensity Relative Theo. Delta Composition
Mass (ppm)
290.9928 106855304.0 100.00 290.9928 0.01 Ci3HsN2Br F
291.9961  14480088.0 13.55
292.9907 102131216.0 95.58
302.3054 26627254.0 24.92
290.9928 NL:
CiaHe N2 Br F = 290.9928 1.06E8
0.0375 ppm FENGYANG-F-1#20-
g 1007 99 RT:0.09-0.44 AV:
£ gol 80 T: FTMS + p ESI
z J Full lock ms
5 607 [50.0000-750.0000]
< 3
40
2 302.3054
3 209 293.9940
€ ,1279.0933 282.2040 284.2198 20026801 [ 296.2561 301.1411
290.9928 NL:
C1aHg N3 Br F = 290.9928 4.37E5
100— 0.0000 ppm CiaHgFN2 Br:
= CiaHgF1N2Bry
804 pa Chrg 1
607
409
203 293.9841
o | [294.9974 2970041
T T T P P T T T e e e e T e S P e e
280 285 290 295 300
miz
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NMR copies of compound 4j:
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©
231.0729 NL:
100 221E6
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g " 1 FTMS +p ESI Ful
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NMR copies of compound 4k
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NMR copies of compound 4l
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NMR copies of compound 4m
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HRMS (ESI) copy of compound 4m:

FENGYANG-F-4 #1 RT: 0.00 AV: 1 NL: 2.48E8
T: FTMS + p ESI Full lock ms [50.0000-750.0000]

241.1136
CisHia Nz F=241.1136
100 0.2010 ppm
90
80
8 70
c
g 60
£ 50
g
3 40
& 30 274.2740
20
237.0435 272.3583
10 218.2115 246.2428 263.0955 302.3053
1804306  203.1043 | 227.0079 \ ot Lo\ |F78#899 2002689
0 |rl1]rr|1|rlll||||1|['|1|'r|11|'r||'1rr|1|r|||If'||]|r|'1|r|11||r|1|['|'||||
190 200 210 220 230 240 250 260 270 280 290 310
mfz
FENGYANG-F-4#1 RT: 0.00
T: FTMS + p ESI Full lock ms [50.0000-750.0000]
m/z= 180.4845-310.9690
m/z Intensity Relative Theo. Delta Composition
Mass (ppm)
241.1136 249920704.0 100.00 241.1136 0.05 CisH14 Nz F
242.1169 40768068.0 16.31
274.2740 71721320.0 28.70
302.3053 154074659.0 6.16
2411136 NL:
CisHqg N2 F =241.1136 248E8
0.2010 ppm FENGYANG-F-4#1
gl RT:0.00 AV:1T:
c FTMS + p ESI Full
‘g lock ms
é [50.0000-750.0000]
2 274.2740
=
] 189.1306 203.1043 213.[2115 227.0979 24|6_.?423 263;9955 290.2689 302.;3»053
0 2411136 NL:
CisHqg N2 F =241.1136 8.43E5
1 -0.0000 ppm Cis H1a FNz:
CisHiaF1N2
pa Chrg 1
245.1270
0 T T T T T T T T T T T T T T T T T T T T T T T T
200 220 240 2860 280 300
miz
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NMR copies of compound 4n
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HRMS (ESI) copy of compound 4n:

FENGYANG-F-2 #211-261 RT: 0.49-0.61 AV: 51 NL: 4.78E8
T: FTMS + p ESI Full ms [50.0000-750.0000]

249.0625
CiaHg N2 Fa=249.0634
100_: -3.7037 ppm
904
80
g 707
c 3
< 603
5
< 509 227.0970
2 407
. E
® 309 2742728
20; 318.2990
E 229.1040 251.0672 290.9915 313.2724
10 218.2107 /" 246.2419 | 062.0366 302.3041 |
1 189.1298 202.1907 | |/ ] 1 L [1279.0019 |H L, . | 3903358
0 T T T T T T T T T T T T T T T T T T T T 1 T T T T T T T 1 T
200 220 240 260 280 300 320
m/z
FENGYANG-F-2#211-261 RT: 0.49-0.61 AV: 51
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 186.6083-339.2328
m/z Intensity Relative Theo. Delta Composition
Mass (ppm)
227.0970 2313121%2.0 48.16
249.0625 480347%36.0 100.00 249.0634 -0.92 C13HagNz2F3
274.2728 127533264.0 26.55
318.2990 100580936.0 20.94
249.0625 NL:
CiaHg N2 F3=249.0634 4.78E8
-3.7037 ppm FENGYANG-F-2#211-
g 100 261 RT: 0.49-0.81
c = AV: 51 T: FTMS + p
a 80
2 3 251.0672 ESI Full ms
5 60 297 0970 [50.0000-750.0000]
e 7 ) /
40—
2 | 2742728 318.2090
3 207 218.2107 246.2419 |/ 2909915 345 3041
g " d1se1200 z 2419/ 262.2366 1 2. 330.3353
7490634 NL:
C13Hg N3 Fa=249.0634 8.62E5
100 0.0000 ppm CiaHgF3Nz
] CizsHgF3aN2
80 pa Chrg 1
603
404
204
e | 253.0768
T T | LA | DL T LI B B | T LI | LI L T LI N B T
200 220 240 260 280 300 320
m/z
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NMR copies of compound 4p
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NMR copies of compound 4q
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NMR copies of compound 4r
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7. Crystallography data of compound 3c

Crystallographic data for compound 3c (CCDC-2300843) has been deposited
with the Cambridge Crystallographic Data Centre, Copies of the data can be obtained,
free of charge, by application to CCDC (Email:deposit@ccdc.cam.ac.uk).

Datablock: 1

Bond precision: C-C = 0.0022 A Wavelength=0.71073

Cell: a=27.7164(13) b=7.2580(3) c=17.6388(7)
alpha=90 beta=118.023(1) gamma=90

Temperature: 298 K
Calculated Reported

Volume 3132.3(2) 3132.3(2)

Space group C 2/c c12/c1

Hall group -C 2yc -C 2yc

Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
FO0O0

F000’

h,k, lmax
Nref

Tmin, Tmax
Tmin’

Correction method= # Reported T Limits:

C20 H12 F N3
C20 H12 F N3
313.33

1.329

8

0.089

1296.0
1296.54
36,9,23

3906
0.990,0.994
0.986

AbsCorr = MULTI-SCAN

Data completeness= 0.996

R(reflections)= 0.0459( 2411)

S =1.027

Npar= 217

C20 H1Z F N3
C20 Hl12 F N3
313.33

1.329

8

0.089

1296.0

36,9,23
3890
0.711,0.746

Tmin=0.711 Tmax=0.746

Theta (max)= 28.291

wR2 (reflections) =
0.1171( 3890)
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8. The electron cloud density of two unsaturated carbons of

(2,2-difluorovinyl)benzene:

@ G1:M8:V1 - Display Charge Distribution

Atomic Charges

Type:

Color Range: to
[
Show Numbers

[Jcolor Atoms by Charge

Symmetric Color Range

[JFixed Color Range (from Preferences)

Dipole Moment (Debye)

Magnitude: 1. 6259

Vector: =1..2796 0. 8530
[] Show Vector Scale: .

Origin: Default |

| Close ll Cancel H Help
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