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ABSTRACT

A new convenient method for the synthesis of 6-amino-2H,4Hpyrano[2,3-
c] pyrazole-5-carbonitriles, namely, four component condensation of aro-
matic aldehydes, activated methylene reagent, ethyl acetoacetate, and hy-
drazine hydrate in water in the presence of triethylamine as a catalyst.
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INTRODUCTION

Green chemistry emphasi zesthe devel opment of
environmentally benign chemical processesand tech-
nol ogies¥ Multi-component reactions (MCR) are pro-
cessesinwhich three or morereactants are combined
inasinglechemica step to produce productsthat in-
corporate substantial portions of all the reactants.
MCRs comply with the principles of green chemistry
interms of economy of stepsaswell asmany of the
stringent criteriaof anideal organic synthesis. These
reactionsareeffectivein building highly functiondized
small organic moleculesfromreadily availablestarting
materialsinasingle step with inherent flexibility for
creating molecular complexity and diversity coupled
with minimization of time, labour, cost and waste pro-
duction.l? Hence, the devel opment of multi-compo-
nent reaction protocolsfor the synthesisof heterocy-
clic compounds has attracted significant interest from
pharmaceutical groups.

Designing organicreactionsin aqueousmediaisan-
other attractive areain green chemistry.¥ Water isan
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abundant and environmentally benign solvent. Asare-
actionmedium, it offers severa benefitsincluding con-
trol over exothermicreactions, saltingin and sdting out
and variation of pH. Work up and purification can be
carried out by s mple phase separation techniques Al o,
organicreactionsinwater exhibit uniquereactivity and
selectivity that aredifferent from reactionsin organic
solvents. In particular, reactionswith negative activa-
tion volumearereported to occur faster in water than
inorganic solvents“ Multicomponent reactionsaresug-
gested to have a negative activation volume.®
Pyranopyrazolesarean important classof heterocyclic
compounds. They find applications as pharmaceutica
ingredients and biodegradable agrochemicals.®® The
first reported pyranopyrazolewas synthesized fromthe
reaction between 3-methyl-1-phenyl pyrazolins-oneand
tetracyanoethylene!® Various 6-amino-5-cyano-4-aryl-
4Hpyrazol o[ 3,4-b] pyranswere synthesi zed by there-
action of arylidienemalononitrile with 3-
methyl pyrazoline-5-onesor by the condensation of 4-
arylidienepyrazoline-5-one with malononitrile.l”)
Sharanin et a.1® have devel oped athree-component
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reaction between pyrazolone, an aldehyde and
malononitrilein ethanolusing triethylamineasthe cata:
lyst. Shestopal ov and co-workers® reported the syn-
thesi sof pyrazol opyran viaathree-component conden-
sation between Nmethyl pi peridone, pyrazoline-5-one
and malononitrilein absol ute ethanol. However, this
reaction occurred only on heating or when induced by
electrochemical methodsunder aninert atmosphere.
Peng and co-workers have devel oped atwo-compo-
nent reection involving pyran derivativesand hydrazine
hydrate to obtain pyranopyrazolesin water.'

RESULTSAND DISCUSSION

Although polyheterocycl es can be obtained from
well-chosen starting materials, aK noevenagel -based
reactionwasrecently reported for thes multaneous con-
struction of two different fused heterocyclesfrom acy-
clic precursors. In fact, a four component
Knoevenagel-Michael addition-cyclization sequence
has been studied for the synthesis of
dihydropyranopyrazol e derivativesfrom hydrazine hy-
drate, 83 malonitrile, a B-ketoester, and an alde-
hyde. Thisprotocol offersflexibility intuning the mo-
lecular complexity and diversity. The reactions pro-
ceeded to compl etion amost instantaneoudy, and pure
product was obtai ned, without using any chromato-
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graphic techniques, ssmply by recrystallization from
ethanol. Thereaction between hydrazine hydrate, ethyl
acetoacetate, aldehyde and malononitrileresultedin
pyranopyrazoles (1a-d) in the presence of acatalytic
amount triethyl amineinwater mediam (Scheme 1).

