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Pyrazolo[1,5-a]pyrazin-4(5H)-ones react regioselectively with N-iodosuccinimide in the presence of N-methylmorpholine to form 7-iodo
derivatives. Their carbonylation catalyzed with Pd(dppf)Cl, under pressure in MeOH solution yielded methyl 4-oxo-4,5-dihydropyrazolo-
[1,5-a]pyrazine-7-carboxylates, which were transformed into the corresponding carboxylic acids by alkaline hydrolysis.
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pyrazolo[1,5-a]pyrazine-7-carboxylic acids, palladium-catalyzed carbonylation.

Pyrazolo[1,5-a]pyrazin-4(5H)-ones are important deriva-
tives of a corresponding biheteroaromatic system due to
their role as basic substrates for various synthetic transfor-
mations aimed at creating biologically active compounds.'
These compounds have been extensively studied in the
biomedical field, leading to the discovery of vasopressin'®*
and fibrinogen™ receptor antagonists, selective positive
allosteric glutamate receptors GIuN2A* and mGluR5’ modu-
lators, inhibitors of mycobacterium tuberculosis H37RV.,°
inhibitors of lung cancer tumors A549 and H322b,"*
inhibitors of catalytic activity of HIV-1° integrase, TANKs
and polyADP-ribose polymerase PARP-1."" Recently,
certain derivatives of pyrazolo[1,5-a]pyrazin-4(5H)-one
have been proposed for the treatment of lysosomal and
neurodegenerative,'' as well as cardiovascular'” diseases.

The analysis of bioactive compounds in the pyrazolo-
pyrazinone series has revealed that most of them contain
functional substituents at positions 2 and 5, which seem to
play a significant role in their pharmacological profile.
However, it is worth mentioning that derivatives of this

0009-3122/23/59(6/7)-0425©2023 Springer Science+Business Media, LLC

heterocyclic system with functional groups at positions 6
and 7 have received limited attention so far, thereby
restricting its medical and biological potential. Consequently,
we aimed to develop a convenient method to obtain
previously unexplored pyrazolo[1,5-a]pyrazin-4(5H)-ones
with synthetically potent methoxycarbonyl and carboxyl
groups at position 7. We believe that incorporating these
groups into the pharmacophore of pyrazolopyrazinone
scaffold represents the most efficient approach for
designing new synthetic platforms with potential signi-
ficance in combinatorial and medicinal chemistry.

The proposed solution to address this issue involved a
sequential structural modification of the pyrazolo-
pyrazinone fragment, with the key step being the selective
iodination of position 7 in pyrazolo[1,5-a]pyrazinones 1a—d.
This task is rather challenging due to the combination of
pyrazine and pyrazole nuclei in these structures, with the
latter exhibiting a more pronounced nucleophilic center.
Patent data also indicate that the electrophilic halogenation
reaction of 4-substituted pyrazolo[1,5-a]pyrazines using
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N-halogensuccinimides primarily occurs at position 3 of
the bicyclic system.'*™” Additionally, the iodination of
nonactivated pyrazine rings in their azoloannulated analogs,
such as imidazo[1,5-a]pyrazines,"* oxazolo[4,5-b]pyrazines,"”
and triazolo[4,3-e]pyrazines,'® typically requires prior
metallation and lacks high selectivity.

In screening experiments conducted using pyrazolo-
pyrazinone la as a representative example, it was observed
that the optimal reaction with N-iodosuccinimide (NIS)
occured at room temperature in a DMF solution in the
presence of N-methylmorpholine as a base. These condi-
tions facilitate a regioselective process, leading to the
formation of 7-iodo derivative 2a in 86% yield. Under the
similar conditions, iodination of compounds 1b—d led to
derivatives 2b—d in 79-92% yields (Scheme 1).

The structure of the synthesized 7-iodo-substituted
pyrazolo[1,5-a]pyrazin-4-ones 2a—-d was confirmed by
'H NMR using the steady-state NOE technique for NH and
H-6 proton irradiation. Compound 2b was utilized as an
example for this analysis.

