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An efficient, green, and facile four-component reaction for the preparation of pyrano[2,3-
c]pyrazole derivatives through the condensation reaction of aryl aldehydes, ethyl acetoacetate,
malononitrile, and hydrazine hydrate or phenyl hydrazine in the presence of commercially
available organocatalyst sodium benzoate under aqueous condition is reported. The products are
produced with high yields and in shorter reaction times. It also is mild, safe, green and
environmental friendly.
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1. Introduction

2-Amino-4-substituted pyrano[2,3-c]pyrazole-3-carbonitriles (pyranopyrazoles) are an important
category of heterocyclic compounds, which play a significant role in pharmaceutical field and
biologically active compounds. Compounds bearing pyranopyrazole system have been found to have
various biological activities, for instance antimicrobial,’ analgesic,2 vasodilator,® anticancer,* anti-
inﬂammatory,6 inhibitors of human Chkl kinase,” molluscicidal,® antifungicidal,g and also as
biodegradable agrochemicals,' Furthermore, some of these compounds are commonly in
employment such as cosmetics and pigments.''

Pyranopyrazoles were first obtained in 1973 by reaction between 3-methyl-1-phenylpyrazolin-5-
one and tetracyanoethylene.'” The 2-amino-4-substituted pyrano[2,3-c]pyrazole-3-carbonitriles were
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obtained in 1974 by addition of malononitrile to 4—21rylidene—3—methyl—2—pyrazolin—5—one.13
Afterwards several other synthetic approaches to synthesis of these compounds were reported. These
approaches include one-pot three-component condensation of pyrazolone derivatives, malononitrile,
and aromatic aldehydes or pyrazole-aldehydes;'* three-component cyclocondensation of substituted
piperidin-4-ones, pyrazol-5-ones, and malononitrile;"> four-component reaction of aldehydes, ethyl
acetoacetate, malononitrile with hydrazine hydrate;'®'® 23 two-component reaction of 3-methyl-2-
pyrazolin-5-one with benzylidenemalononitriles;'® and four-component reaction involving aromatic
aldehydes, Meldrum's acid, hydrazine hydrate, and ethyl acetoacetate.’”” Various catalysts and
conditions have been used to synthesis pyranopyrazoles, via reactions mentioned above.Some of
those catalyst are triethylamie in ethanol or water,'**"* p-dodecylbenesulfonic acid (DBSA) in water
at 60 °C,"*" hexadecyltrimethylammonium bromide (HTMAB) at 60-80 °C,'"*! ammonium acetate in
ethanol,'*® triethylbenzylammonium chloride (TEBACI) at 90 °C in water solution,'*! B-cyclodextrin
in water,'® imidazole in aqueous medium,'” piperidine in ethanol or water,"*'® cinchona alkaloid
organocatalysts in dichloromethane," per-6-amino-B-cyclodextrin (per-6-ABCD) ,** Brensted-acidic
ionic liquid under solvent-free conditions,”’ [bmim]OH,* L-proline and y-alumina,> silicotungstic
acid  (Hy[SiW1204]),* glycine,” NaOH in EtOH under microwave irradiation,”
dodecyltrimethylammonium bromide,*” iodine in water,® L-proline at 50 °C in [Bmim]BF,,” silica
in water,”® nanostructured MgO,”' Ba(OH), in water at reflux,”> and cetyltrimethylammonium
chloride (CTACI).* Other non-catalytic methods were also applied for the synthesis of these
compounds. For example there were synthesis in aqueous ethanol at 100 °C for 2.5 h,*~** four-
component reaction in boiling water for 2-6 h,* ultrasound activated reaction,'¥ synthesis under
microwave irradiation,*® and reaction in solvent-free conditions.’’All listed above methods suffer
from one or more drawbacks such as prolonged reaction time, use of organic solvents, strong acid or
base catalysts, ionic liquids, required special apparatus (e.g., microwave and ultrasound irradiation),
and harsh reaction conditions procedures. Thus, the development of new environmental friendly,
more effective procedure for the synthesis of pyranopyrazoles and carrying out organic reactions in
water is of significant interest.

