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ABSTRACT

Present work reports the development of a novel, one-pot protocal for the rapid synthesis of pyrazolopyrazoles. The
structures of synthesized compounds are in agreement with IR, NMR, and MASS Spectral data. A series of 4,5-
disubstituted-3-methyl-1,3a,4,5-tetrahydropyrazol of 3,4-c] -pyrazoles (l11a-f) was prepared by the reaction between
2,4-dinitrophenyl hydrazine, 5-methyl-2,4-dihydro- 3H-pyrazol-3-one (I1) and different aldehydes to microwave
irradiation. Compound Il was obtained by cyclization of ethylacetoacetateate (1) with hydrazine hydrate by stirring
in absolute ethanol. Microwaves used to heat the reaction mixture in the step 11 of the proposed reaction. All the
compounds wer e synthesized with good yield. All the synthesized compounds exhibited antibacterial and antifungal
activities at various MIC levels. Compound Illa showed good activity against Sreptococcus Mutans .The zone of
inhibition produced by this compound is more than that of standard used for  Streptococcus mutans. It shows
moder ate activity against Saphylococcus aureus, Shigella dysenteriae and Escherichia coli. Compound I11b showed
good activity against Streptococcus mutans and moderate activity against Shigella dysenteriae, Escherichia coli and
fungus Candida and Rhizopus. Compound I11d showed moderate activity against Escherichia coli. Compound Ille
showed moderate activity against Sreptococcus mutans, Shigella dysenteriae and Rhizopus and good activity
against Candida. Compound I11f showed good activity against Saphylococcus aureus, Candida and Rhizopus and
moderate activity against Shigella dysenteriae.
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INTRODUCTION

Industrial chemistry in the new millennium is wigehdopting the concept of "Green Chemistry" to mibet
fundamental scientific challenges of protecting thugnan health and environment while maintaining warcial
viability. The emerging area of green chemistry isages minimum hazard as the performance critehidew
designing new chemical processes, one of the tlanests for achieving the target is to explore a#téve reaction
condition and the media to accomplish the desitainical transformation with minimized by productsaaste as
well as eliminates the use of conventional orgaoigents. The microwaves couple directly with theleoules that
are heating, leading to a rapid rise in temperafline result is an instantaneous heating of angtttiat will react to
dipole rotation or ionic conduction, the two fundamtal mechanisms for transferring energy from nvierges to
the substance being heated. The pharmaceuticaltiamae of pyrazolines, which are of our interass In the fact
that they can be effectively utilized as antibdetdil-5], antifungal [1, 3-5], anti-inflammatonB], antitubercular
[7], analgesic [8], insecticidal [9], antiparasifi0] and antiviral [11] agents. Some of these coumuls have also
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anticonvulsant [12], cardiovascular [18hd anticancer [14] properties. In addition, pgltees have played a
crucial part in the development of theory in hetgalic chemistry and also used extensively in oigaynthesis.
The literature survey reveals the importance o&pgtines as intermediates in dye industry and #reyalso useful
as biodegradable agrochemicals. The present studées performed with the objectives: microwave stssi
synthesis of new series of pyrazoles, charactésizdty spectral methods and screening of the aatohial activity
of the synthesized compounds.
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Fig.1. Microwave and conventional heating
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Fig.2. Molecular oscillations of polarisable substancesunder theinfluence of an alternating electric field
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MATERIALSAND METHODS

All reactions were carried out under prescribedotatory conditions. All the reactions requiring gdious
conditions were conducted in well dried apparalle solvents and reagents used in the synthetik were of
laboratory reagent grade and were purified by li§tin and crystallization techniques wherever essary and
their melting points were checked with the avagalilerature. Melting points of newly synthesizeasmpounds
were determined by open capillary method and wemneorrected. The final products were purified by
recrystalization and purity was checked by micraCTThe IR spectra of the compounds were recordefASTCO
FT/IR-5300 spectrometer using KBr pelléd NMR spectra were recorded in a BRUKER DPX-400MHz
spectrometer using TMS as internal standard. GCpgtsa were recorded in SHIMADZU QP 50000. Elemienta
analysis for C, H and N were performed on a PEREINVVER 240 C elemental analyzer and were found to be
within + 0.4 % of the theoretical values.

