This article was downloaded by: [University of Sussex Library]

On: 08 September 2013, At: 23:58

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An
International Journal for Rapid
[ —— Communication of Synthetic Organic

[ Chemistry

a S M N

A Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/Isyc20

Three-Component Reaction to Form
1,4-Dihydropyrano[2,3-c]pyrazol-5-yi
Cyanides

Hassan Sheibani * & Maryam Babaie *

# Department of Chemistry, Shahid Bahonar University of Kerman,
Kerman, Iran
Published online: 29 Dec 2009.

To cite this article: Hassan Sheibani & Maryam Babaie (2009) Three-Component Reaction

to Form 1,4-Dihydropyrano[2,3-c]pyrazol-5-yl Cyanides, Synthetic Communications: An
International Journal for Rapid Communication of Synthetic Organic Chemistry, 40:2, 257-265, DOI:
10.1080/00397910902964866

To link to this article: http://dx.doi.org/10.1080/00397910902964866

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &



http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397910902964866
http://dx.doi.org/10.1080/00397910902964866

Downloaded by [University of Sussex Library] at 23:58 08 September 2013

Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Sussex Library] at 23:58 08 September 2013

Synthetic Communications®™, 40: 257-265, 2010
Copyright © Taylor & Francis Group, LLC e
ISSN: 0039-7911 print/1532-2432 online

DOI: 10.1080/00397910902964866

Taylor & Francis
Taylor & Francis Group

THREE-COMPONENT REACTION TO FORM
1,4-DIHYDROPYRANOI2,3-c]IPYRAZOL-5-YL CYANIDES

Hassan Sheibani and Maryam Babaie
Department of Chemistry, Shahid Bahonar University of Kerman, Kerman, Iran

The three-component reactions of 3-alkyl-1-phenyl-2-pyrazolin-5-ones, aryl aldehydes, and
malononitrile in the presence of base catalysts such as sodium acetate, triethylamine, and
magnesium oxide (MgO) are investigated. Magnesium oxide (MgO) effectively catalyzes
these reactions to form 1,4-dihydropyranof2,3-c]pyrazol-5-yl cyanide derivatives. The
salient features of this method include high conversions, short reaction times, cleaner
reaction profiles, and the use of inexpensive and readily available catalyst.

Keywords: 1,4-Dihydro-pyrano[2,3-c]pyrazol-5-yl cyanides; magnesium oxide (MgO); malononitrile;
three-component reactions

INTRODUCTION

N-Phenyl-3-substituted 5-pyrazolone derivatives are organic compounds that
have been known since 1883; they are very useful as intermediates for pharmaceuti-
cals and are used as anti-inflammatory agents and allergy inhibitors."? Also, these
5-pyrazolone derivatives were investigated as thermal stabilizers for rigid polyvinyl
chloride (PVC).** Therefore, great efforts have been directed toward the synthetic
manipulation of pyrazolone derivatives to find more useful compounds.™ In the het-
erocyclic area, pyrazolones fused to heterocyclic systems such as pyran rings consti-
tute a very important class of compounds. These compounds have been widely used
as medicinal intermediates because of their useful biological and pharmacological
properties, such as antibacterial, anticoagulant, anticancer, spasmolytic, hypnotic,
diuretic, and insecticide.”” ! Usually 1,4-dihydropyrano[2,3-c]pyrazol-5-yl cyanide
derivatives have been synthesized in organic solvents and in the presence of an
organic base such as pyridine.® ' Recently, some new methods have been applied
to facilitate these reactions.'''?! However, some of these methods are limited
because of slow reaction rate, poor yields, side products, tedious workup, and the
use of toxic solvents or expensive catalysts. In the course of our investigations to
develop new synthetic methods in the presence of environmentally friendly base
catalysts such as sodium acetate or magnesium oxide (MgO) to reduce the amount
of toxic waste and byproducts arising from chemical processes, we have performed
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Scheme 1. Three-component reactions of 3-alkyl-1-phenyl-2-pyrazolin-5-ones, aromatic aldehydes, and
malononitrile in the presence of base catalysts.

a one-pot, three-component, highly efficient method for synthesis of 1,4-dihydro-
pyrano[2,3-c]pyrazol-5-yl cyanide derivatives catalyzed by magnesium oxide (MgO)
as heterogeneous base catalyst in acetonitrile. This strategy includes simple catalyst
preparation, mild reaction temperature, easy recovery, and reusability of the catalyst
with consistent activity and short reaction times.

