Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2020

Supporting Information for

Copper-mediated oxidative [3+2]-annulation of nitralkenes and pyridinium imines:
efficient synthesis of 3-fluoro- and 3-nitro-pyrazéo[1,5-a]pyridines.

Vladimir Motornov®® Andrey A. Tabolin? Yulia V. Nelyubina® Valentine G. Nenajdenkb,
Sema L. loffé

& N. D. Zelinsky Ingtitute of Organic Chemistry, Russian Academy of Sciences, Leninsky prosp. 47,
Moscow, 119991, Russia. E-mail: tabolin87@mail.ru

®Higher Chemical College, D. |. Mendeleev University of Chemical Technology of Russia, Miusskaya q.
9, Moscow 125047, Russia.

¢ A. N. Nesmeyanov Ingtitute of Organoelement Compounds, Russian Academy of Sciences, Vavilov str.
28, Moscow, 119991, Russa.

9 Department of Chemistry, M. V. Lomonosov Moscow State University, Leninskie Gory 1, Moscow
119991, Russia.



List of starting nitroalkenes and azinium salts.
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2-(4-Bromophenyl)-3-fluoro-pyrazolo[1,5-a]pyridine 3b

Brl

General view of the compourd in representation of atonvsa thermal
ellipsoids at 50% probability level.

Crystals of3b (Cy3H16N4O2, M = 260.30) are monoclinic, space group/B2at 120 K: a =
18.5420(12), b = 4.0333(3), ¢ = 22.2351(15)pAs 138.9436(10)°, V = 1092.17(13PAz = 4
(Z° = 1), e = 1.770 gent, p(MoKa) = 37.52cm™, F(000) = 576. Intensities of 23407
reflections were measured with a Bruker APEX2 DUQDCdiffractometer A(MoKa) =
0.71073 A,w-scans, 8<58], and 2911 independent reflectionsi,[R= 0.0411] were used in
further refinement. Using OlexX3 the structure was solved with the Shet¥Btructure solution
program using Intrinsic Phasing and refined with thlex2.refine” refinement package using
Gauss-Newton minimisatictit Positions of hydrogen atoms were calculated, @y tvere
refined in the isotropic approximation within thieling model. The refinement converged to
wR2 = 0.0573 and GOF = 1.021 for all the independeitections (R1 = 0.0228 was calculated
against F for 2551 observed reflections with dfl). CCDC 1969138 contains the
supplementary crystallographic information 8tr.

2-(4-Bromophenyl)-3-fluoro-pyrazolo[1,5-a]pyridazine 1&

= N

\N/N\N

General view of the compountiOc in representation of atomga
thermal ellipsoids at 50% probability level.

X-ray diffraction data fodO were collected at 100K on a Bruker Quest D8 ditiveneter
equipped with a Photon-lll area-detector (graphi@nochromatorgp- and @-scan technique),
using Mo Ks-radiation (0.71073 A). The intensity data weregrated by the SAINT prograh
and were corrected for absorption and decay us&igABS.*® The structure was solved by
direct methods using SHELX&**and were refined on’Rising SHELXL-2018°°All non-
hydrogen atoms were refined with individual anigpic displacement parameters. Positions of
all hydrogen atoms were found from the electronsdgsdifference map, these atoms were
refined with individual isotropic displacement paeters The SHELXTL program suité’ was
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used for molecular graphics. CCDC 1969358 contaires supplementary crystallographic
information for10c.
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Copies of'H, *C and'*F NMR spectra

2-(4-Chlorophenyl)-3-fluoro-pyrazolo[1,5-a]pyridine 3a

'H NMR
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13C NMR
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'H-BC HSQC
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¥ NMR
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2-(4-Bromophenyl)-3-fluoro-pyrazolo[1,5-a]pyridine 3b

'H NMR
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13C NMR
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¥ NMR
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2-(4-Fluorophenyl)-3-fluoro-pyrazolo[1,5-a]pyridine 3¢