ANTIMICROBIAL ACTIVITY

Antibacterial activity: The newly synthesized compounds were evaluatedh®rantibacterial activity against
bacterial strains by using zone of inhibition methfl5]. The solutions of the test and standard slrug
amoxicillin/clavulanic acid and cefixime were prepa at the concentration of 100@/mL in DMSO. Previously
sterilized, liquified Muller Hinton Agar media wasoculated with the requisite quantity of the susgen of the
microorganism at a temperature between 40-50 °Qttenéhoculated medium was poured immediately asapt
into Petri dish, previously sterilized to occupgepth of 3-4 mm. The Whatmann filter paper no. 2 wat down
into a small disc (6 mm in diameter) sterilizedte hot air oven and then impregnated with thedekitions and
standard solution. The dried discs were placedchenstirface of the medium aseptically. All the Pdishes were
left standing for 1 to 4 h at room temperatureagseriod of pre-incubation diffusion to minimizeetleffects of
variation in time between the applications of difiet solutions. All the Petri dishes were incubdt@d24 h at 37
°C. After incubation the diameters of the circlitdribition zones were measured.

Antifungal activity: The newly synthesized compounds were evaluatedhrantifungal activity against fungal
strains by using zone of inhibition method [15].eTholutions of the test drugs as well as the standaug,
ketoconozole were prepared at the concentratid000pug/mL in DMSO seperately. After completion of a jeki
of pre-incubation diffusion, all the Petri disheere incubated for 48 h at 25 °C. After incubatibe tiameters of
the circular inhibition zones were measured.

Synthesis of 5-methyl-2,4 dihydro-3H-pyrazol-3-one (I1) (conventional method)

Ethylacetoacetate (1.3g, 0.01mol) was placed inracel flask and stirred magnetically during thevsldropwise
addition of solution of hydrazine hydrate (98%,5E 0.01 mol) in absolute ethanol (1ml) and temhemof about
60° C was maintained, a crystalline deposit was separafter stirring for 1 h at room temp, the reantimixture
was cooled in an ice bath to complete recrystatisafiltered, washed with ice-cold ethanol, dried.p.222 C.

Yield 0.889,90%.

General procedure

Synthesis of 5-(2,4-dinitrophenyl)-3-methyl-1,3a,4,5-tetr ahydr opyrazol o[ 3,4-c]pyrazoles (I11a-f)

A mixture of 5-methyl-2,4 dihydro#3-pyrazol-3-one (II) (0.98g, 0.01mol), Aromatic afgele (0.01 mol), 2,4-
dinitrophenylhydrazine (1.98g, 0.01 mol), was digsd in DMF (40ml) in presence of anhydrous sodiacetate
(0.82g, 0.01mol) and irradiated under microwavé&d (W) for 8 mins. Reaction completion was monitblbg TLC
(mobile phase: benzene), mixture was cooled, poirréde water; crude product thus obtained was edshith
cold ethanol. Yield and melting point were noted.

4-Phenyl-5-(2,4-dinitr ophenyl)-3-methyl-1,3a,4,5-tetr ahydr opyrazolo-[3,4-c]pyrazole (I11a): IR (KBr, cm?):
3287 (N-H), 1585(C=N).*H NMR (CDC}) &: 8.5 (d, 1H, C3aH), 7.8 (d, 1H, C4-H), 7.2-7.5 (m, 8H, Ar-H), 6s6(
1H, N-H), 2.4 (s, 3H, -Ck. M/e: 366; Anal. (GH14NgO4) Found: C, 55.71; H, 3.84; N, 22.93 Calculated, : C
55.73; H, 3.85; N, 22.94%.

4-(2-Chlor ophenyl)-5-(2,4-dinitr ophenyl)-3-methyl-1,3a,4,5-tetrahydr opyrazolo-[3,4-c] pyrazole (I11b): IR
(KBr, cm™): 3262 (N-H), 1520 (C=N)H NMR (CDCk) &: 8.7 (d, 1H, C3a-H), 6.9 (d, 1H, C4-H), 7.41-7 (54,
7H, Ar-H), 6.2 (s, 1H, N-H), 2.43 (s, 3H, GHM/e: 400; Anal. (&H13CINgO,) Found: C, 50.55; H, 3.12; N, 21.65.
Calculated : C, 50.95; H, 3.27; N, 20.97%.
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4-(2-Hydr oxyphenyl)-5-(2,4-dinitr ophenyl)-3-methyl-1,3a,4,5-tetr ahydr opyrazolo-[3,4-c] pyrazole (lllc): IR
(KBr, cm™): 3428 (OH and N-H), 1509 (C=NY4 NMR (CDCL) &: 9.1 (s, 1H, OH), 8.6 (d, 1H, C3a-H), 7.3-7.5 (m,
7H, Ar-H), 7.0 (d, 1H, C4-H), 6.3 (s, 1H, N-H), 2% 3H, CH). M/e: 382; Anal. (&H14NgOs) Found: C, 49.32; H,
3.68; N, 20.46 Calculated : C, 49.04; H, 3.87; 8,13%.