RESULTS AND DISCUSSION

Continuing our ongoing studies on the synthesis of heterocyclic compounds!
in an attempt to obtain the new 1,4-dihydropyrano[2,3-c]pyrazol-5-yl cyanide deri-
vatives 4 using multicomponent reactions (MCRs), compounds 4a—i were prepared from
the three-component reaction of 3-alkyl-1-phenyl-2-pyrazolin-5-ones la—c¢ aromatic
aldehydes 2 and malononitrile 3 in the presence of base catalysts (Scheme 1).

13-15]

Table 1. Synthesis of 4a—i in the presence of base catalysts

Sodium acetate Et;N CM“/HSA”

EtOH/H,O acetonitrile MgO)

Time Yield Time Yield Time Yield Mp [refl]
Compound Ar R (h) (%) (h) (%) (min) (%) (°C)
4a C¢Hs CH; 3 81 8 83 180/22 83/95 170-171%¥
4b CH; 4-MeC¢H, 3 80 7.5 85  180/35 85/93 176-178%
4c 4-MeOCgH, CH; 3.5 77 7 75 180725 75/90 171-172®
4d 4-CIC¢Hy CH; 2 85 6 87  120/12 87/96 174-175M1
de 2,4-CIC¢H; CH; 1.5 85 8.5 88  90/15 88/92 184-186!!
4f 4-BrC¢H,4 CH; 4 76 7 76 210/40 76/88 18418512
4g 4-CIC¢H,4 Propyl 2 87 7 88  120/22 88/92 181-182
4h 4-CIC¢H,  Iso-propyl 2 89 6 87  120/20 87/93 172-173
4i 2,4-CIC¢H; Iso-propyl 1.5 90 8 85  90/18 85/95 188-189

“Commercial MgO.

High-surface-area MgO.
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Table 2. Knoevenagel condensation of aldehydes with malononitrile or 3-methyl-1-phenyl-5-pyrazolone
in CH;CN in the presence MgO

CN Ar CN
ArCHO < &, >:<
CN CH,CN H CN
|
Ar
H,C H,C yZ ’
AICHO m Mo
Yo CHCN NN
| |
Ph Ph
11
Compound Ar Time Yield (%) Mp [ref.] (°C)
Ia C¢Hs 5min 91 828311
Ila C¢Hs 3h 95 110-11108
Ib 4-CIC4H, 2min 93 156-158M1%-201
IIb 4-CIC¢H, 2h 96 107108
Ic 4-MeOCgH,4 7 min 87 113-1151%-201
Ilc 4-MeOCgH, 3h 90 124125181

As shown in Table 1, yield of the reaction is markedly affected by the catalyst
and solvent, and optimum results were obtained when reactions were treated in
acetonitrile and in the presence of high-surface-area MgO. These reactions occur
fast, within a few minutes (18-40 min), and give excellent yields (88-95%) of pro-
ducts 4a—i with high purity. The same reactions have been reported for synthesis
of compounds 4a—f using p-dodecylbenzenesulfonic acid (DBSA) or sulfamic acid
as a catalyst in longer reaction times (approximately 3h) and lower yields.!’!?!
Because the three-component reaction of malononitrile, aromatic aldehydes, and
pyrazoles involve both Knoevenagel condensation and Michael addition, we studied
separately Knoevenagel condensations of malononitrile as active methylene
compounds with aromatic aldehydes 2a-c. The Knoevenagel condensations of
malononitrile with aldehydes have been extensively studied, and the rate of these
reactions are fast, whereas the condensation of 3-methyl-1-phenyl-5-pyrazolone 1a
with aromatic aldehydes has been reported in poor yields and long reaction times
in the presence of catalysts such as ethylenediammonium diacetate (EDDA) or ionic
liquids [Bmim|BF, and [Bmim]PF4.'® '8 In this research, to compare the rate of the
reaction of these two Knoevenagel condensations, magnesium oxide (MgO) was
used as a catalyst, and the results of these reactions are presented in Table 2.