In organic chemistry, the ester group is a well-known
functional substituent with a wide range of synthetic
applications. Among the various methods for introducing
ester groups into aromatic and heterocyclic compounds,
Pd-catalyzed carbonylation reactions of aryl halides and
related compounds hold a significant place.'” Interestingly,
such transformations have not been previously investigated
in iodinated pyrazines and their condensed derivatives,
although there is data on similar reactions involving
structurally related 4-chloropyrazolo[1,5-a]pyrazines.'®

Our research revealed that 7-iodopyrazolo[1,5-a]pyrazin-
4-ones 2a-d can undergo carbonylation in a MeOH
solution in an autoclave at elevated pressure (20 atm) and
temperature (100°C) in the presence of catalytic amounts
of Pd(dppf)Cl, and more than double excess of Et;N.
Exposure of the reaction mixture for 16 h was sufficient to
obtain methyl carboxylates 3a—d in 67-84% yield (Scheme 1).
Conversion of the latter to acids 4a—d completed after 8 h
boiling in an aqueous KOH solution. Despite the relatively
harsh reaction conditions, undesired decarboxylation did
not take place so that the target products formed in 90-95%
yields.

In summary, novel 7-iodopyrazolo[1,5-a]pyrazin-4-ones
were successfully synthesized. Their utility as convenient
reagents for the palladium-catalyzed synthesis of methyl
4-oxopyrazolo[1,5-a]pyrazine-7-carboxylates was demon-
strated. These compounds, along with their corresponding
acids, serve as vital building blocks for the construction of
potentially bioactive compounds. The development of these
scaffolds provides valuable opportunities for further explo-
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ration and design of molecules with potential pharmaco-
logical applications.

Experimental

IR spectra were recorded on a Bruker Vertex 70 in KBr
pellets. "H and >C NMR spectra were recorded on Varian
VXR-400 (400 and 126 MHz, respectively, compounds
1c, 2a-d, 3, 4 a,b,d) and Varian Mercury 300 (300 and
76 MHz, respectively, compounds 3, 4 ¢) spectrometers in
DMSO-dg, internal standard TMS. The NOE experiment
was performed on an Agilent ProPulse 600 spectrometer
(600 MHz) in DMSO-d;s. Mass spectra were recorded on an
Agilent LC/MSD SL instrument (Zorbax SB-C18 column,
4.6 x 15 mm, 1.8 um (PN 82(c)75-932)), solvent DMSO,
electrospray ionization. Elemental analysis was performed
on a PerkinElmer CHN-analyzer 2400 series instrument in
the Analytical laboratory of the Institute of Organic
Chemistry of the National Academy of Sciences of
Ukraine. The melting points were determined on a Kofler
table and were not corrected.

All operations with CO were performed in a well-
ventilated fume hood with an Orvibo Zigbee 3V (SP20-0)
carbon monoxide detector. The Pd(dppf)Cl, catalyst was
provided by Enamine Ltd. (Kyiv, Ukraine). The starting
compounds 1a,b'® and 1d'® were obtained according to the
literature methods.

2-Ethylpyrazolo[1,5-a]pyrazin-4(SH)-one (1c) was
prepared from 2-ethyl-7-hydroxy-6,7-dihydropyrazolo[1,5-a]-
pyrazin-4-(5H)-one (5.4 g, 30 mmol, provided by Enamine
Ltd.) following the literature method.'® Yield 4.2 g (86%),
yellow powder, mp 207-208°C. IR spectrum, v, cm ': 1676
(C=0), 3331 (NH). '"H NMR spectrum, &, ppm (J, Hz):
1.24 (3H, t, J=17.8, CH3); 2.70 (2H, q, J = 7.8, CHy); 6.76
(1H, d, J= 6.0, H-6); 6.79 (1H, s, H-3); 7.55 (1H, d, J = 6.0,
H-7); 11.09 (1H, br. s, NH). °C NMR spectrum, 8, ppm:
14.1; 21.3; 102.6; 110.4; 115.7; 134.5; 155.7; 155.8. Mass
spectrum, m/z (L, %): 164 [M+H]" (100). Found, %:
C 58.78; N 536; N 25.75. CgHoN;O. Calculated, %:
C 58.88; H 5.56; N 25.75.

Synthesis of compounds 2a—d (General method). NIS
(31.5 g, 0.14 mol) was added portionwise to a solution of
pyrazolopyrazinone 1a—d (0.1 mol) and N-methylmorpho-
line (10.1 g, 0.1 mol) in DMF (150 ml) at room tempe-
rature. The reaction mixture was stirred for 12 h, the
solvent was evaporated, H,O (250 ml) was added to the
solid residue, and the resulting precipitate was filtered off,
washed with H,O (100 ml), MeCN (50 ml), and dried in air.