Water, due to features such as ecological friendly, safe, non-toxic, non-flammable, clean, green,
inexpensive as well as readily available has been recommended to be used as a solvent in organic
syntheses.'* *** Sodium benzoate is a readily accessible commercially material, and has been used in
cosmetics and pharmaceutical industry. This compound is also well known for their application in
food industry as a safe preservative and antimicrobial agent. Literature survey also reveals that
sodium benzoate has been employed as an eco-friendly base catalyst for the synthesis of cyclic
ketones,* arylmethylene isoxazol-5(4H)-ones,” and substituted olefins via Knoevenagel
condensation.*®

In consideration of green chemical methodology, here we report the synthesis of pyranopyrazoles
(5) starting from aryl aldehydes (1), hydrazines (2), ethyl acetoacetate (3), and malononitrile (4) using
sodium benzoate as the mild basic catalyst in water (Scheme 1).

@] Q . H>N CN
)J\ N N Sodium benzoate
N Z 0 —
Ar” THH RHNJ\“_|2 + + TG C 15 mol% -~ O Ar

o0 0 Water, r.t. __

“N_ ~

R ~
1(a-q) 2 3 4 N
5 (a-q)

R: H, Ph
Ar: CgHs, 4-NO,CgH.4, 3-NO,CgHy, 2-NO,CgHy, 4-CH3CgHa, 4-OCH3CgHa, 4-OHCgH.,
4-(NMe)2-C6H4, 4-C|CGH4_

Scheme 1. One-pot four-component synthesis of pyranopyrazoles (5)
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2. Results and Discussion

As an introductory test, we run a model reaction by stirring an equimolecular amounts of 4-
hydroxybenzaldehyde (1g) with hydrazine hydrate (2a), ethyl acetoacetate (EAA) (3), and
malononitrile (4) in the presence of sodium benzoate (2.5 mol %) in water (5 mL) at 25 °C that result
in the formation of the desired compound 5g with 45% yield (Table 1, entry 1). The product was
identified by spectral data and mixed melting point with an authentic sample. In order to seek an
optimal solvent and optimal amounts of catalyst, the model reaction was explored using different
solvents such as water, ethanol, tetrahydrofuran (THF), dichloromethane, chloroform, and mixture of
water/ethanol (1:1) at room temperature (Table 1, entries 6-10). Also, in order to optimize the sodium
benzoate loading, the model reaction was performed with different amounts of catalyst at ambient
temperature. The results are summarized in Table 1.

Table 1. Synthesis of 5¢g in the presence of different solvents and amounts of catalyst

o)
i N N
H o+ H2N,NH2 + )i + Sc_c* Catalyst 5 oH
o 2 (1 mmol) o X 4 (1 mmol) Solvent, r.t.
19 (1 mmol) 3 (1 mmol)

Entry Solvent Amounts of catalyst (mol%) Time (min) Yield (%)
1 H,0O 2.5 35 45
2 H,O 5 30 53
3 H,O 10 30 84
4 H,O 15 30 90
5 H,0O 20 30 81
6 EtOH 15 35 46
7 CH,Cl, 15 80 Trace
8 THF 15 80 15
9 CHClL; 15 80 Trace
10 H,0O:EtOH (1:1) 15 35 60

* Reaction conditions: 4-hydroxybenzaldehyde 1g (1 mmol), hydrazine hydrate 2 (I mmol), ethyl acetoacetate 3 (1
mmol), malononitrile 4 (1 mmol), water (5 mL), room temperature. " Isolated yield of product.

It was found that polarity of solvent and presence of sodium benzoate play an important role for the
success of the reaction. The results indicated that solvents were also affected on the yield of 5g (Table
1, entries 4-8). In the organic solvents such as dichloromethane, THF, ethanol, or chloroform, the
yield of 5g were lower and longer reaction times were required, whereas the reaction using water
resulted in good yields (Table 1, entries 1-4). Based on the results, water was chosen to be the best in
terms of the yield of the product and reaction time in comparison to common organic solvents. From
Table 1, we observed that the yield of product Sg was improved and the reaction time was relatively
shortened when the amount of catalyst was increased from 2.5 mol% to 15 mol% (Table 1, entries 1-4).