We also studied separately the Michael addition of arylidenemalononitriles I
with pyrazolone 1la and 5-methyl-2-phenyl-4-arylmethylidene-2,4-dihydro-3H-
pyrazol-3-ones II with malononitrile, which afforded the same product of 1,4-
dihydropyrano[2,3-c]pyrazol-5-yl cyanide derivatives in the presence MgO. As
shown in Table 3, the rates of these reactions are fast.
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Table 3. Michael additions of 3-methyl-1-phenyl-5-pyrazolone with compounds I and
compounds IT with malononitrile were catalyzed by MgO in CH;CN

H,C
Ar CN m Method A
>—< + N
H CN N~ "0 A
| Ph R r
CN
Ar N | |
\
HC N™ 07 NH,
H Ph
! CN Method B
N\N o + < 4
| CN
Ph
11
Compound Ar METHOD Time (min) Yield (%)
4a C6H5 A 20 95
4a CgHs B 12 96
4c 4-MeOC¢H4 A 25 90
4c 4-MeOCcHy B 15 92
4d 4-CICcHy A 12 96
4d 4-CIC¢Hy B 5 96
H., Ar /CN Ar CN
“/ HC\ _— —
(0] | CN H CN
I
] [ aa— [o Ly
Ph
SN—N Ph NN Ar CN
\ —~——— A)\ + —_—
o N R o R H dl
( ; N
Y Y
Mght— 07— e Mgt O e Mg?* —omme
R Ar R Ar R Ar "
N— CN CN
/N/ CN—» N\/ | —_— N\ | — T.M
Ph N N
< I o 1l N0 N
O N Ph Ph
1\Xg2*—---()2- ____________ Mg2t-—---

Scheme 2. Mechanism for the formation of compounds 4.



Downloaded by [University of Sussex Library] at 23:58 08 September 2013

1,4-DIHYDROPYRANOJ2,3-c]PYRAZOL-5-YL CYANIDES 261

As expected, on the basis of the results shown in Tables 2 and 3, first the aryl-
lidenemalononitriles I containing an electron-poor C=C double bond are produced
by rapid Knoevenagel condensation of malononitrile with the aromatic aldehydes
[the formation of the compounds I was monitored by thin-layer chromatography,
TLC (n-hexane/diethyl ether as eluent)]. The second step is followed by Michael
addition, cycloaddition, and isomerization to afford the 1,4-dihydropyrano|2,3-c]-
pyrazol-5-yl cyanide derivatives 4 (Scheme 2).

Compounds 4a—f are known in the literature.® '? The infrared (IR) spectra
and melting points of all known compounds were consistent with those reported
in the literature. Structures 4g—i were established on the basis of IR measurements,
which showed the presence of CN at 2235-2238cm ' and two sharp bands at
3500-3450 and 3390-3380cm ' due to asymmetric and symmetric vibrations of
the NH, group. The 'H and '>*C NMR and mass spectra were also in accordance
with the proposed structures.

In conclusion, we have developed a simple and efficient method for the
synthesis of pyrazoles having a pyran nucleus in the presence of MgO, a highly
effective heterogeneous base catalyst. Advantages of the strategy include simple
catalyst preparation, mild reaction temperature, easy recovery, and reusability of
the catalyst with consistent activity and short reaction times.

EXPERIMENTAL

Melting points were measured on a Gallenkamp melting-point apparatus and
are uncorrected. IR spectra were measured on a Mattson 1000 Fourier transform
(FT)-IR spectrometer. The proton and carbon NMR spectra were recorded with
a Bruker DRX-500 Avance spectrometer at 500 and 125.77 MHz, respectively. Mass
spectra were recorded on a MS-QP2000A Shimadzu mass spectrometer operating at
an ionization potential of 70 eV. Elemental analyses were performed using a Heracus
CHN-O-Rapid analyzer.

Preparation of High-Surface-Area MgO

The catalyst used in this study was obtained by dehydrated Mg(OH), at 450°C
for 2h. A calcination temperature of 400-500°C gave maximum conversion. When
the catalyst was calcined above 500°C, the activity of MgO decreased and continued
to decrease as the calcination temperature increased. The maximum surface area was
obtained after calcining the calcining the samples at 400—-500°C.?"

