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Abstract

This study explores the efficient and selective hydrazinolysis of
pyranopyrazole derivatives through phenylhydrazine under mild
conditions. The reaction provides a facile approach to ring cleavage via a
new mild protocol and a catalyst-free environment, yielding hydrazone
products. Structural characterization was performed using FTIR, 'H and
13C NMR analyses, confirming the transformation. The findings elaborated
mechanistic insights into pyranopyrazole transformations in the presence

of phenylhydrazine, to contribute to heterocyclic chemistry.
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Introduction
Pyranopyrazole is a heterocyclic compound featuring a pyrazole ring fused
to a pyran ring [1],[2]. It occurs in two isomeric forms: 1,4-

dihydropyranol[2,3-c]pyrazole and 2,4-dihydropyrano[2,3-c]pyrazole [3].
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Among these isomers, 1,4-dihydropyranol2,3-c]pyrazole exhibits greater
stability than its counterpart [4]. It is frequently referred to in the
literature by alternative names, such as 4H-pyrano[2,3-c]pyrazoles,
pyrano[2,3-c]pyrazoles, and 1,4-dihydropyranol[2,3-c]pyrazol-5-yl cyanides
[5]. Pyranopyrazole is a bioactive scaffold that has versatile applications
in agrochemicals, fungicides, insecticides [6], herbicides [7],
molluscicidal[ 8], larvicidal[9], and  biological activities Le.,
antimicrobial[10], antibacterial[11], antitubercular[12], anticancer[13],
antioxidant[14], antiallergenic[15], antineoplastic[16] and anti-
inflammatory [17], antimalarial and cardiovascular applications (Figure

1) [2].

Pyranopyrazole derivatives are genetally synthesized by different
approaches, such as two-compcnent approach wia the reaction of
pyrazolone with arylidenemalononitriles [6] or epoxychalcone [11], three-
component approach wia the reaction of pyrazolone, malononitrile and
aldehyde derivative [18], and four-component approach via the reaction of
benzyl alcohols, ethyl acetoacetate, phenylhydrazine and malononitrile
[3],[19]. Interestingly, the four-component approach modified by several
researchers, including Koohshari et al (2014), was used by using
aldehydes, ethyl acetoacetate, phenylhydrazine, and malononitrile via
Knoevenagel-Michael mechanism. The reaction was conducted in ethanol:
water (8:2), for 12 h stirring at 60 °C under catalyst-free conditions to
achieve 60-78 % yield of the desired product [20]. Recent studies
contributed to improve the yield of pyranopyrazoles by using

Fe304@gC3Ny as a catalyst under 1 h reflux, to produce 97 % product [21].
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Figure 1: Pyranopyrazole derivatives applications

A wide range of catalysts has been used for the four-component reaction
of pyrazolone namely, isonicotinic acid [22], thiourea dioxide [23], lemon
juice [24], NiWO4[25], NaGOH [26], sodium lactate [27], piperidine [28],
PBCMO-amine [22], baker’s yeast [30], Zn(L-proline); [31], solar radiation
[32], H4[SiW12,040] [33], lactic acid:urea: NH4Cl1 [34], agave leaf ash extract
[35], HMS/Pr-Rh-Zr [36], PVC-EDA-Ce!ll [37], NiFe;04@SiO2-H3PW1,040
[38], NaCaP,;07 [39], Fe3z04/MIP-202-H4WOs5 [40], Zn-CA-MOFs [41],
PdO/Al-SBA-15[42], Fe30,@SiO,@CoSB [43], nano-[Fe-PSMP]Cl, [44],
nano-ZrQO; [45], nano-CaO [46], nano-FSiPSS [47], FesOs@chitosan-tannic
acid [48], PAN@melamine/Fe3z04 [49], Cu-DABP@Fe304/ MCM-41 [50],
(MnCoFe;04@Niacin-SO3H)*Cl~ [51], [DBU]J[Ac] [52], P305/SiOg,

H3PO4/Al,03, starch sulfuric acid and cellulose sulfuric acid [53].



Many studies have been reported on pyranopyrazole due to its facile
synthesis and various applications in biological activities and electronic
properties [2]. The available NH; and CN modification in the
pyranopyrazole network is prone to further modification, such as
pyranopyrazole-Schiff base and pyran-bispyrazoles for COX-2 Inhibitors

and cytotoxicity activities, respectively [54],[55],[56].