7-lodopyrazolo[1,5-a]pyrazin-4(SH)-one (2a). Yield
22.4 g (86%), yellow powder, mp 212-214°C. IR spectrum,
v, em: 1681 (C=0), 3326 (NH). 'H NMR spectrum,
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o, ppm: 7.19-7.22 (2H, m, H-3,6); 7.94 (1H, s, H-2); 11.43
(1H, br. s, NH). °C NMR spectrum, 8, ppm: 69.5; 101.1;
123.1; 134.1; 139.9; 155.6. Mass spectrum, m/z (I, %):
262 [M+H]" (100). Found, %: C 27.82; H 1.44; N 16.02.
C¢H4IN;O. Calculated, %: C 27.61; H 1.54; N 16.10.

7-1odo-2-methylpyrazolo[1,5-a]pyrazin-4(SH)-one (2b).
Yield 25.3 g (92%), light-brown powder, mp 222-224°C.
IR spectrum, v, cm: 1679 (C=0), 3330 (NH). '"H NMR
spectrum, 6, ppm: 2.35 (3H, s, CH3); 6.99 (1H, s, H-6);
7.10 (1H, s, H-3); 11.31 (1H, br. s, NH). “C NMR
spectrum, o, ppm: 13.9; 69.3; 106.2; 122.2; 134.6; 149.1;
155.3. Mass spectrum, m/z (I, %): 275 [M+H]" (100).
Found, %: C 30.36; H 231; N 15.07. C;H¢IN;O.
Calculated, %: C 30.57; H 2.20; N 15.28.

2-Ethyl-7-iodopyrazolo[1,5-a|pyrazin-4(SH)-one (2c).
Yield 22.8 g (79%), yellow powder, mp 201-202°C.
IR spectrum, v, cm: 1677 (C=0), 3328 (NH). '"H NMR
spectrum, 6, ppm (J, Hz): 1.24 (3H, t, J = 7.6, CH3); 2.73
(2H, q,J=17.6, CH,); 7.04 (1H, s, H-3); 7.11 (1H, d, /= 5.2,
H-6); 11.35 (1H, br. s, NH). °C NMR spectrum, 8, ppm:
14.1; 21.4; 63.3; 104.8; 122.2; 134.5; 154.9; 155.3. Mass
spectrum, m/z (Lq, %): 289 [M+H]" (100). Found, %:
C 33.02; H 2.93; N 14.44. CgHgIN;O Calculated, %:
C33.24; H2.79; N 14.54.

7-1odo-2-phenylpyrazolo[1,5-a|pyrazin-4(SH)-one (2d).
Yield 28.3 g (84%), brown powder, mp 245-246°C.
IR spectrum, v, cm: 1680 (C=0), 3332 (NH). 'H NMR
spectrum, 6, ppm (J, Hz): 7.20 (1H, s, H-6); 7.39-7.48 (3H,
m, H Ph); 7.72 (1H, s, H-3); 7.98 (2H, d, J = 7.6, H Ph);
11.45 (1H, br. s, NH). C NMR spectrum, 5, ppm: 69.1;
103.2; 122.8; 125.8; 128.6; 128.8; 131.7; 135.0; 150.2;
155.0. Mass spectrum, m/z (I, %): 338 [M+H]" (100).
Found, %: C 42.89; H 2.24; N 12.35. C;;HIN;O.
Calculated, %: C 42.75; H 2.39; N 12.46.

Synthesis of compounds 3a—d (General method).
A solution of 7-iodopyrazolopyrazine 2a—d (0.02 mol), Et;N
(4.44 g, 0.044 mol) and Pd(dppf)Cl, (490 mg, 0.6 mmol) in
MeOH (300 ml) was placed in a 1-1 autoclave in which CO
was pumped at 20 atm. The autoclave was kept at 100°C
for 16 h, cooled to room temperature, and carefully
ventilated for 0.5 h. The reaction mixture was filtered off,
the filtrate was distilled off, H,O (200 ml) was added to the
solid residue, the resulting precipitate was filtered off,
washed with H,O (25 ml), MTBE (20 ml), and dried in air.