Interestingly enough, aclosdly related protocol was
successfully proposed for the synthesis of 6-amino-4-
aryl-3-akyl-2,4dihydropyrano[ 2,3-c] pyrazole-5-car-
boxylate by using ethyl cyanoacetate asan dternative
of maononitrile (2a-d), (Scheme?2).
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EXPERIMENTAL

General

Melting pointswererecorded on an El ectrother-
mal digital melting Point gpparatusand areuncorrected.
IR spectrawererecorded on aNicolet FTIR 500 spec-
trophotometer using K Br optics. *H NMR (400 MHz)
spectrawererecorded on aVarian Mercury MHz spec-
trometer using DM SO-d6 or CDCl, as solvent and
TMSasinternd standard. CHN analyseswerecarried
out onaCarlo- Erba EA1110 CNNO-S analyzer.

General procedurefor thepreparation of 6-Amino-
daryl-3-alkyl-2,4-dihydropyrano[ 2,3-c|pyrazole-5-
arbonitriles(1a-d)

To adtirred aqueous mixture of hydrazine hydrate
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96% (0.107 g, 2 mmol) and ethyl acetoacetate (0.260
g, 2mmol), ddehyde (2 mmol), malononitrile (0.132 g,
2mmol) and triethylamine (1 ml) were added succes-
sively at room temperature under an open aimosphere
withvigorousgtirringfor 15min. Theprecipitated solid
wasfiltered, washed with water and then with amix-
ture of ethyl acetate/ hexane (20:80). The product ob-
tained waspurified by recrystalization from ethanol.

6-amino-4-(9-anthracenyl)-3-methyl-2,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile(1a)

Orangesolid; m.p.277°C., yidd (85%). IR: 3354,
3311 (NH2), 2923, 2905, 2851 (CH stretching), 2205
(CN).'H-NMR (DM S0-d,): 6.72-9.29 (m, 11H, Ar-
H+NH2), 5.61 (s, 1H, pyran CH), 12.23 (s, 1H, NH).
MS(m/z): 352(M*, 85%). And. Calcd for C_H, N,O:
C, 74.98; H, 4.58; N, 15.90; O, 4.54. Found: C,
74.32; H, 4.51; N, 15.66; O, 4.75.

6-amino-4-(9-anthracenyl)-3-ethoxy-2,4-
dihydropyrano[2,3-c]pyrazole-5-car bonitrile(1b)

Orangesolid; m.p.261°C., yield (78%). IR: 3395,
3364 (NH2), 2963, 2951, 2882 (CH stretching), 2213
(CN).'H-NMR (DM SO-d,): 6.95-8.48 (m, 11H, Ar-
H+NH2), 4.88 (s, 1H, pyran CH), 11.82 (s, 1H, NH).
MS(m/z): 382(M*, 92%).And. Cacdfor CH, N, O,
C,72.24;H,4.74; N, 14.65; O, 8.37 Found: C, 72.69;
H, 4.91; N, 14.28; O, 8.62

6-amino-4-(2-furyl)-3-methyl-2,4-
dihydropyrano[2,3c]pyrazole-5-carbonitrile(1c)

Orangesolid; m.p.293°C., yidd (75%). IR: 3362,
3319 (NH2), 2965, 2912, 2863 (CH dtretching), 2211
(CN).'H-NMR (DM SO-d,): 6.33-8.65(m, 11H, Ar-
H+NH2), 5.11 (s, 1H, pyran CH), 10.95 (s, 1H, NH).
MS(m/z): 242(M*, 51%).And. Cacdfor C _H, N,O.;:

C, 59.50; H, 4.16; N, 23.13; O, 13.21. Found: C,
59.66; H, 4.32; N, 23.35; O, 13.15

6-amino-4-(2-furyl)-3-ethoxy-2,4-
dihydropyrano|2,3c]pyr azole-5-car bonitrile (1d)

Orangesolid; m.p.251°C., yield (81%). IR: 3361,
3325 (NH2), 2918, 2931, 2898 (CH stretching), 2214
(CN).'H-NMR (DM S0-d,): 6.39-8.95 (m, 11H, Ar-
H+NH2),5.11 (s, 1H, pyran CH), 10.86 (s, 1H, NH).
MS(m/z): 287(M*, 11%).And. Cdcdfor C H, N, O.:
C, 58.53; H, 4.26; N, 19.50; O,16.71. Found: C,
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58.62; H, 4.35; N, 19.66; O, 16.86.

