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Abstract — A convenient and efficient method for the synthesis of novel angular
and linear fused [5-6-5] three heterocycles is described. Methyl cyano-
(3-cyano-4,5-dihydro-2(3 H)-furanylidene)acetate (1) was reacted with an excess
of hydrazine monohydrate to give 3,4’-bipyrazole 5. Compound 5 was condensed
with N,N-dimethylformamide dimethyl acetal (DMFDMA) to yield angular
dipyrazolopyrimidine 6. On the other hand, pyrazoles 3b-d were obtained by
reaction of 1 with hydrazines. Compounds 3b-d were reacted with hydrazine
monohydrate, pyrazolopyridines 7a-¢ were taken. Compounds 7a-c¢ were

condensed with DMFDMA to give linear pyrazolotriazolopyridines 8a-c.

INTRODUCTION

Fused [5-6-5] three heterocyclic compounds are used as intermediates for synthesizing bioactive
substances and biologically active substances.! For this reason, syntheses of various fused [5-6-5]
heterocyclic compounds have been carried out.? In particular, many angular fused [5-6-5] heterocyclic
compounds containing nitrogen atom are reported to exhibit IkB kinase inhibitory activity,’ xanthine
oxidase inhibition,* Janus kinase 1 and Janus kinase 2 inhibitory activity,” and adenosine A;, and Az,
receptor inhibitor,® adenosine As receptor affinity’ and inhibitory activity.® On the other hand, it has been
reported that a linear fused [5-6-5] heterocyclic compound containing nitrogen atom has antiviral action.’
Therefore, efficient synthesis of angular type and linear type nitrogen-containing fused [5-6-5]

heterocyclic compounds was carried out using compound 1 of the starting material already reported in our

previous literature.'”
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RESULTS AND DISCUSSION

When 1 as a starting material was reacted with hydrazine monohydrate in 1,2-dichlorobenzene, ring
opening reaction of 1 and then cyclization reaction of intermediate progressed, pyrazole 2a (80%) was
obtained, unlike the report by Patzel er al.!' The product 2a gave satisfactory spectroscopic date
consistent with their assigned structure (experimental section). The IR spectra of 2a display bands in the
range of 3272-3583 cm™! due to a primary amino group, two secondary amino groups, and hydroxyl group,
and a band of 2169 cm™! due to a conjugated cyano group, and a band of 1644 cm™ due to a ester carbonyl
group.

When compound 1 is reacted with methylhydrazine in 1,2-dichlorobenzene at room temperature for 24 h,
pyrazole 2b is formed in 66%. Furthermore, when compound 1 and methylhydrazine are reacted in
1,4-dioxane at room temperature for 24 h, 16% of pyrazole 2b and 79% of the pyrazole 3b were obtained,
and when compound 1 was reacted with phenylhydrazine and/or 4-methoxyphenylhydrazine
hydrochloride/triethylamine, the corresponding pyrazoles 3c,d were synthesized, respectively. The IR
spectra of 3b-d display bands in the range of 3226-3533 cm™ due to a primary amino group and a
hydroxyl group, and a band of near 2248 cm™ due to a non-conjugated cyano group. The 'H NMR
spectrum of 3b-d in DMSO-ds exhibits two two-proton singlet near & 2.05 and 3.55 due to the
3-hydroxypropyl methylene protons, and a one-proton singlet near 6 4.53 assignable to the
3-hydroxypropyl 1-methine proton, D-O exchangeable three two-protons singles 6 3.35, 5.97, 9.36 due to
the secondary amino protons. The '3C NMR spectrum of 3b-d shows a signal & 27 due to the
3-hydroxypropyl 1-methine carbon, and two signals near 6 34 and 58 due to the two methylene carbons of
3-hydroxypropyl group. The formation of 2a,b and 3b-d can be explained by the mechanism shown in
Scheme 1. Therefore, the reaction between compound 1 and hydrazines probably results in an
intermediate by ring opening of tetrahydrofuran of compound 1, pyrazole 2a,b are formed by an
intramolecular cyclization reaction of between the cyano group at the 4-position of the intermediate and
the hydrazinyl group. It is also considered that pyrazole 3b-d are formed by an intramolecular cyclization
reaction between the cyano group at the 2-position of the intermediate and the hydrazinyl group. The
reason why the compound 2 or 3 is selectively formed is that the steric structure of the intermediate is
determined by the steric bulkiness of the substituent R of the hydrazine. That is, when the substituent is a
small functional group, since the steric hindrance between the substituent R of the intermediate and the
cyano group at the 4-position is small, 2 is produced via intermediate A. When the substituent R is bulky,
it is considered that 3 is formed through a ring closure reaction with the cyano group at the 2-position via
the intermediate B because of the steric hindrance with the cyano group at the 4-position of the

intermediate.
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Table 1. Synthesis of pyrazoles 2a,b and 3b-d by reaction of 1 and hydrazines