Methyl 4-oxo-4,5-dihydropyrazolo[1,5-a]pyrazine-
7-carboxylate (3a). Yield 2.58 g (67%), gray powder,
mp 218-220°C. IR spectrum, v, cm ': 1680, 1725 (C=0),
3346 (NH). 'H NMR spectrum, 3, ppm (J, Hz): 3.83 (3H, s,
OCH,); 7.10 (1H, d, J = 2.0, H-3); 7.64 (1H, s, H-6); 7.98
(1H, d, J = 2.0, H-2); 11.81 (1H, br. s, NH). “C NMR
spectrum, , ppm: 52.3; 105.4; 112.8; 125.2; 133.7; 140.8;
155.3; 159.8. Mass spectrum, m/z (I, %): 194 [M+H]"
(100). Found, %: C 49.88; H 3.54; N 21.86. CsH;N;0s.
Calculated, %: C 49.74; H 3.65; N 21.75.

Methyl 2-methyl-4-0x0-4,5-dihydropyrazolo[1,5-a]-
pyrazine-7-carboxylate (3b). Yield 3.02 g (73%), gray
powder, mp 221-223°C. IR spectrum, v, cm ': 1682, 1723
(C=0), 3344 (NH). '"H NMR spectrum, &, ppm (J, Hz):
2.37 (3H, s, CH;); 3.84 (3H, s, OCH;); 6.88 (1H, s, H-3);
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7.56 (1H, d, J = 4.8 H-6); 11.69 (1H, br. s, NH). °C NMR
spectrum, o, ppm: 13.4; 52.1; 104.5; 112.6; 124.1; 134.3;
149.8; 154.9; 159.7. Mass spectrum, m/z (I, %): 208
[M+H]" (100). Found, %: C 52.31; H 4.27; N 20.36.
CyHyN;05. Calculated, %: C 52.17; H 4.38; N 20.28.

Methyl 2-ethyl-4-ox0-4,5-dihydropyrazolo[1,5-a]-
pyrazine-7-carboxylate (3c). Yield 3.71 g (84%), white
powder, mp 196-198°C. IR spectrum, v, cm: 1682, 1720
(C=0), 3342 (NH). '"H NMR spectrum, &, ppm (J, Hz):
1.22 (1H, t, J= 7.6, CH;); 2.71 (2H, q, J = 7.6, CH,); 3.82
(3H, s, OCHy); 6.94 (1H, s, H-3); 7.58 (1H, s, H-6); 11.78
(1H, br. s, NH). °C NMR spectrum, &, ppm: 18.7; 26.2;
57.2;108.3; 117.9; 129.2; 139.5; 160.1; 160.9; 164.9. Mass
spectrum, m/z (e, %): 222 [M+H]" (100). Found, %:
C 54.41; H 5.15; N 18.93. CyoH{;N;05. Calculated, %:
C 54.30; H 5.01; N 19.00.

Methyl 4-oxo-2-phenyl-4,5-dihydropyrazolo[1,5-a]-
pyrazine-7-carboxylate (3d). Yield 28.3 g (79%), brown
powder, mp 244-246°C. IR spectrum, v, cm: 1685, 1726
(C=0), 3347 (NH). '"H NMR spectrum, &, ppm (J, Hz):
3.86 (3H, s, OCH;); 7.38 (1H, t, J= 7.2, H Ph); 7.47 (2H, t,
J =72, H Ph); 7.62 (1H, s, H-3); 7.69 (1H, s, H-6); 7.98
(2H, d, J = 7.2, H Ph); 12.15 (1H, br. s, NH). °C NMR
spectrum, J, ppm: 52.3; 102.3; 112.7; 125.4; 126.0; 128.8;
129.0; 131.9; 135.4; 151.7; 155.2; 159.7. Mass spectrum, m/z
(L1, %): 270 [M+H]" (95). Found, %: C 62.57; H 4.02;
N 15.24. C;4H 1N;0;. Calculated, %: C 62.45; H 4.12;
N 15.61.

Synthesis of compounds 4a—d (General method).
Methyl carboxylate 3a—d (5 mmol) was added to a solution
of KOH (295 mg, 5.25 mmol) in H,O (20 ml) and boiled
for 8 h. The reaction mixture was cooled to room tempera-
ture, acidified with concentrated HCI to pH 3, the resulting
precipitate was filtered off, washed with H,O (10 ml), and
dried in air.

