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Abstract

An efficient, rapid, and eco-friendly protocol for one-pot, four-component preparation of
dihydropyrano[2,3-c]pyrazole and pyrazolopyranopyrimidine derivatives has been developed using
vitamin D as an efficient catalyst. This method involves several advantages such as low-cost and
non-toxic catalysts, high yields of products, simple workup, no hazardous solvent, and no need for
column chromatography.
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Introduction

Multicomponent reactions (MCRs) are one of the most successful methods that use a simple process
for increasing structural diversity and molecular complexity of the desired product, especially in the
manufacture of diverse drug-like heterocyclic compounds[1,2]. As an evolving process for the
preparation of pharmaceutical material, MCRs have rapidly expanded over the past few decades for
a fundamental change in the synthesis of natural products [3-5].

Heterocyclic rings have been considered a privileged architecture that is frequently utilized in the
synthesis of bioactive natural products, functional compounds, and marketed pharmaceuticals[ 6,7].
Amongst the heterocyclic compounds, pyranopyrazole and pyrazolopyranopyrimidinederivatives
have attracted increasing attention as valuable structural scaffolds in many biologically and
therapeutically active molecules. For example, pyranopyrazole and pyrazolopyranopyrimidine
derivatives have been reported to possess anticancer [8], antibacterial [9], anti-inflammatory [10],
analgesic [11], antitubercular, antimicrobial [12], antibronchitic [13], and hepatoprotective
activities[14].

Metal-free organic molecules as safe organic compounds originating from biological compounds
afford an irrefutable benefit considering the viewpoint of both the principles of green chemistry and
the economic issue, plus properties including robust, cheap, available, nontoxic, insensitivity to
moisture and oxygen, attractive for the preparation of compound that does not tolerate metal
contamination (pharmaceutical products), and effective in complex reactions [15,16]. Vitamin D is
one of the essential fat-soluble vitamins in our body, which helps the growth and strength of bones
by controlling the balance and increasing the absorption of calcium, phosphorus, and magnesium. It
is often found to be more related to osteoporosis, parathyroid hormone imbalance, and weakened
immune systems, leading to a lack of attention to other very effective aspects of the vitamin [17-
19].

In this research work, in continuation of our endeavors toward the development of efficient and eco-
friendly methods [20-26], herein, we report rapid and convenient access to the synthesis of
dihydropyrano[2,3-c]pyrazole and pyrazolopyranopyrimidine derivatives in the presence of vitamin
D as a novel, heterogeneous, and green catalyst. The results indicated that vitamin D can promote

the reaction to afford the desired products in high yields. (Scheme 1).
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Scheme 1. Synthesis of dihydropyrano[2,3-c]pyrazoles and pyrazolopyranopyrimidines using vitamin D.

Experimental

General

The Melting points of all pure compounds were obtained by an Electrothermal 9100 apparatus. IR
spectra were measured by an FT-IR-JASCO-460 plus spectrometer. Known products were
identified by a Bruker DRX-300 Avance instrument in DMSO at 300 and 75MHz ("HNMR and "*C
NMR spectra). All chemicals were purchased from Merck (Darmstadt, Germany) and Fluka (Buchs,

Switzerl) companies and used without further purification.

General procedure for the four-component synthesis of dihydropyrano[2,3-c]pyrazole derivatives

Initially, 3-methyl-2-pyrazoline-5-one was precipitated as a white solid using the reaction between
hydrazine hydrate (1.25 mmol) and ethyl acetoacetate (1.0 mmol) at room temperature. Then,
aromatic aldehydes (1.0 mmol), malononitrile (1.0 mmol), vitamin D (0.03g), and ethanol (5mL)
were added to the reaction mixture and stirred for a suitable time at room temperature, and the
progress of the reaction was monitored through TLC (thin layer chromatography). After completion
of the reaction, the catalyst was separated with filtration. The reaction mixture was diluted in hot

ethanol. Then, the obtained solution was cooled to 25 °C to obtain the pure product.