6-Amino-4-aryl-3-alkyl-1-phenyl-1,4-dihydropy-rano[2,3-c]pyrazol-5-yl cyanide
Derivatives (4a—i)

A mixture of the aldehyde (2mmol), 3-alkyl-1-phenyl-2-pyrazolin-5-ones
(2mmol), malononitrile (2mmol), and sodium acetate (2mmol) in H20 (10mL)
and ethanol (20mL) or triethylamine (four or five drops) in acetonitrile (30) or
MgO (0.05 g) in acetonitrile (30 mL) was refluxed with stirring for the time reported
in Table 1. (The progress of the reaction was monitored by TLC, and hexane/ethyl
acetate was used as an eluent.) After completion of the reaction, the catalyst was
separated from the reaction mixture by centrifugation. The excess acetonitrile
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was removed by evaporation and poured into ice-cold water; the crude product was
filtered, dried, and recrystallized from 96% ethanol.

6-Amino-4-(4-chlorophenyl)-1-phenyl-3-propyl-1,4-dihydropyranol[2,3-c]-
pyrazol-5-yl cyanide (4g). Pale yellow crystals (0.71g), yield 0.92%; mp
181-182°C; Upmax (KBr): 3456, 3312 (NH>), 2210 (CN), 1656 (C=N), 1586 (Ar) cm ™ ';
dy (500 MHz, DMSO-de): 7.83-7.30 (9H, m, arom), 7.24 (2H, s, NH,), 4.73 (1H, s,
CH), 2.14 (1H, m, H, on C; of propyl), 2.05(1H, m, Hy, on C; of propyl), 3.5 (1H, m,
H, on C, of propyl), 1.22 (1H, m, Hy, on C, of propyl), 1.83 (3H, t, CHj3); d¢
(125 MHz, DMSO-d6) 160.20 (C6), 146.82, 144.74, 143.87, 183.40, 132.45, 130.60,
130.19, 129.36, 127.10, 120.97, 120.73, 98.64 (CN), 58.82 (CS5), 39.90 (C4), 9.73,
21.56, 14.51. MS, m/z (%): 390 (M*, 15), 324 (10), 280 (23), 279 (100), 127 (10),
77 (65). Anal. calcd. for C,,HsCIN4O: C, 67.60; H, 4.90; N, 14.33%. Found: C,
67.39; H, 4.78; N, 14.03.

6-Amino-4-(4-chlorophenyl)-3-isopropyl-1-phenyl-1,4-dihydropyrano[2,
3-clpyrazol-5-yl cyanide (4h). Pale yellow crystals (0.72g), yield 0.93%, mp
172-173°C, vmax (KBr): 3456, 3312 (NH,), 2210 (CN), 1656 (C=N), 1586 (Ar)
em™'; 8y (500 MHz, DMSO-dg): 7.80 (2H, d, *Jy=8.05Hz, CH), 7.50 (2H, t,
3Jan=7.7Hz, CH, arom), 7.41 (2H, d, *Juu=8.39Hz, CH, arom), 7.33 (2H, t,
3Jau=7.44Hz, CH, arom), 7.31 (2H, d, *Jyy=8.05Hz, CH, arom), 7.22 (2H,
s, NH,), 4.77 (1H, s, CH), 2.44 (1H, m, CH),1.02 (3H, d, *Jy =6.95, CHj3), 0.85
(3H,d,*Jy =6.88, CH3), (125MHz, DMSO-d6) 160.00 (C6), 154.60, 144.86,
144.17, 138.44, 132.45, 130.61, 130.18, 129.39, 127.11, 121.07, 120.72, 97.77 (CN),
59.10 (C5), 39.90 (C4), 37.22, 27.72, 22.34, 21.31. MS, m/z (%): 390 (M ™, 17), 324
(17), 280 (30), 279 (100), 127 (25), 77 (70). Anal. calcd. for C,H;oCIN,O: C,
67.60; H, 4.90; N, 14.33%. Found: C, 67.31; H, 4.74; N, 14.06.