'H NMR
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13C NMR
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¥ NMR

rz:. 9
3 : @
- | |
F
N:-.,_H
|
T
[ } =
— —
T T ] 1 1 L 1 T T ] T 1 T L T 1 1 T T L] T 1 1 T ¥ T 1 1] T T i T 1
180 150 140 130 100 20 40 20 =20 =40 S0 50 -1 -120 140 -16D -18D -2DD -2 D XD 23D

14



2-(4-Methylphenyl)-3-fluoro-pyrazolo[1,5-a]pyridine 3d
'H NMR
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13C NMR
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¥ NMR
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2-(4-(Methyloxycarbonyl)phenyl)-3-fluoro-pyrazolo[1,5-a]pyridine 3e

'H NMR
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13C NMR
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2-(4-(Trifluoromethyl)phenyl)-3-fluoro-pyrazolo[1,5-a]pyridine 3f

'H NMR
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13C NMR
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F NMR
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2-(4-Methoxyphenyl)-3-fluoro-pyrazolo[1,5-a]pyridine 3g
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13C NMR
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¥ NMR
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2-(3,4-Dimethoxyphenyl)-3-fluoro-pyrazolo[1,5-a]pyidine 3h

'H NMR
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13C NMR
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¥ NMR
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2-(3-Methoxyphenyl)-3-fluoro-pyrazolo[1,5-a]pyridine 3i

'H NMR
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13C NMR
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'H-BC HSQC
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H-Bc HMBC
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¥ NMR
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2-(2-Chlorophenyl)-3-fluoro-pyrazolo[1,5-a]pyridine 3]
'H NMR
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13C NMR
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¥ NMR
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2-(4-Bromophenyl)-3-fluoro-5-methyl-pyrazolo[1,5-apyridine 3k

'H NMR
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13C NMR
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Ethyl 2-(4-bromophenyl)-3-fluoropyrazolo[1,5-a]pyridine-5-carboxylate 3l

'H NMR
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13C NMR
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'H-¥%c HSQC
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2-(4-Bromophenyl)-5-(1,3-dioxolan-2-yl)-3-fluoropyeazolo[1,5-a]pyridine 3m

'H NMR
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13C NMR
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'H-"C HSQC
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4-Bromo-2-(4-bromophenyl)-3-fluoropyrazolo[1,5-a]pyidine 3n
'H NMR (CDCL, 300 K)
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'H NMR (DMSO-d;, 363 K)
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¥C NMR (DMSO-g, 363 K)
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% NMR (CDC}, 300K)
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F NMR (DMSO-¢, 363K)
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2-(4-Bromophenyl)-4-methyl-3-fluoro-pyrazolo[1,5-apyridine 30 and 2-(4-bromophenyl)-6-methyl-3-fluorepyrazolo[1,5-a]pyridine 30’ (3:1 mixture)

'H NMR
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13C NMR
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'H-BC HSQC
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F NMR
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Methyl 2-(4-bromophenyl)-3-fluoropyrazolo[1,5-a]pyridine-6-carboxylate 3p

'H NMR
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13C NMR
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¥ NMR
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Methyl 2-(4-bromophenyl)-3-fluoropyrazolo[1,5-a]pyridine-4-carboxylate 3p’ and methyl 2-(4-bromopheny}k3-nitropyrazolo[1,5-a]pyridine-6-carboxylate
5g (mixture 3p’: 5g = 1:1.8)

'H NMR
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13C NMR
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'H-'H cosy
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H-Bc HMBC
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¥ NMR
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2-(4-Chlorophenyl)-3-nitro-pyrazolo[1,5-a]pyridine 5a

'H NMR
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2-Phenyl-3-nitro-pyrazolo[1,5-a]pyridine 5b

'H NMR
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2-(4-Methoxyphenyl)-3-nitro-pyrazolo[1,5-a]pyridine 5¢

'H NMR
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2-(2-Phenylethyl)-3-nitro-pyrazolo[1,5-a]pyridine 5

