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Crystallographic data

Crystallographic data for diethyl (2,7-diphenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate
(3d). Formula C23H19N203P (without solvent), M = 402.37, triclinic, space group P-1, a =
7.7535(4), b = 10.9029(7), ¢ = 14.0556(9) A, o = 94.892(3), = 97.428(3), y = 103.153(3)S V
1139.19(12) A3, Z = 2, Deac = 1.173 gem?3, p = 0.144 mm™, min/max transmission
0.8816/0.9391, Omax = 26.1< measured 21669, unique 4514 (Rint = 0.0467), observed [lo > 206(1)]
3004 reflections, Ry = 0.0481 (lo), wR2 = 0.1339 (all), Gof = 1.023, Apmax = 0.32, Apmin = -0.31
e A. CCDC 2001188.

Crystallographic data for diethyl (2-phenoxy[1,5-a]pyridin-3-yl)phosphonate (5u). Formula
C17H19N204P, M = 346.31,monoclinic space group P21/n, a = 9.9416(5), b = 12.9865(5), ¢ =
13.7882(8) A, p = 92.659(2), V = 1778.23(15) A3, Z = 4, Dcalc = 1.294 g €m-3, u = 0.177 mm-
1, min/max transmission = 0.756/0.801, 6max = 27.2< measured 23274, unique 3933 (Rint =
0.047), observed [lo > 2o(1)] 3185 reflections, R1 = 0.071 (lo), wR2 = 0.211 (all), Gof = 1.05,
Apmax = 0.51, Apmin = -0.50 e A-3. CCDC 2122366.

Figure S1. Crystal structures of pyrazolopyridines 3d (A) and 5u (B)
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Copies of NMR spectra.

Diethyl (2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3a) *H NMR.
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Diethyl (2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3a) 1*C NMR.
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Diethyl (2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3a) 3'P NMR.
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Diethyl (5-methyl-2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3b) *H NMR.
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Diethyl (5-methyl-2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3b) 13C NMR.
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Diethyl (5-methyl-2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3b) *H NMR.
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Diethyl (7-methyl-2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3c) *H NMR
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Diethyl (7-methyl-2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3c) 3C NMR
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Diethyl (7-methyl-2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3c) 3P NMR
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Diethyl (2,7-diphenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3d) H NMR.
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Diethyl (2,7-diphenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3d) 1*C NMR.
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Diethyl (2,7-diphenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3d) 3P NMR.
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Ethyl 3-(diethoxyphosphoryl)-2-phenylpyrazolo[1,5-a]pyridine-5-carboxylate *H NMR (3e).
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Ethyl 3-(diethoxyphosphoryl)-2-phenylpyrazolo[1,5-a]pyridine-5-carboxylate 3C NMR (3e).
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Ethyl 3-(diethoxyphosphoryl)-2-phenylpyrazolo[1,5-a]pyridine-5-carboxylate P NMR (3e).
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Diethyl (5-methoxy-2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3f) *H NMR.
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Diethyl (5-methoxy-2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3f) 3C NMR.
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Diethyl (5-methoxy-2-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3f) 3'P NMR.
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Diethyl (2-butylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3g) 'H NMR.
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Diethyl (2-butylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3g) **C NMR.
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Diethyl (2-butylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3g) 3P NMR.
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Diethyl (2-tert-butylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3h) *H NMR.
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Diethyl (2-tert-butylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3h) 13C NMR.
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Diethyl (2-tert-butylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (3h) 3P NMR.
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Diethyl (2-cyclopropylpyrazolo[1,5-a]pyridin-3-yl)phosphonate *H NMR(3i).
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Diethyl (2-cyclopropylpyrazolo[1,5-a]pyridin-3-yl)phosphonate 3C NMR(3i).
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Diethyl (2-cyclopropylpyrazolo[1,5-a]pyridin-3-yl)phosphonate 3P NMR(3i).
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Diethyl (2-methyl[1,5-a]pyridin-3-yl)phosphonate *H NMR (3)).
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Diethyl (2-methyl[1,5-a]pyridin-3-yl)phosphonate 3C NMR (3j).
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Diethyl (2-methyl[1,5-a]pyridin-3-yl)phosphonate 3P NMR (3j).
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Diethyl (2-(2-hydroxypropan-2-yl)pyrazolo[1,5-a]pyridin-3-yl)phosphonate *H NMR (3k).
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Diethyl (2-(2-hydroxypropan-2-yl)pyrazolo[1,5-a]pyridin-3-yl)phosphonate *C NMR (3Kk).
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Diethyl (2-(2-hydroxypropan-2-yl)pyrazolo[1,5-a]pyridin-3-yl)phosphonate 3P NMR (3Kk).
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Diethyl (2-(1-hydroxycyclohexyl)pyrazolo[1,5-a]pyridin-3-yl)phosphonate *H NMR (3l).
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Diethyl (2-(1-hydroxycyclohexyl)pyrazolo[1,5-a]pyridin-3-yl)phosphonate 3C NMR (3I).
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Diethyl (2-(1-hydroxycyclohexyl)pyrazolo[1,5-a]pyridin-3-yl)phosphonate 3P NMR (3l).
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Tetraethyl pyrazolo[1,5-a]pyridine-2,3-diylbis(phosphonate) (5a) *H NMR.
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Tetraethyl pyrazolo[1,5-a]pyridine-2,3-diylbis(phosphonate) (5a) 13C NMR
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Tetraethyl pyrazolo[1,5-a]pyridine-2,3-diylbis(phosphonate) (5a) 3P NMR.
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Tetraethyl (5-methylpyrazolo[1,5-a]pyridine-2,3-diyl)bis(phosphonate) (5b) *H NMR
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Tetraethyl (5-methylpyrazolo[1,5-a]pyridine-2,3-diyl)bis(phosphonate) (5b) 1*C NMR