6-Amino-4-(2,4-dichlorophenyl)-3-isopropyl-1-phenyl-1,4-dihydropyr-
ano[2,3-clpyrazol-5-yl cyanide (4i). White crystals (0.8g), yield 0.95%, mp
188-189°C, v (KBr): 3438, 3321, 3204 (NH,), 2197 (CN), 1659 (C=N), 1589
(Ar) cm™'; 8y (500 MHz, DMSO-de): 7.81-7.32 (8H, m, arom), 7.31 (2H, s, NH,),
521 (1H, s, CH), 2.43 (1H, m,CH), 1.03 (3H, d, *Juy =6.95, CH;), 0.86 (3H, d,
3Janu = 6.88, CH3), 3¢ (125 MHz, DMSO-d6) 160.12 (C6), 154.02, 144.40, 143.56,
143.02, 138.38, 132.55, 130.40, 130.28, 130.02, 129.30, 127.19, 121.12, 104.50
(CN), 58.34 (C5), 38.01 (C4), 27.91, 22.26, 21.31. MS, m/z (%): 425 (M™, 12), 361
(22), 335 (27), 314(100), 77 (76). Anal. calcd. for C,HsCI,N4O: C, 62.13; H,
4.27; N, 13.17%. Found: C, 61.81; H, 4.16; N, 12.88.

Knoevenagel Condensation

General procedure for the preparation of arylidenemalononitriles
la-¢c. The reactions were carried out in a standard round-bottom glass flask
equipped with a vertical condenser under thermal conditions. Reactions were
performed with arylaldehydes 1 (2 mmol), malononitrile 2 (2mmol), and MgO
(0.05 g) in acetonitrile (40 mL) as solvent, refluxed with stirring for the specified time
(Table 1).
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General procedure for the preparation of 5-alkyl-2-phenyl-4-arylmethyl-
idene-2,4-dihydro-3H-pyrazol-3-ones lla-¢c. The reactions were carried out in a
standard round-bottom glass flask equipped with a vertical condenser under thermal
conditions. Reactions were performed with arylaldehydes 1 (2 mmol), 3-methyl-1-
phenyl-2-pyrazolin-5-one (2mmol), and MgO (0.05g) in acetonitrile (40 mL) as
solvent, refluxed with stirring for the specified time (Table 1).

Michael addition. Reactions were performed with benzylidenemalononitrile
1 (2mmol) and 3-methyl-1-phenyl-2-pyrazolin-5-one (2mmol) [method A] or
1-phenyl-3-methyl-4-arylmethylene-5-pyrazolones and malononitrile (2 mmol)
[method B] using MgO (0.05 g) as a base catalyst in acetonitrile (40 mL), refluxed
with stirring for the appropriate time (Table 2). The product 4 was precipitated from
the reaction mixture by cooling, and the solid was filtered and recrystallized from
ethanol.

3-Methyl-1-phenyl-4-(1-phenylmethylidene)-1H-pyrazol-5-one (lla). Red
crystals (0.49 g), yield 92%; mp 108-110°C; (nax (KBr):1682 (C=0), 1618 (C=N); oy
(500 MHz, DMSO-dg): 8.55 (2H, d, *Jyu=7.37Hz, arom); 7.86 (2H, d, *Juu=
7.69 Hz, arom); 7.79 (1H, s, =CH), 7.54-7.15 (6H,m, arom), 2.31 (3H, s, CHj); d¢
(125MHz, DMSO-de): 162.31 (C=0), 152.68 (C=N), 149.16,139.01, 134.52,
134.06, 133.78, 129.71, 129.51, 127.58, 125.49, 119.24, 13,98; MS, m/z (%): 262
(M+, 30), 182 (38), 128 (22), 101 (8), 91 (10), 77 (40), 59 (25), 51 (20), 43 (100). Anal.
calcd. for C;sH4N,O: C, 77.84; H, 5.38; N, 10.68%. Found: C, 77.61; H, 5.22;
N, 10.41.

4-(1-(4-Methyoxyphenyl)methylidene)-3-methyl-1-phenyl-1H-pyrazole-
5-one (llb). Orange crystals (0.52 g), yield 90%; mp 125-127°C; (imax (KBr): 1682
(C=0), 1589 (C=N); &y (500 MHz, DMSO-dy): 8.66 (2H, d,*Jyy = 7.37 Hz, arom),
7.89 (2H.,d, *Jypy = 7.69 Hz, arom), 7.71 (1H, s, =CH), 7.39 (2H, t, *Jyu= 7.4 Hz,
arom), 7.14 (2H, t,*Jyy =7.24 Hz, arom), 7.09 (2H, d, *Jyu =8.93 Hz, arom), 3.85
(3H, s, -OCH3), 2.28 (s, 3H, —-CHj3); 6c (125 MHz, DMSO-dy¢): 164.50 (C=0),
162.72 (C=N), 152.66, 148.95, 139.24, 137.7, 129.66, 127.04, 125.29, 124.63,
119.18, 115.22, 56.59, 13.99; MS, m/z (%): 292 (M+, 100), 185 (52), 159 (48), 146
(14), 128 (19), 115 (45), 91 (32), 77 (72), 63 (20), 51 (35), 57 (35), 44 (53), 41 (34).
Anal. calcd. for C;gHsN,O,: C, 73.96; H, 5.52; N, 9.58%. Found: C, 73.74; H,
5.46; N, 9.32.