Entry RHNNH> Solvent Temp. Time Product Yield (%)
1 H,NNH,»-H,O 1,2-dichlorobenzene rt, 24 h 2a 80
2 H,NNH,-H,0O 1,4-dioxane rt, 24 h 2a 67
3 MeHNNH, 1,2-dichlorobenzene rt, 24 h 2b 66
4 McHNNH, 1,4-dioxane it, 24 h 2b/3b 15/799
5 PhHNNH, 1,2-dichlorobenzene i, 24 h 3¢ 90
6 PhHNNH, 1,4-dioxane rt, 24 h 3¢ 95
7 4-MeOCJHHNNHyHCI/ EpN  1»2-dichlorobenzene gy 3d 83
8 4.MeOC(HHNNH,-HCI / EN 14-dioxane it, 24 h 3d 86

a) Isolated yield.

Reaction of 2a with hydrazine monohydrate gave 3,4’-bipyrazole 5, but hydrazide 4a cannot be isolated.
The IR spectra of 5 show bands 3455, 3415, 3339, 3138 cm! due to a primary amino group, two
secondary amino groups, and a hydroxyl group, 1637 cm™ due to an amide carbonyl group. The 'H NMR
spectrum of 5 in DMSO-d;s exhibits D>O exchangeable three two-protons singles 6 3.35, 5.97, 9.36 due to
the secondary amino protons. The *C NMR spectrum of 5 shows a signal & 168.2 due to the carbonyl

carbon. The stereochemistry of 5 was assigned by mean of NOE between the 3-amino proton of
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pyrazolone and methylene protons at the 2-position of 2-hydroxyethyl group. In the NOESY spectra of 5,
the NOE showed that these groups are located on the same side of the 2-hydroxyethyl group.

On the other hand, when pyrazole 2b was reacted with hydrazine monohydrate, hydrazide 4b was
obtained. Furthermore, 4b was reacted with hydrazine monohydrate, but 4b decomposed and no expected
3,4 -bipyrazole was produced. The IR spectra of 4b display bands in the range of 3264-3437 cm™! due to
an amino group and a hydroxyl group, 2245 cm™ due to a non-conjugated cyano group, and 1679 cm’!
due to a carbonyl group. The '"H NMR spectrum of 4b in DMSO-ds exhibits DO exchangeable a proton
single & 4.68 due to the secondary amino proton, and D>O exchangeable two two-protons singles 6 5.02,
9.16 due to the primary amino protons. The *C NMR spectrum of 4b shows a signal § 163.5 due to the

carbonyl carbon.

OH
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Scheme 2

Reaction of 1 with 2.3 equiv. of hydrazine monohydrate in 1,2-dichlorobenzene at room temperature for
27 h gave 3,4’-bipyrazole 5 (79%). When 3,4’-bipyrazole 5 was reacted with N,N-dimethylformamide
dimethyl acetal (DMFDMA),'? angular type dipyrazolepyridazine 6 was given. The IR spectra of 6
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display bands of 3410, 3233 cm™! due to two animo groups and a hydroxyl group, and 1627 cm™' due to an
amide carbonyl group. The 'H NMR spectrum of 6 in DMSO-ds exhibits two three-protons singlet & 3.00
and 3.09 due to the two methyl groups, a one-proton singlet 6 8.27 due to the olefin proton of
(dimethylamino)methylene group, and a one-proton singlet & 8.80 due to the 5-methine proton. The '3C
NMR spectrum of 6 shows two signals near & 37.0 due to the methyl carbon of dimethylamino group, and
a signal 6 140 due to the 5-methine carbon and a signal 6 154.8 due to the olefin carbon of
(dimethylamino)methylene group. The stereochemistry of 6 was assigned by mean of NOE between the
methyl protons, and 2-hydroxyethyl methylene protons at the 2-position. In the NOESY spectra of 6, the
NOE showed the dimethylamino group are located on the same side of the 2-hydroxyethyl group.
3,4’-Dipyrazole S and DMFDMA to produce dipyrazolepyridazine 6 is described in Scheme 2.
Compound 5 reacts with DMFDMA, the two amino groups of 5 condense with DMFDMA, respectively,
and the axis of dipyrazole rotates due to the movement of protons of pyrazole, closing with proton
migration to construct pyrimidine ring, 6 is formed.

Reaction of pyrazoles 3b-d with hydrazine monohydrate yielded the corresponding pyrazolopyridines
7a-c. The IR spectra of 7a-c display bands in the range of 3210-3462 cm™' due to a primary amino group
and a hydroxyl group, and near 1657 cm™' due to an amide carbonyl group. The '"H NMR spectrum of
7a-c in DMSO-ds exhibits D>O exchangeable three two-protons singlet near 6 5.05, 5.64, 6.03 attributable
to the primary amino protons. The '*C NMR spectrum of 7a-c¢ shows a signal near § 159.5 due to the
amide carbonyl carbon.