General procedure for the four-component synthesis of pyrazolopyranopyrimidine derivatives

Initially, 3-methyl-2-pyrazoline-5-one was precipitated as a white solid using the reaction between

hydrazine hydrate (1.25 mmol) and ethyl acetoacetate (1.0 mmol) at room temperature. Then,

barbituric acid (1.0 mmol), aldehydes (1.0 mmol), vitamin D (0.03 g), and ethanol (5 mL) were

added to the reaction mixture and stirred for the appropriate time at room temperature. The progress

of the reaction was monitored through TLC (thin-layer chromatography). After completion of the
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reaction, the catalyst was separated with filtration. The reaction mixture was diluted in hot ethanol.

Then, the obtained solution was cooled to 25 °C to obtain the pure product.

Characterization data of compounds.

6-Amino-2,4-dihydro-3-methyl-4-phenylpyrano[2,3-c] pyrazole-5-carbonitrile (5a)

IR (KBr): 3372, 3311, 2193, 1649, 1596, 1489. "HNMR (300MHz, DMSO-de): 1.81 (s, 3H, CH3),
4.62 (s, 1H, CH), 6.91 (s, 2H, NH,), 7.19-7.33 (m, 5H, Ar), 12.14 (s, 1H, NH).">’C NMR (75MHz,
DMSO0-d6): 161.3, 155.2, 144.9, 136.1, 128.9, 127.9, 127.2, 121.3, 98.1, 57.7, 36.7, 10.2.

6-Amino-4-(3-hydroxyphenyl)-3-methyl-2,4-dihydropyrano[2,3-c] pyrazole-5-carbonitrile (Sb)

IR (KBr): 3411, 3360, 3165, 2177, 1648, 1593, 1485, 877. '"HNMR (300MHz, DMSO-de): 1.85 (s,
3H, CHj), 4.51 (s, IH, CH), 6.57-6.64 (m, 2H, Ar), 6.88 (s, 1H, Ar) 7.09-7.14 (m, 1H, Ar), 9.34 (s,
1H), 12.11 (s, 1H, NH). *C NMR (75MHz, DMSO-d6): 161.3, 157.9, 155.2, 146.4, 136.0, 129.7,
121.3,118.6, 114.6, 114.3,98.1, 57.7, 36.6, 10.2.

6-Amino-4-(4-methylphenyl)-3-methyl-2,4-dihydropyrano[2,3-c] pyrazole-5-carbonitrile (5c¢)

IR (KBr): 3410, 3377, 2193, 1647, 1599, 1487. 'HNMR (300MHz, DMSO-dq): 1.81 (s, 3H, CH3),
4.57 (s, 1H, CH), 6.86 (s, 2H, NH,), 7.07 (d, 2H, Ar), 7.13 (d, 2H, Ar), 12.10 (s, 1H, NH). °C NMR
(75MHz, DMSO-d6): 161.2, 155.2, 141.9, 136.2, 136.0, 129.4, 127.8, 121.2, 98.2, 57.9, 36.3, 21.0,
10.2.

6-Amino-4-(4-chlorophenyl)-3-methyl-2,4-dihydropyrano[2,3-c] pyrazole-5-carbonitrile (5d)

IR (KBr): 3409, 3368, 2188, 1645, 1400. '"HNMR (300MHz, DMSO-de): 1.82 (s, 3H, CHs), 4.66
(s, 1H, CH), 6.96 (s, 2H, NH,), 7.22 (d, 2H, Ar), 7.39 (d, 2H, Ar), 12.17 (s, 1H, NH). °C NMR (75
MHz, DMSO-d6): 161.4, 155.2, 143.9, 136.1, 131.7, 129.8, 128.9, 121.1, 97.6, 57.3, 36.0, 10.2.