4-(1-(4-Chlorophenyl)methylidene)-3-methyl-1-phenyl-1H-pyrazole-5-
one (llc). Red crystals (0.55 g), yield 93%; mp 109-110°C; (inax (KBr):1653 (C=0),
1589 (C=N); 8;; (500 MHz, DMSO-dg): 8.55 (2H, d,>Jy; = 8.61 Hz, arom), 7.84 (2H,
d, 3Jyn=8.15Hz, arom), 7.74 (1H, s, =CH), 7.57 (2H, d, >Ji; = 8.16 Hz, arom)
738 (H, t’Jyn=7.56Hz, arom), 7.16 (QH, t, *Juyy=7.33Hz, arom), &8¢
(125 MHz, DMSO-d¢): 162.22. (C=0), 153.56 (C=N), 147.42, 138.91, 138.73,
136.16, 132.60, 129.68, 129.61, 127.97, 125.52, 119.21, 13.92; MS, m/z (%): 296
(M+, 100), 185 (100), 128 (25), 77 (48). Anal. calcd. for C;;H;3CIN,O: C, 68.81;
H, 4.42; N, 9.44%. Found: C, 98.45; H, 4.20; N, 9.12.



Downloaded by [University of Sussex Library] at 23:58 08 September 2013

264

H. SHEIBANI AND M. BABAIE

ACKNOWLEDGMENTS

The authors express appreciation to the Shahid Bahonar University of Kerman

Faculty Research Committee for its support of this investigation.

REFERENCES

1.

Elguero, J. In Comprehensive Heterocyclic Chemistry; Pergamon Press, Oxford, 1984.

2. Sabaa, M. W.; Oraby, E. H.; Abdul Naby, A. S.; Mohamed, R. R. Organic thermal

10.

11.

12.

13.

14.

15.

stabilizers for rigid poly(vinyl chloride), part XII: N-Phenyl-3-substituted-5-pyrazolone
derivatives. Polym. Degrad. Stab. 2006, 91, 911-923.

. Sabaa, M. W.; Oraby, E. H.; Abdel Naby, A. S.; Mohamed, R. R. N-Phenyl-3-substituted

S-pyrazolone derivatives as organic stabilizers for rigid poly(vinyl chloride) against photo-
degradation. J. Appl. Polym. Sci. 2006, 101, 1543—1555.

. L’abbe, G.; Emmers, W.; Dehaen, W.; Dyall, L. K. 5-Chloropyrazole-4-carbaldehydes as

synthons for intramolecular 1,3-dipolar cycloadditions. Chem. Soc. Perkin Trans. 1 1994,
2553-2558.

. Adreani, L. L.; Lapi, E. On some new esters of coumarin-3-carboxylic acid with balsamic

and bronchodilator action. Boll. Chim. Farm. 1960, 99, 583-586.

. Bonsignore, L.; Loy, G.; Secci, D.; Calignano, A. Synthesis and pharmacological activity

of 2-oxo-(2H) 1-benzopyran-3-carboxamide derivatives. Eur. J. Med. Chem. 1993, 28,
517-520.

. Wang, J. L.; Liu, D.; Zhang, Z. J.; Shan, S.; Han, X.; Srinivasula, S. M.; Croce, C. M.;

Alnemri, E. S.; Huang, Z. Structure-based discovery of an organic compound that binds
Bcl-2 protein and induces apoptosis of tumor cells. Proc. Natl Acad. Sci. USA 2000, 97,
7124-7129.

