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Abstract:

A simple, straightforward and efficient multicomponent one-pot synthesis of a pharmaceutically
interesting precursor with functionalized 2-amino-3-cyano-4H-pyranopyrazole 8 has been

achieved based on low-cost available commercially materials.

Isolated functionalized pyran reacted with acetic anhydride, and carbon acids, followed by

intermolecular cyclization yielding fused pyranopyridine 10 and pyranopyrimidine 12, 13 and 14
respectively.
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Introduction

4-H-Pyranes and 4-H-pyran fused heterocyclic scaffolds represent an interesting structure
distributed in naturally occurring compounds with a broad spectrum of significant biological and
pharmacological activities. In the last decades, the pharmaceutical industry has actively pushed
the development and achievement of greener alternatives for the exploring and synthesis of drugs
and drug candidates, aiming to replace their poor atom economy reactions and polluting
procedures.The present research is aiming to synthesize fused 4-H-pyran fused heterocyclic in

greener approach and economically fruitful for pharmaceuticals.



LITERATURE REVIEWS

4-H-Pyranes and 4-H-pyran fused heterocyclic scaffolds represent an interesting structure
distributed in naturally occurring compounds with a broad spectrum of significant biological
and pharmacological activities. Multi-component reactions (MCRs) play an important role in
combinatorial chemistry according to the capability to synthesize target compounds with
greater efficiency and atom economy by generating structural complexity in a single step from
three or more reactants. Up to seven starting components have been used and producing
quantitative yields than classical chemistry [1]. Moreover, MCRs offer the advantage of
simplicity and synthetic efficiency over conventional chemical reactions [2-4]. Ideally, all
reaction equilibrium in the complex MCR mixture are reversible, and the last, product-forming
reaction step is irreversible, thus prompting the driving force to shift all intermediates and

starting materials towards a single final product.

The recent demands in drug discovery for more diverse small molecules and their efficient
synthesis have now shifted the attention of the chemist to this as-yet largely unexplored area of
chemistry. In the past few years, a variety of novel MCRs has been discovered and applied to
the synthesis of biologically active molecules [5,6]. The pyranopyrazole nucleus is an interesting
for biological application. Compounds containing this moiety have many pharmacological
properties and play important roles in biochemical processes.

Pyrano[2,3c]pyrazoles have been shown as compounds with potential anticancer A-C [7],
antibacterial [8a,b] antifungal [9] anti-inflammatory [10] and molluscicidal activity [11a,b],
Figure 1. They have also been identified as promising human Chkl kinase inhibitors in

computer-based screening and kinase-ihibition assays [12]
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Figure 1

The first synthesis of 6-amino-pyrano[2,3-c]pyrazol-5-carbonitriles was based on the reaction of
tetracyanoethylene with 3-methyl-1H-pyrazolin-5-one, which 4,4,5-tricarbonitrile derivatives
isolated in good vyields [13]. Otto had proposed the first synthesis of the dihydropyrano[2,3-c]-
pyrazoles in 1974, via the base catalysed cycloaddition of 4-aryliden-5-pyrazolone with
malononitrile.

4-aryl and alkyl substituted pyranopyrazoles [14,15] and pyranopyrazoles with spiro-annulated
piperidine were reported [16,17]. The most common and simple approach toward a variety of
pyranopyrazoles is a three-component base [15,17,18] of aldehydes or cyclic ketones,
malonodinitrile, and corresponding pyrazolin-5-ones. This synthetic pathway gives
pyranopyrazoles in high yields and can be extended to a variety of fused pyranopyrazole
derivatives [19]. Another approach is based on isolation of intermediate unsaturated nitriles [18]
or 4-arylidenepyrazoline-5-ones [18], known as two step protocol. Particularly, synthesis of
pyrano[2,3-c]pyrazoles depend on reagent addition order and the order of the reaction steps in
the two-step protocol, and, in the simplest variation, all starting materials can be mixed and
reacted together. Exploring of new environmental friendly, more effective method for synthesis

of pyranopyrazole in good yield and carrying out more reaction in water is of significant interest.