6-Amino-4-(4-methoxyphenyl)-3-methyl-2,4-dihydropyrano/2,3-c] pyrazole-5-carbonitrile (Se)

IR (KBr): 3484, 3254, 2192, 1643, 1598, 1492. 'HNMR (300MHz, DMSO-de): 1.81 (s, 3H, CH3),
3.74 (s, 3H, OCH3), 4.57 (s, 1H, CH), 6.84 (d, 2H, Ar), 6.88 (s, 2H, NH>), 6. 90 (d, 2H, Ar), 12.10
(s, 1H, NH). °C NMR (75MHz, DMSO-d6): 161.1, 158.4, 155.2, 136.9, 136.0, 128.9, 121.3, 114.2,
98.3, 58.1,55.4,35.9,10.2

6-Amino-4-(2-chlorophenyl) -3-methyl-2,4-dihydropyrano[2,3-c] pyrazole-5-carbonitrile (5f)
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IR (KBr): 3390, 3353, 2190, 1654, 1595, 1489. "HNMR (300MHz, DMSO-de): 1.79 (s, 3H, CH;),
5.11 (s, 1H, CH), 6.99 (s, 2H, NH,), 7.23-7.28 (m, 2H, Ar), 7.41 (d, 1H, Ar), 12.16 (s, 1H, NH). '*C
NMR (75MHz, DMSO-d6): 161.8, 155.4, 141.4, 135.9, 132.5, 131.1, 129.9, 129.0, 128.1, 120.9,
97.3, 56.3, 33.9, 10.0.

6-Amino-4-(4-(dimethylamino)phenyl)-3-methyl-2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(52

IR (KBr): 3385, 3304, 3172, 2189, 1644, 1598, 1488. "HNMR (300MHz, DMSO-dy): 1.82 (s, 3H,
CH3), 2.87 (s, 6H), 4.49 (s, 1H, CH), 6.68 (d, 2H), 6.79 (s, br, 2H), 7.01 (d, 2H), 12.07 (s, IH, NH).
BC NMR (75MHz, DMSO-d6): 161.0, 155.3, 149.7, 136.0, 132.5, 128.4, 121.4, 112.7, 98.6, 58.5,
35.9,10.2.

3-Methyl-4-phenyl-1,4-dihydropyrazolo[4'3':5,6]pyrano[2,3-d] pyrimidine-5,7 (6 H,8H)-dione (7a)
IR (KBr): 3420, 2900, 2700, 1679, 1632, 1588, 1542, 1472, 1356, 1308. '"HNMR (300MHz,
DMSO-de): 2.26 (s, 3H, CHs), 5.47 (s, 1H, CH), 7.08-7.025 (m, 5H, Ar), 10.25 (s, 1H, NH). °C
NMR (75MHz, DMSO-d6): 164.8, 160.9, 151.1, 144.1, 142.9, 128.3, 127.1, 125.8, 106.3, 91.7,
10.4.

3-Methyl-4-(2-chlorophenyl)-1,4-dihydropyrazolo[4',3":5,6] pyrano[2,3-d[pyrimidine-5,7(6H, 8H)-
dione (7b)

IR (KBr): 3403, 3066, 2971, 1717, 1604, 1538, 1469, 1397. "THNMR (300MHz, DMSO-dg): 2.25 (s,
3H, CHj3), 5.57 (s, 1H, CH), 7.14 (t, 1H, Ar), 7.21(t, 1H, Ar), 7.30 (d, 1H, Ar), 7.51 (d, 1H, Ar),
10.31(s, 1H, NH). °C NMR (75MHz, DMSO-d6): 165.1, 161.0, 151.2, 143.7, 140.1, 133.0, 130.6,
129.9, 128.0, 126.6, 105.3,91.0, 10.7.