. Sharanina, L. G.; Promonenkov, V. K.; Marshtupa, V. P.; Pashchenko, A.; Puzanova,

V. V.; Sharanin, Y. A.; Klyuev, N. A.; Gusev, L. F.; Gnatusina, A. P. 6-Amino-5-
cyano-1H,4H-pyrazolo[3,4-blpyrans. Chem. Heterocycl. Comp. 1982, 18, 607-611.

. Shi, D. Q.; Mou, J.; Zhuang, Q. Y.; Niu, L. H.; Wu, N.; Wang, X. S. Three-component

one-pot synthesis of 1,4-dihydropyrano[2,3-c]pyrazole derivatives in aqueous media.
Synth. Commun. 2004, 34, 4557-4563.

Jin, T. S.; Wang, A. Q.; Cheng, Z. L.; Zhang, J. S.; Li, T. S. A clean and simple synthesis
of 6-amino-4-aryl-5-cyano-3-methyl-1-phenyl-1,4-dihydropyrano[2,3-c]pyrazole in water.
Synth. Commun. 2005, 35, 137-143.

Jin, T. S.; Zhao, R.Q.; Li, T. S. An one-pot three-component process for the synthesis of
6-amino-4-aryl-5-cyano-3-methyl-1-phenyl-1,4-dihydropyrano[2,3-c]pyrazoles in aqueous
media. Arkivoc 2006, 11, 176-182.

Shinde, S. V.; Jadhav, W. N.; Kondre, J. M.; Gampawar, S.V.; Karade, N. N. Sulfamic
acid catalysed one-pot three-component condensation for the synthesis of 1,4-dihydropyr-
ano[2,3-c]pyrazoles. J. Chem. Res. 2008, 278-279.

Sheibani, H.; Saljoogi, A. S.; Bazgir, A. Three-component process for the synthesis of
4-amino-5-pyrimidinecarbonitriles under thermal aqueous conditions or microwave
irradiation. Arkivoc 2008, 2, 115-123.

Sheibani, H.; Mosslemin, M. H.; Behzadi, S.; Islami, M. R.; Saidi, K. A convenient
one-pot synthesis of pyrano[3,2-c]quinolin-2,5(6H)-dione and 2H,5H-pyrano[3,2-c]-
chromene-2,5-dione derivatives. Synthesis 2006, 3, 435-438.

Sheibani, H.; Bernhardt, P. V.; Wentrup, C. Mesoionic 1,3-oxazinium olates: rearrange-
ment to acylketenes and 3-azabicyclo[3.1.1]heptanetriones. J. Org. Chem. 2005, 70,
5859-5861.



Downloaded by [University of Sussex Library] at 23:58 08 September 2013

16.

17.

18.

19.

20.

21.

1,4-DIHYDROPYRANOJ2,3-c]PYRAZOL-5-YL CYANIDES 265

Su, C.; Chen, Z. C.; Zheng, Q. G. Organic reactions in ionic liquids: Knoevenagel conden-
sation catalyzed by ethylenediammonium diacetate. Synthesis 2003, 555-559.

Hu, Y.; Chen, Z. C; Le, Z. G.; Zheng, Q. G. Organic reactions in ionic liquids: Gewald
synthesis of 2-aminothiophenes catalyzed by ethylenediammonium diacetate. Synth.
Commun. 2004, 34, 3801-3806.

Hu, Y.; Wei, P.; Zhou, H.; Ouyang, P. K.; Chen, Z. C. Organic synthesis in ionic liquids:
Condensation of 3-methyl-1-phenyl-5-pyrazolone with carbonyl compounds catalyzed
byethylenediammonium diacetate (EDDA). Chin. Chem. Lett. 2006, 17, 299-301.
Wang, S.; Ren, Z.; Cao, W.; Tong, W. The Knoevenagel condensation of aromatic
aldehydes with malononitrile or ethyl cyanoacetate in the presence of CTMAB in water.
Synth. Commun. 2001, 31, 673-677.

Hangarge, R. V.; Jarikote, D. V.; Shingare, M. S. Knoevenagel condensation reactions in
an ionic liquid. Green Chem. 2002, 4, 266-268.

Xu, C.; Bartley, J. K.; Enache, D. I.; Knight, D. W.; Hutchings, G. High surface area MgO
as a highly effectiveheterogeneous base catalyst for michael addition and Knoevenagel
condensation reactions. Synthesis 2005, 10, 3468-3476.