When pyrazolopyridines 7a-¢c were reacted with DMFDMA, the corresponding linear type
pyrazolotriazolopyridines 8a-¢ was formed. The IR spectra of 8a-¢ display a band near 1706 cm™ due to
an amide carbonyl group. The 'H NMR spectrum of 8a-¢ in DMSO-ds exhibits two two-protons singlet
near 0 2.08 as singnable to the methylene protons of cyclopropane, two three-protons singlet & 3.05 and
3.18 due to the two methyl groups, a one-proton singlet near 6 7.98 due to the 7-methine proton, and a
one-proton singlet 5 9.17 due to the olefin proton of (dimethylamino)methylene group. The '*C NMR
spectrum of 8a-c shows a signal near & 25.0 due to the methylene carbon and two signals near 6 34.3,
40.8 due to the dimethylamino carbon, and a signal near & 152.5 due to the 7-methine carbon, and a signal
near & 155.0 due to the amide carbonyl carbon, and a signal near & 159.6 due to the olefin carbon of the
(dimethylamino)methylene group. The stereochemistry of 8a-c was assigned by mean of NOE between
the methyl proton, and 2-proton of pyrazole. In the NOESY spectra of 8a-c, the NOE showed the

dimethylamino group are located on the same side of the 2-substituent of pyrazole.
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Table 2. Synthesis of pyrazolotriazolopyridines 8a-c by the reaction of 3b-d with hydrazine monohyd-
rate and DMFDMA

Entry Substrate R Product Yield Entry Substrate R Product Yield
(%) (%)
1 3b Me Ta 37 1 7a Me 8a 31
2 3c Ph 7b 32 2 7b Ph 8b 32
3 3d 4-MeOCeH4 Te 74 3 Tc 4-MeOC¢H4 8c 30

The formation of linear pyrazolotriazolopyridines 8a-c¢ could be explained by the proposed mechanism
presented in Scheme 3. Condensation occurs with compounds 7a-¢ and 2 equiv. of DMFDMA,
dimethylamine and methanol are eliminated, and a triazole ring is constructed. As the removed
dimethylamine withdraws hydrogen at 1-position of the triazole, whereby cyclopropane is formed,
forming 8a-c.

In conclusion, when we treated methyl cyano(3-cyano-4,5-dihydro-2(3 H)-furanylidene)acetate (1) with
hydrazine monohydrate, the domino reaction proceeds and 3,4’-bipyrazole 5 is formed, then DMFDMA
to form angular dipyrazolopyrimidine 6. On the other hand, 1 was reacted with hydrazines, hydrazine
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monohydrate and then DMFDMA to obtain linear triazolopyrazolopyridines 8a-c. We have developed a

new method for synthesizing fused [5-6-5] heterocyclic compounds of angular type and linear type.

EXPERIMENTAL

All melting points are uncorrected. The IR spectra were recorded on a JASCO FT/IR-4100 spectrometer
and Thermo Fisher Scientific Nicolet iS5 FT-IR spectrometer. The 'H and '3C NMR spectra were
measured with a JEOL JNM-A500 spectrometer at 500.00 and 125.65 MHz, and JEOL JNM-ECZ R
spectrometer 600.17 and 150.91 MHz, respectively. The 'H and *C chemical shifts (8) are reported in
part per million (ppm) relative to TMS at internal standard. Positive (+) FAB MS spectra were obtained
on a JEOL JMS-700T spectrometer. Elemental analyses were performed on YANACO MT-6 CHN
analyzer. The starting compound 1 was prepared in this laboratory according to the procedure reported in
literature.'”

General procedure for the preparation of pyrazole 2 from 1 and hydrazines. A solution of 1 (0.96 g,
5 mmol), hydrazine monohydrate (0.33 g, 6.5 mmol) and/or methylhydrazine (0.23 g, 5 mmol) in
1,2-dichlorobenzene (20 mL) was stirred at rt for 24 h. The obtained solid was isolated by filtration,
washed with EtOH (5 mL), dried and recycryzallized from MeOH to give pyrazole 2a (0.90 g, 80%) and
2b (0.79 g, 66%).

Methyl [5-Amino-4-(2-hydroxyethyl)-1H-pyrazol-3(2H)-ylidene]-2-cyanoacetate (2a) Colorless
prisms, mp 145-147 °C (dec.) (MeOH); IR (KBr): v 3583, 3543, 3382, 3327, 3272 (NH, OH), 2169 (CN),
1644 (CO) cm™'; 'H NMR (DMSO-ds): § 2.40-2.43 (m, 0.5H, 2-hydroxyethyl 1-H), 2.61 (t, J = 6.7 Hz,
1.5H, 2-hydroxyethyl 1-H), 3.38-3.42 (m, 0.5H, 2-hydroxyethyl 2-H), 3.46 (t, J = 6.7 Hz, 1.5H,
2-hydroxyethyl 2-H), 3.52 (s, 2.25H, CO2CH3), 3.70 (s, 0.75H, CO2CH3), 4.46 (br s, 0.75H, OH), 4.61 (br
s, 0.25H, OH), 4.82 (br s, 0.25H, NH»), 5.44 (s, 0.25H, 2-H), 5.89 (br s, 1.5H, NH), 11.4 (br s, 1.75H,
3NH) ppm; *C NMR (DMSO-ds): & 24.4, 25.3 (2-hydroxyethyl C-1), 36.4 (C-CH-CN), 49.1 (C=C-CN),
49.5, 53.2 (CO2CH;3), 61.1, 61.2 (2-hydroxyethyl C-2), 90.2, 97.7 (pyrazole C-3), 116.1, 122.5 (CN),
138.9 (pyrazole C-4), 147.4 (pyrazole C-5), 148.1 (pyrazole C-4), 151.6 (pyrazole C-5), 165.5, 169.0
(CO) ppm; FAB(+) MS: m/z 225 [M+H]". Anal. Caled for CoH12N4O3: C, 48.21; H, 5.39; N, 24.99.
Found: C, 48.11; H, 5.38; N, 24.96.