3-Methyl-4-(4-chlorophenyl)-1,4-dihydropyrazolo[4'3":5,6] pyrano[2,3-d[pyrimidine-5,7(6H, 8H)-
dione (7¢)

IR (KBr): 3436, 3136, 1681, 1625, 1589, 1488, 796. 'HNMR (300MHz, DMSO-dg): 2.25 (s, 3H,
CHs), 5.43 (s, 1H, CH), 7.08 (d, 2H, Ar), 7.28 (d, 2H, Ar), 10.23 (s, 1H, NH). *C NMR (75MHz,
DMSO-d6): 161.1, 151.1, 144.0, 139.9, 134.6, 128.8, 127.0, 106.5, 91.7, 30.6, 20.9, 10.4

3-Methyl-4-(4-nitrophenyl)-1,4-dihydropyrazolo[4',3':5,6] pyrano[2,3-d] pyrimidine-5,7(6H,  8H)-
dione (7d)
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IR (KBr): 3454, 3133, 3038, 2905, 1685, 1625, 1595, 1516, 1488, 1366, 1350, 1275, 841, 549.
'HNMR (300MHz, DMSO-dq): 2.28 (s, 3H, CHs), 5.55 (s, 1H, CH), 7.34 (d, 2H, Ar), 8.12 (d, 2H,
Ar), 10.29 (s, 1H, NH). C NMR (75MHz, DMSO-d6): 165.2, 160.4, 151.7, 151.1, 146.0, 144.1,
128.4,123.6, 105.3,91.5, 31.6, 10.4.

Results and discussion

Optimization of the reaction conditions

In the study, describe two practical protocols using vitamin D as an efficient catalyst.In the first
protocol, the optimization of the reaction conditions in the synthesis of dihydro-pyrano[2,3-
c]pyrazole, the reaction of benzaldehyde (1.0mmol), malononitrile (1.0 mmol), ethyl acetoacetate
(1.0 mmol) and hydrazine hydrate (1.25 mmol) was chosen as a model. Initially, the effect of the
amount of catalyst and different temperatures on the model reaction was evaluated. The results are
summarized in Table 1. Observably, when the model reaction was performed in the percent of 0.03
g of catalyst at room temperature, the best yield reaction was achieved. In the absence of any

catalyst, even after 24 hours of stirring of the reaction mixture, no product was observed.

Table 1. Optimization of conditions.

CHO o o .
M NN <CN Vitamin D N
* OFt # 725 T2 Y Ay EtOH (5 mL)

Entry Catalyst (g) Temperature (°C) Time (min) Yield (%)
1 0.01 rt 80 65
2 0.02 It 60 74
3 0.03 rt 45 85
5 0.04 It 45 85
6 0.05 It 45 85
7 0.03 40 35 85
8 0.03 50 20 80
9 0.03 60 15 72
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Table 2.The effect of solvent for the synthesis of dihydro-pyrano[2,3-c]pyrazoles.

1% o 0 CN Vitamin D
. )J\/U\OEt + HaN-NHz +
CN
Entry Solvent Temperature (°C) Time (min) Yield (%)

1 H,O It 65 70
2 EtOH rt 45 85
3 H,O:EtOH( 1:1) It 55 77
4 H,O:EtOH (2:1) It 45 74
5 H,0:EtOH (1:2) rt 55 82
6 CH,Cl, It 80 72
7 CH;CN It 75 77

Then, to screen the effect of solvent, the model reaction was performed in H,O, EtOH, a mixture of
H,0: EtOH, CH,Cl,, and CH3CN. The results are summarized in Table 2. The results suggest that
EtOH better solvent for the reaction (Table 2, entry 2). After the evaluation of the optimal
condition, the synthesis of dihydropyrano[2,3-c]pyrazole derivatives was investigated using various
aromatic aldehydes to evaluate the catalytic activity of vitamin D (Table 3).