In this study, we report the synthesis of pyranopyrazoles featuring (CN &
NH; substituents) at the C,;-C3 which were subsequently reacted with
aldehyde derivatives and phenylhydrazine via suitable protocols to achieve
Schiff bases and cyclized products, respectively. Heterocyclic
pyranopyrazoles featuring CN & NH; substituenis are envisaged to be
effectively transformed into new biologicelly active materials. This study

is significant in the development of heierocyclic chemistry-based drugs.

Experimental

General synthesis of pyranopyrazoles (1a-f)

The synthesis of compounds 1la-f was conducted following Vasuki et al
(2008), with some modifications [57]. Ethyl acetoacetate (0.1275 ml, 1
mmol), aldehyde (0.1019 ml, 1 mmol), phenylhydrazine (0.1179 ml, 1.2
mmol) and malononitrile (0.792 ml, 1.2 mmol) were added to 20 ml
ethanol: distilled water (8:2) mixture in the presence of the catalyst
piperidine (15% mmol). The resultant mixture was heated at 60 °C and
stirred well for about 40 min. The reaction was monitored using TLC, and

after the reaction completion, the solid residue was filtered and dried to



obtain and recrystallize the pure product. The compounds were confirmed

by FTIR, 'H and 3C NMR spectroscopy.

6-Amino-3-methyl-1,4-diphenyl-1,4-dihydropyrano/2, 3-c|/pyrazole-
S-carbonitrile (1a)

White solid (0.3182 g, 96.98 % yield), m.p. 184-185 °C (lit. m.p. 182-185
°C [58]), (Found: C, 73.05; H, 4.80; N, 16.63 %. C20H16N4O Requires C,
73.15; H,4.91; N, 17.06). FTIR: 3471, 3321, 3260, 3186, 3067, 2196, 1655,
1594, 1515, 1493, 1441, 1383, 1258, 1185, 1127, 1062, 1026, 904, 827,
754, 702, 702, 687, 647, 613. THNMR [Jy (500 MHz, DMSO dp): 7.80 (dd, J
= 8.9, 1.2 Hz, 2H), 7.49 (t, /= 8.7, 2H), 7.39 - 7.15 (m, 8H), 4.68 (s, 1H),
1.78 (s, 3H). 13C NMR [Jc (125 MHz, DMSO dp): 159.4 (C-NHy), 145.2,
143.8, 143.6, 137.5, 129.3, 128.5, 127.7, 127.0, 126.1, 119.9 (C-Ar), 98.6

(CN), 58.2 (C-CN), 36.7 (CH), 12.5 (CHa).

4-(6-Amino-5-cyanc-3-methyl-1-phenyl-1,4-dihydropyrano/2, 3-
c/pyrazol-4-yl)benzoic acid (1b)

White solid (0.3351 g, 90.00 % yield), m.p. 205-206 °C, (Found: C, 66.95;
H, 4.13; N, 14.98 %. C21H16N4O3 Requires C, 67.73; H, 4.33; N, 15.05).
FTIR: 3403, 3318, 3199, 2175, 1713, 1661, 1634, 1579, 1518, 1454, 1399,
1273,1218,1130, 1105, 1069, 1032, 907, 836, 790, 754, 687, 650. 'THNMR
Ou (500 MHz, DMSO dp): 7.94 (d, /= 7.9 Hz, 2H), 7.81 - 7.77 (d, J = 7.3,
2H), 7.49 (t, /= 8.8, 2H), 7.40 (d, /= 8.3 Hz, 2H), 7.32 (t, /= 8.3, 1H),

7.29 (s, 2H), 4.79 (s, 1H), 1.78 (s, 3H). 13C NMR [Jc (125 MHz, DMSO dp):



167.1,159.6, 148.5, 145.2, 143.9, 137.5, 129.7, 129.6, 129.3, 128.0, 126.2,

120.0, 98.1, 57.6, 36.6, 12.5.