Methyl [5-Amino-4-(2-hydroxyethyl)-1-methyl-1H-pyrazol-3(2H)-ylidene]-2-cyanoacetate (2b) Pale
yellow prisms, mp 170-171 °C (dec.) (MeOH); IR (KBr): v 3384, 3327, 3274, 3202 (NH, OH), 2183
(CN), 1670 (CO) cm’'; '"H NMR (DMSO-dp): § 2.42 (t, J = 6.7 Hz, 1.5H, 2-hydroxyethyl 1-H), 2.62 (t, J
= 6.7 Hz, 0.5H, 2-hydroxyethyl 1-H), 3.37-3.41 (m, 0.5H, 2-hydroxyethyl 2-H), 3.42-3.48 (m, 1.5H,
2-hydroxyethyl 2-H), 3.46 (s, 0.75H, NCH3), 3.49 (s, 2.25H, NCH3), 3.53 (s, 0.75H, CO2CH3), 3.70 (s,
2.25H, CO2CH3), 4.44 (br s, 0.25H, OH), 4.60 (br s, 0.75H, OH), 5.04 (br s, 1.5H, NH>), 5.41 (s, 0.75H,
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2-H), 6.26 (br s, 0.5H, NHy), 11.47 (br s, 0.25H, NH) ppm; 3C NMR (DMSO-ds): & 24.6, 25.6
(2-hydroxyethyl C-1), 33.3, 34.3 (NCH3), 36.3 (C-CH-CN), 49.4 (C=C-CN), 49.5, 53.2 (CO2CH3), 61.0
(2-hydroxyethyl C-2), 90.3, 97.9 (pyrazole C-3), 116.1, 122.5 (CN), 137.9 (pyrazole C-4), 145.6
(pyrazole C-5), 148.0 (pyrazole C-4), 152.1 (pyrazole C-5), 165.5, 168.6 (CO) ppm; FAB(+) MS: m/z 239
[M+H]". Anal. Calcd for C10H14N403-0.15 H,0: C, 49.85; H, 5.98; N, 23.25. Found: C, 49.86; H, 6.04; N,
23.25.
General procedure for the preparation of pyrazole 3b-d, from 1 and hydrazines. A solution of 1
(0.96 g, 5 mmol), and/or methylhydrazine (0.23 g, 5 mmol) and/or phenylhydrazine (0.54 g, 5 mmol )
and/or 4-methoxyphenylhydrazine hydrochloride (0.88 g, 5 mmol) and Et;N (0.51 g, 5 mmol) (in the case
of 3d) in 1,4-dioxane (20 mL) was stirred at rt for 24 h. After removal of the solvent in vacuo, cold water
was added to the residue. The obtained mixture was extracted with CH2Cl,, dried over by Na;SOs4, and
concentrated in vacuo.
(A) The residue was recrystallized from CH2Cly/petroleum ether to take 3b (0.94 g, 79%) and 3d (1.41 g,
86%).
(B) The residue was purified by column chromatography on aluminum oxide with CH>Cl, as eluent to
afford 3¢ (1.43 g, 95%).
Methyl 5-Amino-3-(1-cyano-3-hydroxypropyl)-1-methyl-1H-pyrazole-4-carboxylate (3b) Colorless
prisms, mp 176-178 °C (CH2Cly/petroleum ether); IR (KBr): v 3488, 3428, 3312 (NH, OH), 2250 (CN),
1682 (CO) cm™; '"H NMR (DMSO-ds): § 1.96-2.08 (m, 2H, 3-hydroxypropyl 2-H), 3.51-3.56 (m, 2H,
3-hydroxypropyl 3-H), 3.53 (s, 3H, NCH3), 3.72 (s, 3H, CO.CH3), 4.46 (dd, J = 2.7, 6.1 Hz, 1H,
3-hydroxypropyl 1-H), 4.68 (s, 1H, OH), 6.32 (s, 2H, NHz) ppm; *C NMR (DMSO-ds): § 26.7
(3-hydroxypropyl C-1), 34.2 (NCHz), 34.5 (3-hydroxypropyl C-2), 50.3 (CO.CH3), 57.8
(3-hydroxypropyl C-3), 91.0 (C-4), 119.8 (CN), 145.0 (C-3), 150.9 (C-5), 163.2 (CO) ppm; FAB(+) MS:
m/z 239 [M+H]". Anal. Calcd for Ci1oH14N4O3: C, 50.41; H, 5.92; N, 23.52. Found: C, 50.21; H, 5.98; N,
23.51.
Methyl 5-Amino-3-(1-cyano-3-hydroxypropan-1-yl)-1-phenyl-1H-pyrazole-4-carboxylate (3¢) Red
oil; IR (neat): v 3444, 3342, 3226 (NH, OH), 2247 (CN), 1688 (CO) cm’'; 'H NMR (DMSO-dy): &
2.02-2.14 (m, 2H, 3-hydroxypropyl 2-H), 3.56-3.60 (m, 2H, 3-hydroxypropyl 3-H), 3.78 (s, 3H, CO>CH3),
4.55-4.58 (m, 1H, 3-hydroxypropyl 1-H), 4.73 (t, 1H, J = 5.2 Hz, OH), 6.43 (s, 2H, NH»), 7.42-7.46 (m,
1H, aryl H), 7.52-7.57 (m, 4H, aryl H) ppm; *C NMR (DMSO-ds): & 26.9 (3-hydroxypropyl C-1), 34.3
(3-hydroxypropyl C-2), 50.6 (CO2CH3), 57.7 (3-hydroxypropyl C-3), 91.7 (C-4), 119.6 (CN), 124.0,
127.8, 129.4, 137.3 (C aryl), 146.9 (C-3), 150.6 (C-5), 163.3 (CO) ppm; FAB(+) MS: m/z 301 [M+H]".
Anal. Calcd for C1sH16N4O4-0.25 H2O: C, 59.10; H, 5.46; N, 18.38. Found: C, 59.03; H, 5.48; N, 17.91.
Methyl 5-Amino-3-(1-cyano-3-hydroxypropan-1-yl)-1-(4-methoxyphenyl)-1H-pyrazole-4-carboxy-
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late (3d) Colorless needles, mp 128-129 °C (dec.) (CH2Clo/petroleum ether); IR (KBr): v 3534, 3377,
3289 (NH, OH), 2245 (CN), 1691 (CO) cm™'; 'TH NMR (DMSO-ds): § 2.00-2.14 (m, 2H, 3-hydroxypropyl
2-H), 3.56-3.58 (m, 2H, 3-hydroxypropyl 3-H), 3.77 (s, 3H, CO2CHs), 3.82 (s, 3H, OCH3), 4.53-4.56 (m,
1H, 3-hydroxypropyl 1-H), 4.72 (t, 1H, J = 5.2 Hz, OH), 6.28 (s, 2H, NH>), 7.07-7.10 (m, 2H, aryl H),
7.40-7.43 (m, 2H, aryl H) ppm; *C NMR (DMSO-ds): & 26.9 (3-hydroxypropyl C-1), 34.3
(3-hydroxypropyl C-2), 50.5 (CO2CH3), 55.4 (OCH3), 57.8 (3-hydroxypropyl C-3), 91.4 (C-4), 114.6 (C
aryl), 119.6 (CN), 126.1, 130.0 (C aryl), 146.4 (C-3), 150.7 (C-5), 158.8 (C aryl), 163.3 (CO) ppm;
FAB(+) MS: m/z 331 [M+H]". Anal. Calcd for C1sH1sN4O4: C, 58.17; H, 5.49; N, 16.96. Found: C, 58.20;
H, 5.49; N, 16.94.