A plausible mechanism for the formation of dihydropyrano[2,3-c]pyrazoles catalyzed by vitamin D
is shown in Scheme 3. At first, vitamin D deprotonates the carbonyl group of aldehydes (1) to
facilitate the Knoevenagel condensation between aldehyde (1) and malononitrile (2) and generates
intermediate (A). In the second step, the Michael addition of pyrazolone (B) to intermediate (A)
generates the intermediate (C) and subsequent tautomerization produces the corresponding

dihydropyrano[2,3-c]pyrazoles(5a-l).

78



N. hazeri, et al., J. Appl. Chem. Res., 17, 1, 72-86 (2023)

Table 3. Synthesis of dihydropyrano[2,3-c]pyrazoles.

o o Ar
ON
ArCHO + MOEt + HaN—NH, + <CN Vitamin > N\/ | |
CN EtOH (5 mL), r.t ﬁ 0~ "NH,
5a-|

Entry Ar Product Time (min) Yield (%) Mp (°C)[Ref]
1 CeH; 5a 45 85 257-259 (264-266)""
2 3-OH C¢H,4 5b 55 78 260-262 (262-264)5
3 4-Me C¢H, 5¢ 65 76 204-206 (206-208)1*)
4 4-C1 C¢H,4 5d 35 85 235-237(234-236)1*
5 4-OM Cg¢Hye Se 60 75 262-264 (262-264)
6 2-C1 C¢H,4 sf 55 81 255-257 (261-263)5
7 4-N(CHj;), C¢H,4 5g 40 88 224-226 ( 227-229)RY
8 2-NO, C¢H, 5h 50 80 225-227 (227-228)1*%
9 3-NO, C¢H,4 5i 50 80 210-212 (208-210)
10 4-NO, C¢H, 5j 35 90 244-246 (250-252)1
11 4-Br C¢H, 5k 40 85 182-184 (185-187)1*Y
12 4-F CeH,4 51 40 83 240-242 (244-245)1*7

To demonstrate the merit of the usage of vitamin D catalyst in organic synthesis, we planned to use
it as the catalyst in the synthesis of pyrazolopyranopyrimidines (Table 6). Therefore, for evaluation
of the optimum conditions, the reaction of benzaldehyde(1.0 mmol), barbituric acid(1.0 mmol),
ethyl acetoacetate(1.0 mmol), and hydrazine hydrate(1.25 mmol) was picked up as a model
reaction, and the effect of the involved parameters such as temperature, catalyst amount, and the
solvent was checked. Based on the obtained data summarized in Table 4,5. It is clarified that the
best condition was found in vitamin D (0.03g) in EtOH(5 mL) at room temperature (Table 4, entry
2).
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Scheme3. Plausible reaction mechanism for the synthesis of dihydropyrano[2,3-c]pyrazoles catalyzed by vitamin D.
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Table 4. Optimization of conditions.

CHO o o 0
)J\)J\ Vitamin D
NH,-NH, + NH -
+ QFEt t 2 2 /g
0 N 0
H
Entry Solvent Temperature (°C) Time (min) Yield (%)

1 H,0 rt 80 81
2 EtOH rt 55 920
3 H,0:EtOH(1:1) It 60 85
4 H,0:EtOH(2:1) rt 60 81
5 H,0:EtOH(1:2) rt 55 88
6 CH,Cl, It 75 74
7 CH;CN It 75 71

Table 5. Optimization of conditions.

0O
CHO o o

Vitamin D
+ )J\/U\OEt + NHz-NHz + NH

o) N*\o EtOH (5 mL)

\J

H
Entry Catalyst (g) Temperature (°C) Time (min) Yield (%)

1 0.01 rt 85 72

2 0.02 It 78 82

3 0.03 rt 55 90

4 0.04 rt 55 90

5 0.05 rt 55 90

7 0.03 40 40 82

8 0.03 50 30 78

9 0.03 60 20 72
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After the evaluation of the optimal condition, the synthesis of pyrazolopyranopyrimidine derivatives

was investigated using various aromatic aldehydes to evaluate the catalytic vitamin D (Table 6).