6-Amino-4-(4-cyanophenyl)-3-methyl-1-phenyl-1,4-
dihydropyrano/[2, 3-c]pyrazole-5-carbonitrile (1c)

Light yellow solid (0.3396 g, 96.12 % yield), m.p. 193-194 °C decomposed,
(Found: C, 71.15; H, 4.10; N, 19.53 %. C21H15N50 Requires C, 71.38; H,
4.28; N, 19.82). FTIR: 3380, 3306, 3198, 2234, 2188, 1648, 1589, 1512,
1446, 1384, 1262, 1120, 1066, 1026, 827, 755, 675, 545. THNMR [z (500
MHz, DMSO dp): 7.81 (dd, /= 16.8, 6.2 Hz, 4H), 7.49 (dd, /= 9.2, 3.7 Hz,
4H), 7.38 - 7.24 (m, 3H), 4.83 (s, 1H), 1.77 (s, 3H). 13C NMR [Jc (125 MHz,
DMSO dp): 159.7, 149.1, 145.1, 144.0, 137.4, 132.6, 129.3, 128.9, 126.2,

120.1, 119.7, 118.7, 109.9, 97.6, 57.0, 36.6, 12.5.

6-Amino-4-(4-fluorophenyl)-3-methyl-1-phenyl-1,4-
dihydropyrano/[2, 3-c]pyrazole-5-carbonitrile (1d)

White solid (0.3151 g, 90.99 % yield), m.p. 169-171 °C (lit. m.p. 170-172
°C [58]), (Found: C, 68.95; H, 4.22; N, 16.03 %. C,0H15FN4O Requires C,
69.35; H, 4.37; N, 16.18). FTIR: 3449, 3320, 3214, 3046, 2199, 1660, 1592,
1507, 1444, 1387, 1222, 1124, 1066, 1021, 813, 751, 674. 'THNMR [ (500
MHz, DMSO dp): 7.78 (d, /= 7.6 Hz, 2H), 7.52 - 7.46 (m, 2H), 7.35 - 7.28
(m, 3H), 7.23 (s, 2H), 7.17 (t, /= 8.8 Hz, 2H), 4.72 (s, 1H), 1.78 (s, 3H).
13C NMR [Jc (125 MHz, DMSO dp): 162.1, 160.1, 159.3, 145.2, 143.8, 139.8,
139.8, 137.5, 129.7, 129.6, 129.3, 126.2, 120.0, 119.9, 115.3, 115.1, 98.4,

58.0, 35.9, 12.5.



6-Amino-4-(4-bromophenyl)-3-methyl-1-phenyl-1,4-
dihydropyrano/2, 3-c]pyrazole-5-carbonitrile (1e)

White solid (0.3787 g, 93.00 % yield), m.p. 170-172 °C (lit. m.p. 171.5-173
°C [58]), (Found: C, 57.65; H, 3.60; N, 13.33 %. C20H15BrN4O Requires C,
58.98; H, 3.71; N, 13.76). FTIR: 3448, 3322, 3203, 3053, 2196, 1658, 1588,
1506, 1388, 1258, 1123, 1065, 1018, 805, 748, 680. 'HNMR [y (500 MHz,
DMSO dp): 7.78 (d, /= 7.6 Hz, 2H), 7.53 (d, /= 8.4 Hz, 2H), 7.50 - 7.45
(m, 2H), 7.31 (t, /= 7.4 Hz, 1H), 7.24 (d, /= 5.8 Hz, 3H), 7.22 (s, 1H), 4.70
(s, 1H), 1.79 (s, 3H). 13C NMR [Jc (125 MHz, DMSO dp): 159.5, 145.2,
143.9, 143.0, 137.5, 131.4, 130.1, 129.3, 126.2, 120.1, 120.0, 119.9, 98.1,

57.7, 12.6.

6-Amino-3-methyl-1-phenyl-4-(thiophen-2-yl)-1,4-
dihydropyrano/[2, 3-c]pyrazole-5-carbonitrile (1f)

Orange solid (0.2976 g, 38.02 % yield), m.p. 224-225 °C (lit. m.p. 220-225
°C [58]), (Found: C, 64.45; H, 4.40; N, 16.53 %. C18H14N4OS Requires C,
64.65; H, 4.22; N, 16.75). FTIR: 3452, 3306, 3194, 3059, 2191, 1652, 1585,
1502, 1441, 1379, 1118, 1056, 747, 690. THNMR [z (500 MHz, DMSO dp):
7.78 (d, /= 8.7 Hz, 2H), 7.49 (t, /= 7.2 Hz, 1H), 7.43 (d, /= 5.1 Hz, 2H),
7.32 (t, /= 6.9 Hz, 1H), 7.27 (s, 2H), 7.07 (d, /= 3.4 Hz, 1H), 7.00 - 6.96
(m, 1H), 5.09 (s, 1H), 1.92 (s, 3H). 13C NMR [J¢c (125 MHz, DMSO dp): 159.2,
148.7,145.4,143.4,137.4,137.3,129.3, 126.6, 126.2, 125.4, 124.9, 119.9,

119.7, 98.6, 58.5, 31.9, 12.4.