Discussion

The one-pot four component reaction of appropriate carbonyl compounds 1, ethyl acetoacetate 2,
hydrazine hydrate 3 and malononitrile 4 was mixed together in water at room temperature in the
presence of triethyl amine as a catalyst affording pyranopyrazole 8 in good yield.
Mechanistically, the reaction occurs via initial formation of a,f-unsaturated nitriles 7 by the
Knoevenagel condensation between 3 and 4, and pyrazolone 6 by the reaction between 1 and 2,
where intramolecular cyclization took place. Finally, Michael addition of pyrazolone 6 to «,f5-

unsaturated nitriles 7, followed by cyclization and tautomerization yield pyranopyrazole 8,

Figure 2.
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Figure 2. Proposed mechanism for Pyranopyrazole Synthesis in H,O

Starting from pyran moiety suitably functionalized with amino group and cyano group, we report
here a simple synthesis of fused pyran moiety, pyranopyridine and pyranopyrimidine derivatives.
Treatment of 8 with acetic anhydride at room temperature for 10 h vyielded N-acetyl

pyranopyrazole 9. Scheme 1 The IR spectrum of compound 9 showed absorption bands



assignable to the NH groups, CN, and CO group. Its tHNMR spectrum showed signals at § 2.11
(s, 3H, C3-CH3), 2.34 (s, 3H, O=C-CH3) ppm, 11.80, and 10.94 ppm for 2xNH (D20
exchangeable).

Intramolecular cyclization took place by treating compound 9 with sodium hydroxide (2N) in
ethanol at room temperature for 5 h. The IR spectrum of 10a showed the disappearance of cyano
group and appearance of amino group at 3310, 3220 cm™, and its tHNMR showed signals at
86.34 ppm (s, 1H, CH-pyridone), 5.89- 5.79 ppm (br.s, 2H, NH>).

Treatment pyranopyrazole 8 with ethyl cyanoacetate in absence of solvent, at fusion, afforded 2-
cyanomethyl derivatives 1la,b in good yield. An elimination of ethanol followed by
intramolecular cyclization occurred. The isolated product 11a revealed the presence of cyano
group and amino group at 2227 cm™* and 3323, 3245 cm™ respectively. THNMR showed signals
at 611.12 (s, 1H, NH), 10.64 (s, 1H, amidic NH) ppm, and at 6 4.47 ppm (s, 2H, CHy)
corresponding to active methylene group. The *CNMR confirmed the structure, where its
spectrum revealed at 6 155.74 ppm corresponding to carbonyl amidic structure, 6110.9 ppm
corresponding to the cyano group and 624.2 ppm corresponding to active methylene group.

The presence of carbon acid analogue prompted us to react with benzaldehyde in absence of

solvent, yielded the corresponding unsaturated nitriles in good yield.
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Scheme 1 Synthesis of Fused Pyrazolopyran Derivatives

Continuation of our research program, the pyranopyrazole 8 reacted with malononitrile in
ethanol, and in the presence of sodium hydroxide as a catalyst yielded the corresponding
cyanomethyl derivatives 13 in moderate yield. Treatment of compound 13 with benzaldenhyde
in ethanol, in the presence of triethyl amine as a catalyst afforded the corresponding arylidene

derivative 14.



Conclusion:

In conclusion, we have described a very simple, facile, and efficient practical method for easy
access to fused 4-H-pyran fused heterocycles in greener approach, which have a wide range of
pharmaceutically interesting heterocycles.

Experimental Part:

General:

All compounds were fully characterized by spectroscopic data. The NMR spectra were recorded
at 300 MHz for *H and 75 MHz for C. Deuterated DMSO was used as solvent. The chemical
shifts are expressed in [J (ppm) and the coupling constants (J) in Hertz (Hz). IR spectra were
recorded on a FT-IR using Nujol mulls and NaCl cells. The reactions were monitored by thin
layer chromatography (TLC) using silica gel. The melting points were determined on a melting

point apparatus and are uncorrected.

1- Synthesis of N-acetyl pyrano-pyrazole derivatives (9)

A solution of compound 8 (1mmol) in acetic anhydride (10ml) was stirred at room temperature
for 10h. The formed precipitate was filtered off, dried, and recrystallized from ethanol affording
9a,b.

1.1. N-(5-cyano-3,4,4-trimethyl-1,4-dihydropyrano[2,3-c]pyrazol-6-yl)acetamide 9a

Yield 85%. Mp: 259-260°C. IR (Nujol mull, cm™): 3315 (NH),3206 (NH), 2210 (CN) and 1730
(CO): tHNMR (300 MHz, DMSO-ds, 3,ppm): 11.8 (s,1H,NH), 10.94 (s,1H, NH), 2.34(s, 3H,
COCHs), 2.11(s, 3H, CHs), 1.62(s, 6H, 2X CHs) ppm.