General procedure for the preparation of pyrazole 4b from 2b and hydrazine hydrate. The mixture
of 2b (0.71 g, 3 mmol) and hydrazine monohydrate (0.15 g, 3 mmol) in 1,2-dichlorobenzene (10 mL) was
stirred at rt for 3 h. The obtained solid was isolated by filtration, and washed with CH>Cl,, dried and
recrystallized from MeOH to give 4b (0.64 g, 89%).

2-(5-Amino-4-(2-hydroxyethyl)-1-methyl-1 H-pyrazol-3-yl)-2-cyanoacetohydrazide (4b) Colorless
prisms, mp 176-177 °C (dec.) (MeOH); IR (KBr): v 3437, 3394, 3311, 3265 (NH, OH), 2245 (CN), 1679
(CO) cm™; '"H NMR (DMSO-ds): & 2.36-2.45 (m, 2H, 2-hydroxyethyl 1-H), 3.38-3.39 (m, 2H,
2-hydroxyethyl 2-H), 3.44 (s, 3H, NCH3), 4.33 (br s, 1H, OH), 4.68 (s, 1H, NH), 4.86 (s, 1H, 2-H), 5.02
(br s, 2H, NH»), 9.16 (br s, 2H, NH) ppm; '*C NMR (DMSO-ds): & 26.0 (2-hydroxyethyl C-1), 34.8
(NCH3), 36.4 (C-2), 61.6 (2-hydroxyethyl C-2), 98.2 (pyrazolone C-3), 117.6 (CN), 139.2 (pyrazole C-4),
146.2 (pyrazole C-5), 163.5 (CO) ppm; FAB(+) MS: m/z 239 [M+H]". Anal. Calcd for CoH4NsO2: C,
45.37; H, 5.92; N, 35.27. Found: C, 45.21; H, 5.92; N, 35.06.