General Synthesis of Compounds (2a-f)



The synthesis of compounds 2a-f was conducted following the procedure
described by Murahari et al (2019) [54] with some modifications. An
equimolar amount of suitable pyranopyrazole derivative 1a-f (1 mmol) and
benzaldehyde derivatives (1 mmol) were reacted in the presence of 0.5-1
ml of different catalysts (i.e., glacial acetic acid, piperidine, TEA) and 25
ml solvents (i e., THF, absolute ethanol, EtOH, MeOH under altered reflux
for 3 h, 6 h, 12 h, and overnight. After reaction completion, the mixture
was cooled and poured into crushed ice to achieve a crude product, which
was purified with a neutral alumina column. Unfortunately, the final target

compound 2a-f was not achieved.

General Synthesis of Compounds (3a-f)

The synthesis of compounds 3a-f was conducted following the procedure
described by El-Arab et al (2015) and Aziz et al. (1982) using different
hydrazine derivatives. An equimolar amount of suitable pyranopyrazole
derivative 1a-f (1 mmol) and phenylhydrazine (0.0983 ml, 1 mmol) was
refluxed for 2-4 h in the absence of acid or base in either 1,4-dioxane [55]
or ethanol [56].

The resultant mixture was then cooled and poured onto a mixture of
hydrochloric acid and ice/water. The formed solid product was not the

desired product.

General Synthesis of Compounds (4a-f)
Pyranopyrazole derivative 1a-f (1 mmol) was treated with phenylhydrazine

(0.0983 ml, 1 mmol) in the absence of acid and base in ethanol. The



resultant mixture was heated at 80 °C for 5-6 h under reflux. The reaction
was monitored using TLC. After completion, the solid residue was filtered
and dried to obtain the product, which was subsequently recrystallized to
achieve a pure product. The compounds were analyzed using CHN

elemental analysis, and confirmed by FTIR, 1H and !3C NMR spectroscopy.

(E)-1-benzylidene-2-phenylhydrazine (4a)

Light yellow crystal (0.1628 g, 82.95 % yield), m.p. 155-156 °C (lit. m.p.
156-157 °C [59]), (Found: C, 78.95; H, 5.96; N, 14.03 %. C13H12N2 Requires
C, 79.56; H, 6.16; N, 14.27). FTIR: 3305, 3030, 2885, 1586, 1491, 1252,
1128, 1062, 748, 685. THNMR [Jg (500 MHz, DMSO dg): 10.31 (s, 1H), 7.87
(s, 1H), 7.64 (d, /= 7.8 Hz, 2H), 7.38 (t, /= 7.6 Hz, 2H), 7.28 (t, /= 7.3
Hz, 1H), 7.22 (t, /= 7.9 Hz, 2H), 7.08 (d, /= 8.5 Hz, 2H), 6.75 (t, /= 7.2
Hz, 1H). 13C NMR [J¢c (125 MHz, DMSO dp): 145.3, 136.4, 135.8, 129.1,

128.6, 127.9, 125.6, 116.6, 112.0 [60].

(E)-4-((2-phenylhydrazono)methyl)benzoic acid (4b)

White solid (0.1922 g, 80.01 % yield), m.p. 209-210 °C, (Found: C, 69.65;
H, 4.60; N, 11.33 %. C14H12N202 Requires C, 69.99; H, 5.03; N, 11.66).
FTIR: 3309, 2992, 2822, 2657, 2530, 1679, 1585, 1499, 1414, 1260, 1129,
916, 754, 688. 'THNMR [Jg (500 MHz, DMSO dp): 10.59 (s, 1H), 7.97 (d, J =
8.4 Hz, 2H), 7.91 (s, 1H), 7.74 (d, /= 8.4 Hz, 2H), 7.27 - 7.21 (m, 2H), 7.12
(d, /= 7.6 Hz, 2H), 6.78 (t, /= 7.3 Hz, 1H). 13C NMR [J¢ (125 MHz, DMSO

ds): 167.3, 144.9, 140.2, 135.2, 129.8, 129.6, 129.2, 125.5, 119.4, 112.3.