e MO OMe-e - - ™M
S A E R R R F o < ™
it PN OO > ” ”
0 | O e - O ™ o= r~
b B B B . B B -
et - —

1l

¢ = ~
0 0 o
™~ O
SR

LR

37 .819

y 4
%

Al

-~ O
o ™M O
o oONa
4 ™ et
< -

N\

) ot
™ © N
-0
w e w
- -

S43

w



Tetraethyl (5-methylpyrazolo[1,5-a]pyridine-2,3-diyl)bis(phosphonate) (5b) 1P NMR
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(4-methylpyrazolo[1,5-a]pyridine-2,3-

tetraethyl

and

(6-methylpyrazolo[1,5-a]pyridine-2,3-diyl)bis(phosphonate)

Tetraethyl

diyl)bis(phosphonate) mixture (5¢) *H NMR.
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Tetraethyl (6-methylpyrazolo[1,5-a]pyridine-2,3-diyl)bis(phosphonate) and tetraethyl (4-methylpyrazolo[1,5-a]pyridine-2,3-
diyl)bis(phosphonate) mixture (5¢) 3P NMR.
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Ethyl 2,3-bis(diethoxyphosphoryl)pyrazolo[1,5-a]pyridine-5-carboxylate (5d) *H NMR
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Ethyl 2,3-bis(diethoxyphosphoryl)pyrazolo[1,5-a]pyridine-5-carboxylate (5d) 13C NMR
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Ethyl 2,3-bis(diethoxyphosphoryl)pyrazolo[1,5-a]pyridine-5-carboxylate (5d) 3P NMR
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Tetraethyl (5-methoxypyrazolo[1,5-a]pyridine-2,3-diyl)bis(phosphonate) (5e) 'H NMR.

i:FEfoTI % = '-'\_."L:.: :l":—l
OMe & o) > AR i @
o om oo o S AD A D o

| [ ]

|\ 0 H'\r'I \/ | | | ||

N\, P(OEt),

—

[y I
_P(OEY) [V |

N
\
N

e e I |

| | i || |II ',IUJ.' \
_F—/ Il\“ __-/I I'\.. _-/III k\_ || || 1||
a IS.IEV D:I-:r. o "'IE ::'r i_.,IEC l:I-l:-:r .III II| |Uil f ‘
e b iepap -G Slviriel g / \“\N ” [
HETmEnaa - C
NSRS\ ———— I/
I"| r‘| " - J \
.z'””‘ II f I' 'I “w’lmﬁﬁ}huvl “v\\* J 1.3 pem
I S S— S Lml Il | ) T S
q.,2 4.1 4.0 ppm

S50




Tetraethyl (5-methoxypyrazolo[1,5-a]pyridine-2,3-diyl)bis(phosphonate) 3P NMR
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Tetraethyl 5-(pyridin-4-yl)pyrazolo[1,5-a]pyridine-2,3-diyldiphosphonate (5f) H NMR.
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Tetraethyl 5-(pyridin-4-yl)pyrazolo[1,5-a]pyridine-2,3-diyldiphosphonate (5f) 1*C NMR.

— o © ¢ e 0w m

......... . . S ve} [aR=R ] -0 o
SN~ O o ~ ™ NO O .. e, .