1.2. N-(5-cyano-3-methyl-4-phenyl-1,4-dihydropyrano[2,3-c]pyrazol-6-yl)acetamide 9b

Yield 89%. Mp: 276-289°C. IR (Nujol mull, cm™): 3309 (NH), 3199 (NH), 2201 (CN) and 1724
(CO); 'HNMR (300 MHz, DMSO-ds, 8,ppm): 11.4 (s,1H,NH), 10.72 (s,1H,NH), 7.48-7.21
(m,5H, Ar), 4.48 (s,1H,H-pyran), 2.39, (s,3H,COCH3), 1.96 (s,3H,CH3) ppm.

2- Synthesis of 5-amino-pyrazolo [4°,3’:5,6]pyrano[2,3-b]pyridine-7-one (10)
General procedure:

To a stirred suspention of compound 9 (20 mmol) in 2 ml water, a sodium hydroxide solution
(2N) was gradually added over of a period 30 min. at r.t. After stirring, reflux the mixture for 2h.
The reaction mixture was neutralized by adding hydrochloric acid with cooling. A white
precipitate was formed, were collected by filtration, washed with water and diethyl ether several

times, and dried. The isolated product identified as pyridine derivatives 10
2.1. 5-amino-3,4,4-trimethyl 1,4-dihydropyrazolo [4°,3":5,6]pyrano[2,3-b]pyridine-7-ol 10a

It was recrystallized from ethanol. Yield 56%. Mp: 279-280 °C. IR (Nujol mull, cm™): 3465
(OH), 3310,3220 (NH,), 3201 (NH); 'H NMR (300 MHz, DMSO-ds, &, ppm): 10.94 (s, 1H,
NH), 10.24 (s,1H, NH) , 6.34 (s, H,CH-pyridine), 5.89-5.74 (br.s, 2H, NH2) , 2.14 (s, 3H, CHa),
1.67 (s, 6H, 2XCH3) ppm; ¥ C NMR (75 MHz, DMSO-ds, 5,ppm): 155.8, 149.2,148,3, 141.7,
134.2, 107.9, 103.8, 100.4, 34.1, 30.3, 11.2 ppm.

2.2.  5-amino-3-methyl 4-phenyl 1,4dihydro pyrazolo [4°,3":5,6]pyrano[2,3-b]pyridine-7-one
10b

It was recrystallized from ethanol. Yield 52%. Mp: 291-292 °C. IR (Nujol mull, cm™):3452
(OH), 3301, 3204 (NH2), 3191(NH); *H NMR (300 MHz, DMSO-ds, §,ppm): 11.3 (s,1H, NH),
10.34 (s,1H,NH), 7.42-7.21 (m, 5H, Ar), 6.42 (s,1H,CH-pyridine), 6.24-5.92 (brs, 2H, NH>)
,5.09 (s,1H, CH-Pyran), 2.18 (s,3H,CHz3) ppm;



3- Synthesis of pyranopyrazolo [4°,3":5,6]pyrano[2,3-d]pyrimidine-7-acetonitrile (11)
General procedure:

A mixture of compound 8 (1 mmol) and ethyl cyanoacetoacetate were mixed together at 120 °C

For 10 min. The formed solid was collected, washed by ethanol several times and dried.

3.1. (3,4,4-trimethyl -5-ox0-1,4,5,6 tetrahydropyrazolo [4°,3":5,6]pyrano[2,3-d]pyrimidine-7-

yhacetonitrile 1la

It was recrystallized from dimethylformamide. Yield 78%. Mp: 301-302 °C .IR (Nujol mull, cm-
1): 3160 (NH), 3130 (NH), 2221 (CN); *H NMR (300 MHz, DMSO-ds, &,ppm): 11.12 (s, 1H,
NH), 10.64 (s, 1H, NH), 4.47 (s, 2H, CHy), 1.98 (s,1H, CHa), 1.61 (s, 6H, 2XCH3) ppm; C:
NMR (75 MHz, DMSO-ds, 6, ppm): 155.74, 148.9, 146.2, 138.7, 135.9, 110.9, 101.2, 89.4, 30.1,
28.4,24.2,10.1 ppm.