(E)-4-((2-phenylhydrazono)methyl)benzonitrile (4c)

Yellow solid (0.1924 g, 86.98 % yield), m.p. 149-151 °C, (Found: C, 75.75;
H, 4.88; N, 18.63 %. C14H11N3 Requires C, 76.00; H, 5.01; N, 18.99). FTIR:
3286, 3044, 2212, 1575, 1494, 1256, 897, 832, 750, 688. THNMR [y (500
MHz, DMSO dp): 10.72 (s, 1H), 7.88 (s, 1H), 7.82 - 7.76 (m, 4H), 7.28 -
7.21 (m, 2H), 7.13 (d, /= 7.6 Hz, 2H), 6.81 (t, /= 7.3 Hz, 1H). 13C NMR [Ic
(125 MHz, DMSO dp): 144.5, 140.4, 134.0, 132.4, 129.1, 125.9, 119.6,

119.0, 112.4, 109.2.

(E)-1-(4-fluorobenzylidene)-2-phenylhydrazine (4d)

Brown solid (0.1671 g, 78.01 % yield), m.p. 129-130 °C, (Found: C, 72.75;
H, 4.86; N, 12.93 %. C13H11FN;, Requires C, 72.88; H, 5.18; N, 13.08).
FTIR: 3307, 3048, 1588, 1489, 1228, 911, 830, 752, 691. THNMR [y (500
MHz, DMSO dp): 10.31 (s, 1H), 7.87 (s, 1H), 7.69 (dd, /= 8.8, 5.7 Hz, 2H),
7.25 -7.18 (m, /= 8.6, 5.1 Hz, 4H), 7.08 (d, /= 7.5 Hz, 2H), 6.75 (&, J =
7.3 Hz, 1H). 13C NMR []c (125 MHz, DMSO dp): 162.8, 160.8, 145.2, 135.3,

132.4,129.0, 127.4, 127.4, 118.7, 115.6, 115.4, 111.9.

(E)-1-(4-bromobenzylidene)-2-phenylhydrazine (4e)

Brown solid (0.2228 g, 80.98 % yield), m.p. 119-120 °C, (Found: C, 56.25;
H, 3.99; N, 10.03 %. C413H11BrN; Requires C, 56.75; H, 4.03; N, 10.18).
FTIR: 3303, 3044, 1587, 1488, 1248, 1129, 999, 901, 745, 687. 'HNMR [y
(500 MHz, DMSO dp): 10.43 (s, 1H), 7.83 (s, 1H), 7.57 (dd, J = 19.7, 8.6

Hz, 4H), 7.25 - 7.19 (m, 2H), 7.09 (d, /= 7.5 Hz, 2H), 6.76 (t, /= 7.3 Hz,



1H). 13C NMR [Jc (125 MHz, DMSO dp): 145.0, 135.1, 135.0, 131.5, 129.0,

127.3, 120.6, 118.9, 112.0.

(E)-1-phenyl-2-(thiophen-2-ylmethylene)hydrazine (4f)

Yellow solid (0.1557 g, 77.00 % yield), m.p. 108-109 °C, (Found: C, 64.95;
H, 4.86; N, 13.63 %. C11H19N2S Requires C, 65.32; H, 4.98; N, 13.85).
FTIR: 3308, 3086, 1589, 1493, 1248, 1130, 896, 836, 745, 694. THNMR [y
(500 MHz, DMSO dp): 10.29 (s, 1H), 8.08 (s, 1H), 7.44 (d, /= 5.1 Hz, 1H),
7.26 - 7.17 (m, 3H), 7.09 - 6.98 (m, 3H), 6.75 (t, /= 7.3 Hz, 1H). 13C NMR
Oc (125 MHz, DMSO dp): 145.0, 140.9, 131.9, 129.1, 127.5, 126.4, 125.6,

118.7, 111.8.