4-Oxo0-4,5-dihydropyrazolo[1,5-a]pyrazine-7-carboxylic
acid (4a). Yield 840 mg (94%), gray powder, mp 264-267°C.
IR spectrum, v, cm ' 1678, 1687 (C=0), 3338 (NH). 'H NMR
spectrum, 9, ppm (J, Hz): 7.11 (1H, d, J = 2.0, H-3); 7.64
(1H, s, H-6); 8.01 (1H, d, J = 2.0, H-2); 11.82 (1H, br. s,
NH); 13.17 (1H, br. s, COOH). C NMR spectrum,
o, ppm: 105.7; 113.5; 125.3; 134.1; 140.8; 155.7; 160.8.
Mass spectrum, m/z (L1, %): 180 [M+H]" (100). Found, %:
C 46.85; H 2.73; N 23.61. C;HsN3;0;. Calculated, %:
C46.93; H 2.81; N 23.46.

2-Methyl-4-0x0-4,5-dihydropyrazolo[1,5-a]pyrazine-
7-carboxylic acid (4b). Yield 920 mg (95%), white powder,
mp 245-247°C. IR spectrum, v, cm ': 1676, 1690 (C=0),
3335 (NH). 'H NMR spectrum, 3, ppm: 2.38 (3H, s, CHs);
6.90 (1H, s, H-3); 7.58 (1H, s, H-6); 11.77 (1H, br. s, NH);
13.21 (1H, br. s, COOH). C NMR spectrum, §, ppm:
13.3;104.4; 112.6; 124.1; 134.1; 149.5; 154.9; 160.3. Mass
spectrum, m/z (Le, %): 194 [M+H]" (100). Found, %:
C 49.85; H 3.58; N 21.66. CgH;N3;0;. Calculated, %:
C49.74; H 3.65; N 21.75.

2-Ethyl-4-o0x0-4,5-dihydropyrazolo[1,5-a]pyrazine-
7-carboxylic acid (4¢). Yield 960 mg (93%), light-brown
powder, mp 224-226°C. IR spectrum, v, cm: 1676, 1690
(C=0), 3331 (NH). '"H NMR spectrum, &, ppm (J, Hz):
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1.22 (3H, t, J = 6.9 CHs;); 2.69-2.76 (2H, m, CH,); 6.93
(1H, s, H-3); 7.56 (1H, s, H-6); 11.79 (1H, br. s, NH). The
proton of the COOH group is in exchange with the H,O of
the deuterosolvent. *C NMR spectrum, o, ppm: 18.7; 26.0;
108.3; 117.8; 129.4; 139.3; 160.2; 160.5; 165.5. Mass
spectrum, m/z (e, %): 208 [M+H]" (100). Found, %:
C 52.31; H 4.27; N 20.19. CoHoN;0O;. Calculated, %:
C 52.17; H4.38; N 20.28.
4-Oxo-2-phenyl-4,5-dihydropyrazolo[1,5-a]pyrazine-
7-carboxylic acid (4d). Yield 1.14 g (90%), brown powder,
mp 290-293°C. IR spectrum, v, cm ': 1678, 1693 (C=0),
3331(NH). 'H NMR spectrum, 3, ppm (J, Hz): 7.37 (1H, t,
J =172, H Ph); 746 (2H, t, J = 7.2, H Ph); 7.61 (1H, s,
H-3); 7.66 (1H, s, H-6); 7.97 (2H, d, /= 7.2, H Ph); 11.86
(1H, br. s, NH). The proton of the COOH group is in exchange
with H,O of the deuterosolvent. *C NMR spectrum,
o, ppm: 100.8; 111.6; 123.6; 124.6; 127.4; 127.5; 130.2;.
133.8; 150.0; 153.8;. 159.0. Mass spectrum, m/z (I, %):
256 [M+H]" (95). Found, %: C 61.25; H 3.47; N 16.59.
C13HoN;0O;. Calculated, %: C 61.18; H 3.55; N 16.46.

Supplementary information file containing 'H and
'3C NMR spectra of the synthesized compounds is available
at the journal website http:/link.springer.com/journal/10593.
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