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ABSTRACT

A seriesof 4-aryl-3-methyl-4,5-dihydro-1H-pyrazol o[ 3,4-b] pyridine-6(7H)-
oneswere synthesized via catal yst-free, one-pot three-component reaction
of 5-amino-3-methyl-1H-pyrazole, Meldrum’s acid, and various aldehydes
in refluxing ethanol. This protocol has merits of higher yields, easy-work-

up, and environmentally friendly approach.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

After thediscovery of multi-component reactions
(MCRs) in 1850 by Strecker, the concept has stimu-
|ated cons derableinterestin organic chemistry because
it affordsuseful productsin aone-pot reaction, which
use of morethan two starting materiad sU. Also MCRs
inwhich, three or more reactantsare brought together
inahighly convergent approach to quickly construct
molecular structure and complexity, high atom economy
and environmental ly benign procedures, have occupied
aprominent and advantageous position in pharmaceu-
tical and modern synthetic organic chemistry!? owingto
thelr appreciated features such as convergence, effi-
ciency, facile completing, and usualy high yield of
productg?d. On the other hand, pyrazole and its de-
rivativesarekey substructuresinalargevariety of com-
pounds and pyrazol e-contai ning compounds havere-
ceived considerabl eattention owingtothear diversebio-
logical activitiesand pharmacological properties®®,
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some pyrazoles have been implemented as antileuke-
mic”, antitumor® and anti-proliferative® agents. Inad-
dition combination of the pyrazole moiety with various
heterocyclic ring systems have been resulted ininter-
esting biologica and pharmacol ogical properties®2,
In particular pyrazol opyridine scaffolds haveattracted
many interests in recent years as possible antiviral
agent(**14 potent p38 kinaseinhibitord®®, humanim-
munodeficiency virus (HIV) reversetranscriptase’®,
and inhibitors of cGM P degradation™. A number of
derivativesshow evidenceof potentia antimdarid prop-
ertied™d, Othersillugtrateintensefluorescenceintheblue
greenregion and have been considered for applications
as fluorescence standards and luminophores in
OLEDS", herbicidal activity™®, and also used asva-
sodilatorg?! or evaluated for CCR1 antagonists and
activeinhibitorsin the enzymatic and cellular assays?
23, Therefore, widespread studies have been devoted
to the synthesis and valuation of activities of
pyrazol opyridines??. However, most of these methods
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suffer from multi-step reactions, useof moreexpensive
reagents, harsh reaction conditions, long reactiontimes,
low yieldsand low regioselectivity of products, there-
fore, devel opment of an efficient and versatile method
istill necessary for thesynthesisof pyrazolopyridines®.

RESULTSAND DISCUSSION

Inthisreport we have devised an efficient one-pot,
three-component reaction for the synthesis of severa
derivativesof pyrazol o[ 3,4-b] pyridin-6(7H)-ones (4a-
) from 5-amino-3-methyl-1H-pyrazole (1), 6,6-dim-
ethyl-1,3,5-trioxane-2,4-dione (Meldrum’s acid) (2),
and ddehydes (3a-q) under heatinginrefluxing EtOH
(Schemel).
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Scheme 1 : Synthesis of 4-aryl and alkyl-3-methyl-4,5-
dihydr o-1H-pyrazol o[ 3,4-b]-pyridin-6(7H)-ones (4a-q)

Equimolar amountsof precursors(1), (2) and (3)
werereacted in refluxing EtOH to produce the desired
pyrazol o[ 3,4-b] pyridin-6(7H)-one derivatives (4a-q)
in short reaction periodswith highto excellent yields.
Theresultsaresummarizedin TABLE 1.

Ascanbeseenin TABLE 1, both substituted ben-
za dehydes contai ning el ectron-rel easing and el ectron-
withdrawing substituent gavethe corresponding prod-
uctsinhighyieldsand short reactiontime (TABLE 1,
entries 1-12). Apart from the mild conditions of the
processand itsexcellent results, thesmplicity of prod-
uct isolation offersasignificant advantage. Because
of thedesired productsareinsolublein EtOH, there-
fore, the products can be directly separated fromthe
mixture of reaction by smplefiltration. Also, thispro-
tocol can beappliedto e ectron-rich heterocyclic aro-
matic aldehydes(TABLE 1, entries 14-15), and el ec-
tron-efficient hetero-aryl aldehydes (TABLE 1, en-
tries 16-17), aswell asalkyl aldehydes (TABLE 1,
entry 13). All of compounds were characterized by
spectroscopic methods (IR, *H NMR and BCNMR)
and demental analyses.

Mechanistically theformation of the products (4a-
g) canbevisudized by initia Knoevenagel condensa

TABLE 1: Catalyst-freeone-pot three-component synthesis
of 4-aryl-3-methyl-4,5-dihydr o-1H-pyr azol o[ 3,4-b]-pyridin-
6(7H)-onederivatives(4a-q)

Entry  Ar/Product®  Time/min Yield (%)° Mp (Lit. Mp °C)°
1  3-NO»CgHs/ 4a 80 92 266 (265-267)
2 4-MeNCgH4/ 4b 90 91 348 (347-349)
3 4-NO,CeH4/ 4c 80 93 > 350 (> 350)
4 CeHs/4d 85 87 304 (304-306)
5 4-CIC¢H,./ 4e 95 92 346 (344-346)
6  4-MeOCg¢H, / 4f 100 90 308 (308-310)
7 2,4-Cl,CeHs/ 4g 110 87 > 350 (> 350)
8 3,4-(MeO),CsHs/ 4h 95 90 233 (230-232)
9  14-phenylene/ 4i 95 88 > 350 (> 350)
10 4-FCgsH4/ 4§ 85 90 308 (306-308)
11  4-Br CgH4/ 4k 95 89 348-350°