After optimization the reaction conditions, the scope of the method was investigated with a series
of substituted aromatic aldehydes and phenyl hydrazine. The results are summarized in Table 2. As
seen from Table 2, the aromatic aldehydes carrying both electron-withdrawing (Entries 2-4, 9-10, 12-
13 and 17) and electron-donating functional groups (Entries 5-8 and 14-16) underwent successful
condensation with hydrazine hydrate, EAA, and malononitrile in the presence of catalytic amount of
sodium benzoate in water at room temperature to afford the corresponding products in good yields. It
seems that the electronic effects and the nature of the substituents on the aryl aldehyde ring have
slight effect on both reaction yield and necessary time for the completion of the reaction. The
electron-donating groups somewhat increased reactivity and afforded higher yields compared to
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electron-withdrawing groups. In addition, this reaction was affected by steric effect. For example, 2-
nitrobenzaldehyd (1d) required longer reaction time compared to 4-nitrobenzaldeyde (1b) owing to

sterically hindered ortho position, substituted by nitro group 1d. However, when the reaction of

phenyl hydrazine was carried out with aryl aldehydes, EAA, and malononitrile, corresponding
products were obtained in good yields after longer reaction times, compared to hydrazine hydrate
(Table 2, entries 11-17). In this case, the effects of functional groups in the aromatic aldehyde ring
were opposite. Remarkably, the reactions were clean and all the products were obtained after only a
filtration and simple washing with water and ethanol. Thus, a simple work-up gives the title products

without of need of chromatographic purification.

Table 2. Synthesis of 6-amino-4-aryl-3-methyl-1,4-dihhydropyrano[2,3-c]pyrazole-5-carbonitriles (5)*

0 H,N CN
o NH N N Sodium benzoate 2 _
Ar)LH"' RHN™ 2 + + \\C\/C/’ 15 mol% . g Ar
o0 o Water, r.t. —
~N_ ~
. R ~
1aj 2 3 4 N
5a-q)
Entry  Aldehyde 2,R Product Time Yield Mp (°C)
(min) (%) Found Lit.
1 ©/CHO H 5a 60 85 242-243 243%
1a
2 CHO H 5b 50 87 249-250 2494
/©/ 251-252%
O,N
1b
3 O,N \©/CHO H 5¢ 50 85 235-236 232-234%
1c
4 @ECHO H 5d 60 82 242-244 241-244%
NO,
1d
5 /©/CHO H Se 30 90 195-197 196-198%
HsC
le
6 /©/CHO H 5f 30 91 208-211 211
H,CO
1f
7 /©/CHO H 5¢g 30 90 225-227 224-226%
HO
1g
8 /©/CHO H 5h 45 94 217-219 218-220%
H3C\’\Il
CHs;
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CHO H 5i 60 92 230-232 233-234%

\O
=0

10 @ECHO H 5j 60 84 246-248 246-247%
Cl

1j

11 CHO Ph 5k 60 82 169-170 170-171'*
©/ 167-169*
1a

12 /©/CHO Ph 51 70 83 189-191 190-192*
O,N
1b

13 O,N ©/0Ho Ph 5m 75 78 189-190 190-191'*
1c

14 /©/CHO Ph 5n 45 84 179-181 176-178%
HsC
le

15 /©/CHO Ph 50 45 86 174-176 171-172%¢
H,CO
1f

16 /©/CHO Ph 5p 45 85 211-213 210-212'*
HO
lg

17 /©/CHO Ph 5q 75 79 173-174 175-176'*
Cl
1i

* Reagents and conditions: aryl aldehyde 1 (I mmol), hydrazine or phenyl hydrazine 2 (I mmol), ethyl acetoacetate 3 (1 mmol), malononitrile 4 (1
mmol), water (5 mL), room temperature. ° The yields are of pure products obtained after filtrated and recrystallization from ethanol.

A plausible reaction mechanism for this condensation is shown in Scheme 2. On the basis of the
chemistry of pyranopyrazoles, it is reasonable to assume that pyrazolone derivative 6 was formed by
the condensation reaction of hydrazine derivative 2 with ethyl acetoacetate 3.Then dicyanoalkene 8
was formed through the reaction base-catalyzed of aryl aldehyde 1 and malononitrile 4. The next step
may involve Michael addition of the methylene group of pyrazolone 7 to an electron deficient carbon
of dicyanoalkene 8, which gives an intermediate 9, leading to cyclic intermediate 10, followed by 10
is tautomerized to target pyranpyrazoles Sa-q.