wy = ™ o — ococoo M~ 0 W ™Mo NN = WO WO

Ao A A — R o~ [CRCRR] —

N
AN
=

XN
| 2
N"\y—P(OEY),
N=
P(OEt),

>y yfiapip ik MMUJh o rrprte Wplony W J.L vy -.-J ¥ “‘W

hd

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S53



Tetraethyl 5-(pyridin-4-yl)pyrazolo[1,5-a]pyridine-2,3-diyldiphosphonate (5f) 3'P NMR.
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Tetraethyl pyrazolo[1,5-a]quinoline-2,3-diyldiphosphonate (5g) *H NMR
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Tetraethyl pyrazolo[1,5-a]Jquinoline-2,3-diyldiphosphonate (5g) 3C NMR
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Tetraethyl pyrazolo[1,5-a]quinoline-2,3-diyldiphosphonate (5g) 3P NMR
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Tetraethyl (9-hydroxypyrazolo[1,5-a]Jquinoline-2,3-diyl)bis(phosphonate) (5h) *H NMR
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Tetraethyl (9-hydroxypyrazolo[1,5-a]quinoline-2,3-diyl)bis(phosphonate) (5h) 13C NMR
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Tetraethyl (9-hydroxypyrazolo[1,5-a]quinoline-2,3-diyl)bis(phosphonate) (5h) 3P NMR
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Tetraethyl pyrazolo[5,1-a]isoquinoline-1,2-diylbis(phosphonate) (5i) *H NMR
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Tetraethyl pyrazolo[5,1-a]isoquinoline-1,2-diylbis(phosphonate) (5i) *C NMR
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Tetraethyl pyrazolo[5,1-a]isoquinoline-1,2-diylbis(phosphonate) (5i) 3P NMR
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Tetraethyl pyrazolo[1,5-a][1,10]phenanthroline-2,3-diylbis(phosphonate) (5j) *H NMR
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Tetraethyl pyrazolo[1,5-a][1,10]phenanthroline-2,3-diylbis(phosphonate) (5j) **C NMR
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Tetraethyl pyrazolo[1,5-a][1,10]phenanthroline-2,3-diylbis(phosphonate) (5j) 3P NMR
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Diethyl (pyrazolo[1,5-a]pyridin-3-yl)phosphonate *H NMR (5k).
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Diethyl (pyrazolo[1,5-a]pyridin-3-yl)phosphonate *C NMR (5k).
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Diethyl (pyrazolo[1,5-a]pyridin-3-yl)phosphonate 3P NMR (5k).
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Diethyl (5-methylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (51) *H NMR.
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Diethyl (5-methylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (51) 1*C NMR.
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Diethyl (5-methylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (51) 3P NMR.
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Diethyl (7-methylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (5m) 1*C NMR.
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Diethyl (7-methylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (5m) 3!P NMR.
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Diethyl (7-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (5n) *H NMR.
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Diethyl (7-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (5n) *C NMR.
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Diethyl (7-phenylpyrazolo[1,5-a]pyridin-3-yl)phosphonate (5n) 3P NMR.
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Methyl 3-dietoxyphosphorylpyrazolo[1,5-a]pyridine-5-carboxylate (50) 'H NMR.
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Methyl 3-dietoxyphosphorylpyrazolo[1,5-a]pyridine-5-carboxylate (50) 3C NMR.
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Methyl 3-dietoxyphosphorylpyrazolo[1,5-a]pyridine-5-carboxylate (50) 3P NMR.
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Diethyl (9-hydroxypyrazolo[1,5-a]quinoline-3-yl)phosphonate (5p) H NMR.
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Diethyl (9-hydroxypyrazolo[1,5-a]quinoline-3-yl)phosphonate (5p) 3P NMR.
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Diethyl (pyrazolo[1,5-a][1,10]phenantroline-3-yl)phosphonate (5q) *H NMR.
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Diethyl (pyrazolo[1,5-a][1,10]phenantroline-3-yl)phosphonate (5q) 1*C NMR.

ZrT 9T

96T 9T

786°T9 -

22029

T80° L6 —
Zv8°86 —

v8c”
960"
9L8"

el \,

666"

€eL”

G99 LZT

V1T

0CC 6CT—
TeG-

gee”
718"
KA
res”

LE "
9LV ”
19"

10 ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

200

S86



Diethyl (pyrazolo[1,5-a][1,10]phenantroline-3-yl)phosphonate (5q) 3P NMR.
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Diethyl (2-chloro[1,5-a]pyridin-3-yl)phosphonate *H NMR(5r).
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Diethyl (2-chloro[1,5-a]pyridin-3-yl)phosphonate 3P NMR(5r).

10:.375

S90



3P NMR spectrum of reaction mixture for diethyl (2-bromo[1,5-a]pyridin-3-yl)phosphonate (5s) preparation.
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Diethyl (2-iodo[1,5-a]pyridin-3-yl)phosphonate 'H NMR(5t).
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Diethyl (2-iodo[1,5-a]pyridin-3-yl)phosphonate *C NMR(5t).
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Diethyl (2-iodo[1,5-a]pyridin-3-yl)phosphonate 3P NMR(5t).
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Diethyl (2-phenoxy[1,5-a]pyridin-3-yl)phosphonate *H NMR(5u).
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Diethyl (2-phenoxy[1,5-a]pyridin-3-yl)phosphonate *C NMR(5u).

9¢1T° 91 ~

€8T1°9T1~

878 T9-
688" 19

6EE T8~
LT "8

8TL CTT ——
0€0°8TT~_
T8 61T —=
QLG PCT ~_

LY6°9CT ——
0LL"8CT -7+
0€EV 62T~

LEG TP
GCT GV

ThC QST-

909°¥9T -
799 %91 -

10 ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

200

S96



Diethyl (2-phenoxy[1,5-a]pyridin-3-yl)phosphonate 3P NMR(5u).
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