12 2-MeOCgH,/ 4l 95 90 279-281°
13 4-isopropyl / 4m 75 89 293 (292-295)
14 2-Furyl / 4n 85 88 > 350 (> 350)
15 2-thienyl / 40 95 90 306 (303-305)
16  pyridin-3-yl / 4p 100 86 306 (302-305)
17  pyridin-4-yl / 4q 90 90 307-310°

aAll Compounds were identified by spectroscopic (FT-IR, *H
NMR, and C NMR) data and elemental analyses; ® Yields of
theisolated products; ¢ Melting points of more compounds are
consistent with reported values®?; ¢ New synthesized
compounds.

tion of aldehydes(3) and 6,6-dimethyl-1,3,5-trioxane-
2,4-dione resulting in arylidene (5), followed by a
Michael type nucleophilic addition of C-4 of the
pyrazoleringto theenoneintermediate (5), and subse-
quent cyclodehydration to furnish the desired com-
pounds (Scheme 2).
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(5) (6)

(4a-q)
Scheme 2 : Plausible mechanism of for mation of (4a-q)

EXPERIMENTAL

Mélting pointswere measured on an Electrother-
mal 9100 apparatus. FT-IR spectrawere determined
on aShimadzo FT-IR spectrometer. *H NMR and *C
NMR spectrawere recorded on a 500 MHz Bruker
DRX-500inDMSO-d, assolventand TMSasanin-
terna standard. Elemental analyseswere doneon a
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Carlo-Erba EA1110 CNNO-S analyser and agreed
with the cal cul ated val ues. Chemica swere purchased
from Merck andAldrich. All solventsused weredried
and distilled according to the standard procedures. The
development of reactionswas monitored by thin layer
chromatography (TLC) on Merck pre-coated silicagel
60 F,., duminum sheets, visudized by UV light.

General procedurefor thesynthesisof (4a-q) com-
pounds

A solution of 5-amino-3-methyl-1H-pyrazole (1
mmol), 6,6-dimethyl-1,3,5-trioxane-2,4-dione (1
mmol), aryl ddehydes(1 mmol) werereacted in reflux-
ing EtOH (7 mL) in awater bath for therequired reac-
tiontimes(TABLE 1). After completion of thereac-
tion, which was checked by TLC the solvent was
evaporated under vacuum and theresiduewas purified
by recrystallization from amixtureof EtOH and H,Oto
furnish thedesired products (4a-q)

Spectral data of somer epresentative compounds
(40)

White solid, '"H NMR (DM SO-d,, 500 MHz): &
1.80 (s, 3H); 2.50 (m, 1H); 2.76 (m, 1H); 4.12 (m,
1H); 7.09 (t, J = 1.65, 8.45 Hz, 2H); 7.46 (m, 2H);
10.28 (s, 1H, NH); 11.80 (s, 1H, NH). *C NMR
(DMSO-d,, 125 MH2z): 6 9.9, 33.8, 40.8, 101.9,
120.1, 129.7, 132.0, 135.2, 143.7, 149.2, 169.8
(C=0). v Jcm* (KBr): 1090, 1500, 1540, 1650,
2910, 3000, 3060, 3130, 3170. Anal. cald. for
CH,,BrN,O (261.71): C, 51.00; H, 3.95; N, 13.72
%; Found: C, 51.10; H, 3.90; N, 13.60%.

(4p)

White solid, '"H NMR (DM SO-d,, 500 MHz): &
1.82 (s, 3H); 2.45 (m, 1H); 2.74 (m, 1H); 3.78 (s,
3H); 4.36 (m, 1H); 6.78 (m, 2H); 6.96 (d, J = 8.15
Hz, 1H); 7.17 (m, 1H); 10.20 (s, 1H, NH); 11.76 (s,
1H, NH). ®*C NMR (DMSO-d,, 125 MHz): 6 9..8,
28.0, 40.6, 55.8, 101.5, 111.4, 120.8, 127.6, 128.3,
1315, 134.9, 149.8, 156.7, 170.2 (C=0). v__/cm™*
(KBr): 1100, 1540, 1600, 1625, 1650, 2910, 3000,
3040, 3120, 3195. Anal. cald. for C ,H.N,O,
(257.29): C, 65.35; H, 5.88; N, 16.33 %; Found: C,
65.15; H, 5.75; N, 16.44%.

(40)

= Fyl| Peper

White solid, *H NMR (DM SO-d,, 500MHz): &
1.85 (s, 3H); 2.55 (m, 1H); 2.81(m, 1H); 4.16 (m,
1H); 7.14 (d, J=5.90Hz, 2H); 8.45 (t, J=1.3Hz,J
= 5.95 Hz, 2H); 10.32 (s, 1H, NH); 11.85 (s, 1H,
NH). *C NMR (DMSO-d,, 125 MHz): § 9.9, 33.6,
40.8,100.1,122.8,135.3, 149.2, 150.4, 152.9, 169.6
(C=0). v, /cm* (KBr): 1100, 1600, 1650, 3180,
3160.Anal. cad. for C H,,N,0(228.25): C, 63.15;
H, 5.30; N, 24.55 %; Found: C, 63.20; H, 5.25; N,
24.45%.

CONCLUSION

In summary, we develop an efficient and conve-
nient procedure for the synthesis of 4-aryl-3-methyl-
4,5-dihydro-1H-pyrazol o] 3,4-b] pyridin-6(7H)-ones
via three-component reaction of 5-amino-3-methyl-1H-
pyrazole, Meldrum’s acid and various aldehydes. This
procedure offersadvantages such asmild reaction con-
ditions, higher yield, easy work-up, economic, smplic-
ity, benign environmentally, and awastefree chemical
process for the synthesis of dihydropyra-
zolopyrimidones.
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