General procedure for the preparation of 3,4’-bipyrazole 5, from 1 and/or 2a and hydrazine
hydrate.

Procedure A: The mixture of 1 (0.96 g, 5 mmol) and hydrazine monohydrate (0.33 g, 6.5 mmol) in
1,2-dichlorobenzene (20 mL) was stirred at rt for 27 h. The obtained solid was isolated by filtration, and
washed with CH2Cla, dried and recrystallized from MeOH to give 5 (0.88 g, 79%).

Procedure B: The mixture of 2a (0.67 g, 3 mmol) and hydrazine monohydrate (0.15 g, 3 mmol) in
1,2-dichlorobenzene (10 mL) was stirred at rt for 3 h. After work-up as described above, 5 was obtained.
(0.53 g, 79%).

(42)-5-Amino-4-[5-amino-1,2-dihydro-4-(2-hydroxyethyl)-3 H-pyrazol-3-ylidene]-2,4-dihydro-3 H-
pyrazol-3-one (5) Colorless needles, mp 243-244 °C (dec.) (MeOH); IR (KBr): v 3455, 3415, 3339, 3138
(NH, OH), 1637 (CO) cm™'; "TH NMR (DMSO-dq): § 2.48 (t, J = 6.3 Hz, 2H, 2-hydroxyethyl 1-H), 3.35
(br s, 2H, NH>), 3.50 (t, J = 6.3 Hz, 2H, 2-hydroxyethyl 2-H), 4.46 (br s, 2H, NH, OH), 5.97 (br s, 2H,
NH), 9.36 (br s, 2H, 2NH) ppm; *)C NMR (DMSO-ds): § 25.8 (2-hydroxyethyl C-1), 60.6
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(2-hydroxyethyl C-2), 80.2 (pyrazolone C-4), 99.4 (pyrazole C-4), 136.4 (pyrazole C-5), 151.0 (pyrazole
C-3), 156.6 (pyrazolone C-5), 168.2 (CO) ppm; FAB(+) MS: m/z 225 [M+H]". Anal. Calcd for
CsH12N6O2: C, 42.85; H, 5.39; N, 37.48. Found: C, 42.82; H, 5.49; N, 37.23.

General procedure for the preparation of dipyrazolopyrimidine 6, from S and DMFDMA. A mixture
of 5 (0.22 g, 1 mmol) and N,N-dimethylformamide dimethyl acetal (0.30 g, 2.5 mmol) in EtOH (10 ml)
was refluxed for 6 h. After removal of the solvent in vacuo, EtoO was added to the residue. The
precipitate was isolated by filtration, washed with Et2O dried and recrystallized from MeOH to afford 6
(0.22 g, 76%).
(E)-N’-[2,7-Dihydro-9-(2-hydroxyethyl)-1-oxo-1H-dipyrazolo[1,5-c:4’,3’-e]pyrimidin-8-yl]-V,N-di-
methylmethanimidamide (6) Colorless prisms, mp >300 °C (MeOH); IR (KBr): v 3410, 3233 (NH, OH),
1627 (CO) ecm’!; 'H NMR (DMSO-ds): § 3.00 (s, 3H, NCH3), 3.02 (t, J = 6.9 Hz, 2H, 2-hydroxyethyl
1-H), 3.09 (s, 3H, NCH3), 3.62 (t, J = 6.9 Hz, 2H, 2-hydroxyethyl 2-H), 5.15 (br s, 1H, OH), 8.27 (s, 1H,
olefin H), 8.80 (s, 1H, 5-H), 10.89 (br s, 1H, NH), 12.28 (br s, 1H, NH) ppm; *C NMR (DMSO-dy): &
25.9 (2-hydroxyethyl C-1), 33.9, 39.8 (NCH3), 61.5 (2-hydroxyethyl C-2), 89.2 (C-9b), 100.8 (C-9),
134.6 (C-9a), 140.1 (C-5), 144.9 (C-3a), 153.8 (CO), 154.8 (N=CHN(CHs)>), 162.4 (C-8) ppm; FAB(+)
MS: m/z 290 [M+H]". Anal. Calcd for Ci2H;sN7O2: C, 49.82; H, 5.23; N, 33.89. Found: C, 49.72; H,
5.22; N, 33.67.