Results and Discussions

The cleavage of pyranopyrazole derivatives under phenylhydrazine, as
described in Scheme 1, and the spectroscopic elucidation of these
compounds were reported in the Supplementary Information, Figures
S1-3. In this study, ethyl acetoacetate, aldehyde, phenylhydrazine, and
malononitrile were reacted via condensation in a one-pot reaction at 60 °C
for 40 min to achieve pyranopyrazole derivatives (1a-f) in 88.02-96.98 %
yields. In the preparation of pyrazole-Schiff bases (2a-f), further
modification of the available NH, active group was attempted by reaction
with a series of aldehydes following the protocol [54]. However, the route
to the synthesis of the pyrazole-Schiff base was not as anticipated for
heterocyclic moieties. Treatment of (1a-f) with halogenated aldehydes in

a series of acidic (acetic acid, sulfuric acid) and basic media (piperidine,



sodium hydroxide, potassium hydroxide) in organic solvents (EtOH,
MeOH, THF) under various reaction conditions (reflux, room temperature)
produced unstable intermediates as monitored by TLC. Thus, under both
acidic and basic conditions, the pyran framework proved unstable,
consistently undergoing ring cleavage and yielding transient
intermediates [61]. Given these limitations, this pathway was discontinued
in favor of alternative strategies.

To overcome the instability, cyclization reactions were focused on to afford
bis-pyrazole pyran derivatives. In these reactions, pyranopyrazole cyclized
to form pyrazole, with the amino group departing as ammonium. Primarily,
the hydrazine moiety acts as a nucleophile attacking the electrophilic
carbon of the pyran ring and destabilising the pyran framework, which
causes ring opening. The resulting intermediate wia intramolecular
rearrangement is not favourable to form the targeted product. The
substituted hydrazines (NH:-NH-R) contributed a significant role in
modulating the reaction due to the two nitrogen atoms. In ongoing studies,
the R=Ph group increased the nucleophilicity of the terminal -NH2, which
also promoted ring closure by positing the phenyl moiety at the second
nitrogen atom [63]. Attempts for compounds 3a-f synthesis were
unsuccessful under the applied conditions (Ze., under catalyst-free
conditions for 2-4 h reflux) due to the sensitive pyran and the delicate
balance between ring stability and nucleophilic reactivity [64],[65]. The
FTIR spectra for compound (3a-f) exhibited the disappearance of cyanide
(CN) signal [56] while THNMR displayed N-NH signal at 10.31-10.72 ppm,

attributed to the formation of benzylidenes 4a-f [66]. Additionally, 13C



NMR showed fewer carbon atoms, while the characteristic -C=N-NH
signal at 131.9-135.8 ppm further supported the formation of benzylidenes
(4a-f). The phenyl group position was difficult to identify [67] and required
further resolution. Based on the pKa values of phenylhydrazine, the NH;

group (pKa=27.8) is more nucleophilic compared to the NH group

(pKa=21.7).
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Scheme 1: Synthesis of pyrenopyrazole-Schiff bases (2a-f); bis-pyrazole

pyran derivatives (3a-f) and pyranopyrazole cleavage to benzylidenes

(4a-f)

The C-C bond cleavage and ring-opening phenomena of heterocyclic
compounds are commonly reported, as observed in Biginelli pyrimidines
via hydrazinolysis [65]. Several studies have highlighted the exclusive
behavior of phenylhydrazine as a cleaving agent [62],[63] of different
heterocyclic compounds. Under moderate reaction conditions, the reaction

of pyranopyrazole with phenylhydrazine produced hydrazone instead of



the pyrano-bis-pyrazole product. Consequently, hydrazone (4a-f) was

confirmed and obtained in 77-87 % yield.

The basic nature of phenylhydrazine enables it to cleave pyranopyrazoles
into the stable hydrazone compound, as supported by NMR and elemental
analysis. A plausible mechanism is proposed in Scheme 2. Pyranopyrazole
exhibits pronounced sensitivity to both acidic and basic conditions [68],
which predisposes the pyran ring to cleavage upon treatment with
phenylhydrazine. Phenylydrazine acts as a strong nucleophile, attacking
the electrophilic carbon of the heterocyclic pyran ring to facilitate ring-

opening and the subsequent formation of a stable hydrazone derivative.
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Scheme 2: Plausible pyranopyrazole cleavage mechanism via

phenylhydrazine

Conclusion

This study presents a facile and selective hydrazinolysis of pyranopyrazole
derivatives using phenylhydrazine under mild conditions. The
pyranopyrazole derivatives are highly sensitive under the applied reaction

conditions, often leading to ring cleavage and instability during



interactions with phenylhydrazines to yield hydrazones. The findings
contribute to heterocyclic chemistry by highlighting the role of
pyranopyrazole derivatives towards phenylhydrazines, thereby offering
valuable insights into eco-friendly synthetic methodologies that support
the efficient preparation of hydrazone frameworks with potential

biological relevance.
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