General procedurefor the preparation of 6-amino-
daryl-3-alkyl-2,4-dihydr opyrano[2,3-c]pyrazole-5-
carboxylate (2a-d)

To adtirred aqueous mixture of hydrazine hydrate
96% (0.107 g, 2 mmol) and ethyl acetoacetate (0.260
g, 2mmol), ddehyde(2 mmoal), ethyl cyanoacetate (0.250
g, 2mmol) andtriethyl amine(1ml) wereadded succes-
svely at room temperature under an open atmosphere
withvigorousdtirringfor 25 min. Theprecipitated solid
wasfiltered, washed with water and thenwith amixture
of ethyl acetate/ hexane (20:80). The product obtained
waspurified by recrystalizationfrom ethanol.

6-amino-4-(9-anthracenyl)-3-methyl-2,4-
dihydr opyrano[2,3-c]pyrazole-5-car boxylate (2a)

Orangesolid; m.p.253°C., yidd (83%). IR: 3361,
3323 (NH2), 2934, 2941, 2869 (CH stretching), 2214
(CN).'H-NMR (DM SO-d,): 7.21-8.69 (m, 11H, Ar-
H+NH2), 4.90 (s, 1H, pyran CH), 11.41 (s, 1H, NH).
MS(m/z): 399(M*, 15%).Anal. Calcd for C24H21N30

C, 72.16; H, 5.30; N, 10.52; 0,12.02. Found: :
72.25; H, 5.41; N, 11.10; O,12.23.

6-amino-4-(9-anthracenyl)-3-ethoxy-2,4-
dihydropyrano[2,3-c]pyr azole-5-car boxylate (2b)

Orangesolid; m.p.275°C., yidd (85%). IR: 3362,
3340 (NH2), 2972, 2916, 2875 (CH stretching), 2212
(CN).'H-NMR (DMSO-d,): 7.16-9.01 (m, 11H, Ar-
H+NH2),5.12 (s, 1H, pyran CH), 11.82 (s, 1H, NH).
MS(m/z): 429(M*, 64%).And. Cacdfor C H,N.O,:

C, 69.92; H,5.40; N, 9.78; O,14.90. Found: C, 70.32;
H, 5.53; N, 9.49; O, 14.68.
6-amino-4-(2-furyl)-3-methyl-2,4-
dihydropyrano[2,3c]pyrazole-5-car boxylate (2¢)
Orangesolid; m.p.253°C., yidd (73%). IR: 3341,
3310 (NH2), 3009, 2916, 2874 (CH stretching), 2209
(CN).'™H-NMR (DM SO-d,): 6.41-8.65 (m, 11H, Ar-
H+NH2), 3.92 (s, 1H, pyran CH), 11.35(s, 1H, NH).
MS(m/z): 305(M*, 85%).And. Cacdfor C H,N.O,:
C, 59.01; H, 6.27; N, 13.76; O, 20.96 Found: C,
60.12; H, 6.29; N, 13.52; O, 20.35
6-amino-4-(2-furyl)-3-ethoxy-2,4-
dihydropyrano[2,3c]pyrazole-5-car boxylate (2d)

Orangesolid; m.p.265°C., yidd (77%). IR: 3395,
e, Onganic CHEMISTRY

A Tudian Yoarnal



84

FPull Paper ==
3367 (NHZ2), 2958, 2915, 2875 (CH stretching), 2212
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(CN).*H-NMR (DMSO-d,): 6.45-9.63 (m, 11H, Ar-
H+NH2),4.96 (s, 1H, pyran CH), 12.06 (s, 1H, NH).
MS(m/z): 319(M*, 6%). And. Cacdfor C H, N.O.:
C, 56.42; H, 5.37; N, 13.16; O, 25.05. Found: C,
56.67; H, 5.46; N, 13.09; O, 24.87.
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