General procedure for the preparation of pyrazolopyridines 7a-c, from 3b-d and hydrazine hydrate.
A solution of 3b-d (3 mmol) and hydrazine monohydrate (5 mL) was stirred at rt for 24 h. The cold water
was added to the obtained mixture. The precipitate was isolated by filtration, washed with water, dried
and recrystallized from MeOH to take 7a (0.26 g, 37%), 7b (0.29 g, 32%), and 7¢ (0.73 g, 74%).
3,5,6-Triamino-7-(2-hydroxyethyl)-2-methy-2 H-pyrazolo[4,3-c|pyridin-4(5H)-one (7a) Colorless
needles, mp 246-247 °C (dec.) (MeOH); IR (KBr): v 3443, 3416, 3307, 3234, 3194, 3165 (NH, OH),
1648 (CO) cm™'; 'H NMR (DMSO-dy): § 2.51 (t, J = 6.9 Hz, 2H, 2-hydroxyethyl 1-H), 3.46 (dd, J = 6.9,
12.3 Hz, 2H, 2-hydroxyethyl 2-H), 3.48 (s, 3H, NCH3), 4.63 (t, /= 5.1 Hz, 1H, OH), 4.99 (s, 2H, NH>),
5.52 (s, 2H, NH>), 5.97 (s, 2H, NH,) ppm; *C NMR (DMSO-ds): & 28.8 (2-hydroxyethyl C-1), 34.4
(NCH3), 60.9 (2-hydroxyethyl C-2), 81.5 (C-7), 91.7 (C-3a), 145.5 (C-6), 146.8 (C-3), 149.7 (C-7a),
159.1 (CO) ppm; FAB(+) MS: m/z 239 [M+H]". Anal. Calcd for CoH14NeO3: C, 45.37; H, 5.92; N, 35.27.
Found: C, 45.36; H, 5.87; N, 35.31.

3,5,6-Triamino-7-(2-hydroxyethyl)-2-phenyl-2 H-pyrazolo[4,3-c|pyridin-4(SH)-one (7b) Colorless
prisms, mp 198-200 °C (dec.) (MeOH/diethylether) IR (KBr): v3424, 3309, 3209 (NH, OH), 1656 (CO)
cm’'; "TH NMR (DMSO-ds): § 2.57 (t, J = 6.9 Hz, 2H, 2-hydroxyethyl 1-H), 3.51 (dd, J = 6.9, 12.0 Hz, 2H,
2-hydroxyethyl 2-H), 4.63 (t, J = 5.1 Hz, 1H, OH), 5.07 (s, 2H, NH»), 5.71 (s, 2H, NH>»), 6.14 (s, 2H,
NH), 7.30-7.32 (m, 1H, aryl H), 7.46-7.49 (m, 2H, aryl H), 7.56-7.58 (m, 2H, aryl H) ppm; '*C NMR
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(DMSO-ds): 6 28.8 (2-hydroxyethyl C-1), 60.8 (2-hydroxyethyl C-2), 80.8 (C-7), 92.9 (C-3a), 123.5,
127.1, 129.8, 139.1 (C aryl), 146.5 (C-6), 146.7 (C-3), 150.8 (C-7a), 159.8 (CO) ppm; FAB(+) MS: m/z
301 [M+H]". Anal. Calcd for Ci4H;6NO2+0.15H,0: C, 55.49; H, 5.42; N, 27.73. Found: C, 55.50; H,
5.42; N, 27.85.

3,5,6-Triamino-7-(2-hydroxyethyl)-2-(4-methoxyphenyl)-2 H-pyrazolo[4,3-c]pyridin-4(SH)-one (7c¢)
Colorless prisms, mp 206-207 °C (dec.) (EtOH); IR (KBr): v 3462, 3401, 3360, 3333 (NH, OH), 1664
(CO) ecm’!; 'TH NMR (DMSO-dy): & 2.61 (t, J = 7.0 Hz, 2H, 2-hydroxyethyl 1-H), 3.55 (dd, J = 7.0, 11.9
Hz, 2H, 2-hydroxyethyl 2-H), 3.81 (s, 3H, OCH3), 4.62 (t, /= 5.2 Hz, 1H, OH), 5.08 (s, 2H, NH>), 5.68 (s,
2H, NH.), 5.99 (s, 2H, NH>), 7.04-7.07 (m, 2H, aryl H), 7.47-7.50 (m, 2H, aryl H) ppm; *C NMR
(DMSO-ds): 6 28.2 (2-hydroxyethyl C-1), 55.4 (OCHz3), 60.3 (2-hydroxyethyl C-2), 80.5 (C-7), 92.0
(C-3a), 114.4, 124.9, 131.4 (C aryl), 145.6 (C-3), 145.9 (C-6), 149.9 (C-7a), 157.9 (C aryl), 159.0 (CO)
ppm; FAB(+) MS: m/z 331 [M+H]". Anal. Calcd for CisHi1sNsOs: C, 54.54; H, 5.49; N, 25.44. Found: C,
54.56; H, 5.49; N, 25.30.