3.2. (3-methyl -5-oxo -4-phenyl 1,4,5,6- tetrahydro pyrazolo [4,3":5,6]pyrano[2,3-
d]pyrimidine-7-yl)acetonitrile 11b

It was recrystallized from dimethylformamide. Yield 84%. Mp: 315-316°C. IR (Nujol mull, cm’
1): 3169 (NH), 3140 (NH),2235 (CN); 'H NMR (300 MHz, DMSO-ds, &,ppm): 11.31 (s, 1H,
NH), 10.81 (s,1H,NH) ,7.47-7.21 (m, 5H, Ar), 4.71 (s, 1H, H-pyran), 4.61 (s, 2H, CH>), 2.12 (s,
3H, CHs) ppm; C3NMR (75 MHz, DMSO-ds, §, ppm): 156.4, 149.2,148.1, 144.2,138.3,135.8,
129.1,127.7,126.3, 111.2, 102.4, 91.3, 30.1, 24.3, 11.7 ppm

4- (3-methyl -5-oxo -4- phenyl 1,456 tetrahydro pyrazolo [4°,3:5,6]pyrano[2,3-
d]pyrimidine-7-yl)3-phenyl acetonitrile (12)

A mixture of compound 11b (0.1 mmol) and benzaldhyde (0.11mmol) was stirred at r.t. for 3h.

The formed solid was filtrated off, washed by ethanol several times, and diethylether.

It was recrystallized from dimethylformamide. Yield 69%. Mp: 332 °C. IR (Nujol mull, cm™):
3157 (NH), 3140 (NH), 2220 (CN); *H NMR (300 MHz, DMSO-ds, &, ppm): 11.1 (s,1H, NH),
10.41 (s,1H, NH), 8.7 (s,1H), 7.73-7.45 (m,10H,2X Ar), 4.62 (s,1H, H-Pyran), 1.89 (s, 3H, CH3)



ppm; C*¥ NMR (75 MHz, DMSO-ds, 5, ppm): 157.1, 152.8, 150.1, 148.8, 144.9, 135.2, 132.9,
130.1, 129.7, 128.9, 129.2, 126.9, 126.2, 115.3, 102.8, 101.3, 91.7, 31.3, 11.7 ppm;

5- (5-Amino 3-methyl -4- phenyl-1,4,dihydropyrazolo [4,3":5,6]pyrano[2,3-d]pyrimidine-7-
yDacetonitrile (13)

A mixture of compound 8 (Immol) and malononitrile (0.11mmol) in a 5ml of alcoholic NaOH
solution (1N), was refluxed for 3 h. The isolated solid was filtrated off and solublized in water
followed by neutralization .The precipitate was filtrated and washed with water several times. It

was recrystallized from ethanol.

Yield 73%. Mp: 328°C. IR (Nujol mull, cmY): 3324, 3215 (NHy), 3141 (NH), 2217 (CN); H
NMR (300 MHz, DMSO-ds, 8, ppm): 10.9 (s, 1H, NH),7.48-7.35(m, 5H, Ar) , 6.4-6.5 (brs, 2H,
NH2), 5.13(s,1H, H-Pyran), 4.51(s, 2H,CHz), 1.93 (s, 3H, CHs) ppm; C¥* NMR (75 MHz,
DMSO-ds, 5, ppm): 158.1, 155.3, 152.9, 148.4, 138.6, 133.4 , 128.9, 127.1, 126.2,113.4, 93.6,
28.6, 26.2, 11.1;

6. (5-Amino 3-methyl -4- phenyl 1,4,dihydro pyrazolo [4°,3":5,6]pyrano[2,3-d]pyrimidine-7-
y)3-phenyl acetonitrile  (14)

The same procedure which described in preparation 12.

Yield 69%. Mp: 328 °C. IR (Nujol mull, cm™): 3319, 3199 (NH,), 3160 (NH), 2220 (CN),'H
NMR (300 MHz, DMSO-ds, &, ppm): 11.1(s,1H,NH), 8.9(s,1H,CH) ,7.53-7.21 (m,10H, 2XAr), ,
6.45-6.22 (brs, 2H, NH2), 5.2(s,1H, H-Pyran), 1.91(s, 3H, CHy);
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