The catalyst can be recovered by evaporation of solvent from filtrated solution after each run and
reused. TLC showed that there was no starting materials or product in the filtered solution. All of the
substrates were transferred to target products completely. Measuring the melting point of the solid
residual after evaporation of the solvent, confirmed the presence of sodium benzoate in the filtrate.
The recycled catalyst was applied in four consecutive runs of the same model reaction under the
optimized conditions (1™ use: 90%, isolated yield, 2™ use: 89% isolated yield, 3™ use: 85% isolated
yield, and 4™ use: 80% isolated yield). Decreasing the yield is probably related to slight reduction in
the catalytic activity of sodium benzoate or decreasing of amount of recycled catalyst during the
handling.
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Scheme 2. A proposed mechanism for the four-component synthesis of pyrano[2,3-c]pyrazoles (5a-q).

3. Conclusions

In conclusion, we have demonstrated a highly efficient method for the synthesis of
pyranopyrazoles via four-component reaction of aromatic aldehydes, malononitrile, ethyl
acetoacetate, and hydrazine hydrate or phenyl hydrazine using cheap and readily available low toxic
organocatalyst sodium benzoate. The significant advantages of this procedure are operational
simplicity, clean reaction, easy preparation and handling of the catalyst, increased safety, and
environmental friendly reaction condition.
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4. Experimental
4.1. General

All the reagents and chemicals were obtained from commercial sources and used without further
purification. Melting points were measured on a Buchi 510 melting point apparatus and are
uncorrected. IR spectra were recorded on a Shimadzu FT-IR 8300 Spectrophotometer using KBr
pellets technique. '"H NMR and “C NMR spectra were recorded at ambient temperature on a
BRUKER AVANCE DRX-400 MHz spectrophotometer using dimethylsulfoxide (DMSO-dg) as the
solvent and TMS as an internal standard. The purity of synthesized compounds as well as a progress
of the reactions was monitored by thin layer chromatography (TLC) on Merck pre-coated silica gel
60 F»s4 aluminum sheets, visualized by UV light.

4.2. General procedure for preparation of pyrano[2,3-c[pyrazole derivatives

A mixture of aryl aldehyde 1 (1 mmol), phenylhydrazine/hydrazine hydrate 2 (1 mmol), ethyl
acetoacetate 3 (1 mmol), malononitrile 4 (I mmol) and sodium benzoate (15 mol%) was stirred in
water (5 mL) at room temperature for mentioned in Table 2 time. After completion of the reaction
(monitored by TLC), the product was filtered off, washed with small amounts of water (10 mL) and
then ethanol (5 mL) then recrystallized from ethanol to give the pure products 5 (a-q).
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Selected Spectral Data

Compound 5b: IR (KBr) cm™ 3410, 3205, 3080, 2220, 1665, 1610, 1585, 1515, 1440, 1395, 1320,

1230, 1180, 750; "H NMR (400 MHz, DMSO-ds) & ppm 1.77 (s, 3H, CHz), 4.79 (s, 1H, CH), 6.98 (s,
br, 2H, NH,), 7.46 (d, 2H, J = 8.4 Hz, ArH), 8.20 (d, 2H, J = 8.6 Hz, ArH), 12.13 (s, IH, NH); "°C
NMR (100 MHz, DMSO-dg) & ppm 10.1, 35.1, 61.0, 98.6, 120.5, 123.9, 129.1, 135.9, 146.5, 149.2,
150.7, 161.2.

Compound 5m: IR (KBr) ecm™ 3433, 3345, 2190, 1665, 1594, 1515, 1395, 1355, 1125, 1055, 832,

755; "H NMR (400 MHz, DMSO-ds) & ppm 1.79 (s, 3H, CHs), 4.94 (s, 1H, CH), 6.98 (s, 2H, NH,),
7.33-7.37 (m, 1H, ArH), 7.49-7.53 (m, 2H, ArH), 7.59 (d, 2H, J = 8.4 Hz, ArH), 7.80 (d, 2H, J = 8.4
Hz, ArH), 8.23 (d, 2H, J = 8.5 Hz, ArH).
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