General procedure for the preparation of pyrazolotriazolopyridines 8a-c, from 7a-c and DMFDMA.
A solution of 7a-c¢ (1 mmol) and N,N-dimethylformamide dimethyl acetal (0.48 g, 4 mmol) in DMF (5
mL) was stirred at 80 °C for 2 h. After removal of the solvent under reduced pressure, cold water was
added to the residue. The resulting mixture was extracted with CH>Cl, (30 mL). The extract was washed
with water, dried over Na>SOs4 and concentrated in vacuo. The residue was purified by column
chromatography on silica gel with CH>Cl> eluent as the eluent to afford 8a (0.09 g, 31%), 8b (0.11 g,
32%) and 8¢ (0.11 g, 30%).
N’-[2,4-Dihydro-2-methyl-4-oxo-spiro[cyclopropane-1,9-pyrazolo|3,4-d][1,2,4]triazolo[1,5-a]-
pyridin]-3-yl]-NV,N-dimethylmethanimidamide (8a) Pale yellow needles, mp 213-214 °C (dec.)
(CHa2Clo/petroleum ether); IR (KBr): v 1695 (CO) cm™; 'H NMR (CDCl3): & 1.98-2.06 (m, 4H,
cyclopropane 2CHb»), 3.09 (s, 3H, NCH3), 3.17 (s, 3H, NCH3), 3.71(s, 3H, 2-CH3), 7.96 (s, 1H, 7-H), 9.27
(s, 1H, olefin H) ppm; 3C NMR (CDCls): § 18.5 (C-9), 24.9 (cyclopropane CH,), 34.1(NCH3), 34.8
(2-CH3), 40.9 (NCHs3), 97.4 (C-3a), 152.5 (C-7), 153.0 (C-9a), 153.8 (CO), 155.5 (C-3), 159.5
(N=CHN(CH3),), 161.3 (C-8a) ppm; FAB(+) MS: m/z 286 [M+H]". Anal. Caled for C13HisN7O: C, 54.73;
H, 5.30; N, 34.37. Found: C, 54.54; H, 5.32; N, 34.18.
N’-|2,4-Dihydro-2-phenyl-4-oxo-spiro[cyclopropane-1,9-pyrazolo|[3,4-d][1,2,4] triazolo[1,5-a]-
pyridin]-3-yl]-V,V-dimethylmethanimidamide (8b) Pale yellow needles, mp 226-227 °C (dec.)
(CHClo/petroleum ether) IR (KBr): v 1710 (CO) cm™; 'H NMR (CDCls): & 2.09-2.13 (m, 4H,
cyclopropane 2CH>), 3.04 (s, 3H, NCH3), 3.17 (s, 3H, NCH3), 7.30-7.31 (m, 1H, aryl H), 7.41-7.43 (m,
2H, aryl H), 7.77-7.79 (m, 2H, aryl H), 7.99 (s, 1H, 7-H), 9.12 (s, 1H, olefin H) ppm; *C NMR (CDCl5):
0 18.6 (C-9), 25.1 (cyclopropane CH»), 34.4, 40.9 (NCHz3), 98.3 (C-3a), 124.6, 127.2, 128.5, 139.2 (C
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aryl), 152.6 (C-7), 154.0 (C-9a), 154.3 (C-3), 155.7 (CO), 159.7 (N=CHN(CHs3)2), 161.3 (C-8a) ppm;
FAB(+) MS: m/z 348 [M+H]". Anal. Calcd for C;sH;7N7O: C, 62.24; H, 4.93; N, 28.23. Found: C, 62.35;
H, 4.99; N, 28.31.
N’-[2,4-Dihydro-2-(4-methoxyphenyl)-4-oxo-spiro[cyclopropane-1,9-pyrazolo[3,4-d][1,2,4]triazolo-
[1,5-a]pyridin]-3-yl]-NV,N-dimethylmethanimidamide (8c) Pale yellow needles, mp 205-207 °C (dec.)
(CH1Cla/petroleum ether); IR (KBr): v 1709 (CO) cm™'; 'TH NMR (CDCls): & 2.11 (s, 4H, cyclopropane
2CHb»), 3.03 (s, 3H, NCH3), 3.17 (s, 3H, NCH3), 3.84 (s, 3H, OCH3), 6.92-6.96 (m, 2H, aryl H), 7.64-7.68
(m, 2H, aryl H), 7.99 (s, 1H, 7-H), 9.12 (s, 1H, olefin H) ppm; *C NMR (CDCls): § 18.5 (C-9), 24.9
(cyclopropane CHz), 34.3, 40.7 (NCH3), 55.5 (OCH3), 98.0 (C-3a), 113.6, 125.9, 132.3 (C aryl), 152.5
(C-7), 153.7 (C-3), 153.9 (C-9a), 155.6 (CO), 158.6 (C aryl), 159.5 (N=CHN(CHs)>), 161.2 (C-8a) ppm;
FAB(+) MS: m/z 378 [M+H]". Anal. Calcd for C19H19N7O2: C, 60.47; H, 5.07; N, 25.98. Found: C, 64.41;
H, 5.14; N, 26.07.
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