Table 6. Synthesis of pyrazolopyranopyrimidines.

0 An O
9 2 NH Vitamin D ) NH
ArCHO + MOEt + NHzNHy -+ ﬁk - N

O >N" Y0  EtOH (5 ml), nt N™ >0 °N""0
H H H
7a-l

Entry Ar Product Time (min) Yield (%) Mp (°C)[Ref]
1 C¢Hs 7a 50 90 218-220 (218-219)"
2 2-Cl C¢H, 7b 60 88 228-230 (223-225)5¢
3 4-C1 C¢H,4 7e 55 92 218-220 (222-223)5¢
4 4-NO, C¢H, 7d 45 94 230-232 (233-234)1
5 2-NO, C¢H, Te 55 86 208-210 (208-209)1*!
6 3-NO, C¢H, 7t 55 88 264-266 (265-267)5¢
7 4-Me C¢H, Tg 70 85 205-206 (200-201)5¢
8 4-OMe C¢H,4 7h 70 85 224-226 (225-227)5
9 4-Br C¢H, 7i 55 90 210-212 (211-212)19
10 4-F C¢H, 7i 50 88 238-240 (237-238)1
11 3-OH C¢H,4 7k 75 83 272-274 (279-280)"7
12 4-N(CHs;), C¢H,4 7 50 90 270-272 (276-277)%7

A plausible mechanism for the formation of pyrazolopyranopyrimidines catalyzed by vitamin D is
shown in Scheme 4. At first, vitamin D deprotonates the carbonyl group of aldehyde (1) to facilitate
the Knoevenagel condensation between aldehyde (1) and barbituric acid (4) and generates
intermediate (C). In the second step, the Michael addition of pyrazolone (B) to intermediate (C)
results in the intermediate (D) and subsequent tautomerization produces the corresponding

pyrazolopyranopyrimidines (7a-1).
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Arn O Arl O
N N . T
\H oo o N o N~ O
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CHa A _~

CHz
HO
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Scheme 4. plausible reaction mechanism for the synthesis of pyrazolopyranopyrimidines catalyzed by vitamin D.

In Table 7, the merit of our catalytic system for the synthesis of dihydropyrano[2,3-c]pyrazoles and
pyrazolopyranopyrimidines has been studied in the comparison with some of the selected studies in
the literature. As shown in the obtained results, the efficiency of vitamin D is equal or even higher

compared to other selected studies.
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Table 7. Screening of different catalytic systems for the synthesis of dihydropyrano[2,3-c]pyrazoles and
pyrazolopyranopyrimidinesunder different conditions.

Entry | Product Catalyst Conditions Time(min) Yield(%) Ref.
1 5a MorT (10 mol %) H,O/EtOH, reflux 540 92 [41]
2 5a CTACI (20 mol %) H,0, 90 °C 240 88 [31]
3 Sa Ba(OH), (10 mol %) H,0, reflux 90 93 [40]
4 5a Vitamin D EtOH, rt 45 85 This Work
5 7a OMN/CNTs H,O/EtOH, reflux 70 94 [43]
6 7a TiO, NWs H,O/EtOH, reflux 60 95 [39]
7 7a HPA-F-HNTs H,O0, reflux 35 96 [38]
8 7a Saccharose (20 mol %) Solvent-Free, 100 °C 10 75 [42]
9 7a Vitamin D EtOH, rt 50 90 This Work
Conclusion

In summary, in the present work, we have successfully developed a one-pot four-component for the
synthesis ofdihydropyrano[2,3-c]pyrazole and pyrazolopyranopyrimidine derivatives via a reaction
between aromatic aldehydes, malononitrile or barbituric acid, ethyl acetoacetate, and hydrazine
hydrate at room temperature and vitamin D as an eco-friendly and efficient catalyst. These synthetic
strategies showed some advantages such as simple purification and workup, mild reaction

conditions, cheap and available starting materials, green solvents, and excellent yields.
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