'H NMR
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13C NMR
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'H-¥%c HSQC
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H-Bc HMBC
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3-Nitro-pyrazolo[1,5-a]pyridine 5e

H NMR
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'H-¥%c HSQC
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H-Bc HMBC
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2-Phenyl-3-nitro-4-methyl-pyrazolo[1,5-a]pyridine § and 2-phenyl-3-nitro-6-methyl-pyrazolo[1,5-a]pyridine 5f' (4:1 mixture)
'H NMR
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'H-BC HSQC
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H-Bc HMBC
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2-Phenyl-3-nitro-4-methyl-pyrazolo[1,5-a]pyridine F (after crystalization)
'H NMR
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Methyl 2-(4-bromophenyl)-3-nitropyrazolo[1,5-a]pyridine-6-carboxylate 5¢(see also above its mixture wisp’)

'H NMR
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Methyl 3-nitro-2-phenylpyrazolo[1,5-a]pyridine-6-carboxylate 5h

'H NMR
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13C NMR
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Methyl 2-(4-bromophenyl)pyrazolo[1,5-a]pyridine-6-arboxylate 6a

'H NMR
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13C NMR
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'H-¥%c HSQC
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H-Bc HMBC
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Methyl 2-phenylpyrazolo[1,5-a]pyridine-6-carboxylate 6b

'H NMR
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3-Chloro-2-(4-methoxyphenyl)-pyrazolo[1,5-a]pyridire 8

'H NMR
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13C NMR
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'H-¥%c HSQC
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H-Bc HMBC

A\
\

N \
N CH,

w_

)

<

0
1 0 il o a
0a
00
n[‘l
K

Lo M

A,

&
Uy

I=S

AR
I’\
U
|
f)
Ao
o :
7.2 7.0

100

110

120

130

140

150

160

170

180




2-(4-Bromophenyl)-3-fluoro-pyrazolo[1,5-a]pyrazinelOa
'H NMR
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13C NMR
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'H-¥%c HSQC
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¥ NMR
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3-Fluoro-2-(4-methoxyphenyl)pyrazolo[1,5-a]pyrazinelOb

'H NMR
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13C NMR
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2-(4-Bromophenyl)-3-fluoro-pyrazolo[1,5-a]pyridazine 10c

H NMR
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13C NMR
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'H-¥%c HSQC
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¥ NMR

F :
= I
Br
M—’JMN [
e R R A LAV o o AP A L Tl b b b oy o8 e w o i it Mw R b 1 WS

B T L] T T i T L LEm— g ¥ T . T T o Fia L] ¥ T T T ] ¥ T T T ¥ T T i
I 16 14Dd 1 100 8D &l 40 20 0 -2 40 &80 B0 100 - -140  -160 180 -20 -2X -240 -2XB0  -280

114



3-Fluoro-2-(4-methoxyphenyl)pyrazolo[1,5-b]pyridazihe 10d

'H NMR
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13C NMR
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'H-¥%c HSQC
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H-Bc HMBC
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3-Fluoro-2-(4-fluorophenyl)pyrazolo[1,5-b]pyridazine 10e
'H NMR
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13C NMR
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'H-¥%c HSQC
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H-Bc HMBC
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2-(4-Methoxyphenyl)-3-nitro-pyrazolo[1,5-a]pyrazinella
'H NMR
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13C NMR
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'H-BC HSQC
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3-Nitro-2-(2-phenylethyl)pyrazolo[1,5-a]pyrazine 1b

'H NMR
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13C NMR
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'H-¥%c HSQC
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H-Bc HMBC
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3-Nitro-2-phenylpyrazolo[1,5-b]pyridazine 11c

'H NMR
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13C NMR
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'H-¥%c HSQC
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3-Nitro-2-phenethylpyrazolo[1,5-b]pyridazine 11d

'H NMR
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13C NMR
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'H-¥%c HSQC
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H-Bc HMBC
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