4-(2,4-Dichlorophenyl)-5-(2,4-dinitr ophenyl)-3-methyl-1,3a,4,5-tetrahydr opyr azolo-[3,4-c] pyrazole (I11d): IR
(KBr, cm™): 3281 (N-H), 1581 (C=N):H NMR (CDCk) &: 8.0 (d, 1H, C3a-H), 7.2-7.5 (m, 6H, Ar-H), 6.8 (H,
C4-H), 6.2 (s, 1H, N-H), 2.5 (s, 3H,_GH M/e: 435; Anal. (gH1, ClLNgO,) Found: C, 46.80; H, 2.54; N, 19.10
Calculated : C, 46.91; H, 2.78; N, 19.31%.

4-(4-Diaminomethylphenyl)-5-(2,4-dinitr ophenyl)-3-methyl-1,3a,4,5-tetr ahydr opyr azolo-[ 3,4-c] pyrazole

(1I11e): IR (KBr, cm™): 3281 (N-H), 1507C=N).'H NMR (CDC}) &: 8.07 (d, 1H, C3a-H), 7.2 (d, 1H, C4-H), 7.37-
7.45 (m, 7H, Ar-H), 6.5(s, 1H, N-H), 3.1 (s, 6H,(NH3),), 2.5 (s, 3H, CH). M/e: 409; Anal. (GH1sN;O,) Found:
C, 55.60; H, 4.32; N, 23.80 Calculated : C, 55H44.68; N, 23.95%.

4-(3,4,5-Trimethox phenyl)-5—(2,4—dinitr0phen;d)-3—methyl-1,3a,4,5—tetrahydropyrazolo-[3,4c]pyrazole

(111f): IR (KBr, cm™) 3268 (N-H), 1586 (C=N)."H NMR (CDCk) é: 8.07 (d, 1H, C3a-H), 6.9 (d, 1H, C4-H), 7.39-
7.56 (m, 5H, Ar-H), 6.2 (s, 1H, N-H), 3.1 (s, 9IDCHs)3), 2.5 (s, 3H, Ch). M/e: 456; Anal. (GH20NsO;) Found:
C, 52.46; H, 4.10; N, 18.24; Calculated : C, 521834.41; N, 18.41%.

RESULTSAND DISCUSSION

The physical data of synthesized compounds (llig-Biven inTable 1, antibacterial activity is given ifable 2
and antifungal activity is given ihable3

Table 1 Physical data of 4,5-disubstituted-3-methyl-1,3a,4,5-tetr ahydropyr azolo[3,4-c]pyrazoles (111a-f)

Reaction m.

Compound R R; R> R3 time Recr;/j\ill:qztanon %yield p. “?grl?ncﬂ:gr Mxﬁarj]ltar V;Le
(minutes) (o) 9

llla H H H H 8 Ethanol 68 222267 Ci17H14N6O4 366.332 0.66
Glacial acetic 215-

Illb Cl H H H 8 acid + 72 216 C17H13CINgO, 400.777 0.44
Ethanol(1:1)
Glacial acetic 206-

llic OH H H H 8 acic 69 208 Ci17H14N6Os 382.331 0.62
Glacial acetic 223-

llid Cl H Cl H 8 acid 79 224 C17H12CLN6O, 435.222 0.60

llle H| H |NCH),| H 8 Ethanol 74 | 23| CuHNiOs | 409399 | 0.4

I H |OCHs | OCH | OCH 8 G'acéac'igcet'c 80 22“?‘;:5' CaHaNeO; | 456.409 | 0.53

* Ry value was determined in benzene: acetone (1:1)

ANTIMICROBIAL ACTIVITY

A drug is considered to have bacteriostatic or fstagjc activity when it inhibits the activity ofalsteria or fungi
respectively and bactericidal or fungicidal activitnd when it kills bacteria or fungi. Importantctars for
antimicrobial activity are size of the inoculum, taigolic state of microbe, pH, temperature, duratibmteraction,
concentration of inhibitor and presence of intexfexe substances. Antibacterial activity was cardetion four
bacterial strains, nameBtreptococcus mutans (gram positive) taphylococcus aureus (gram positive) Escherichia
coli (gram negative)shigella dysenteriae (gram negativepnd antifungal activity was carried out on two fahg
strains, namelyCandida albicans and Rhizopus oryzae. The results are shown in Table 2 and 3. From tkeltse
compound llla showed good activity agair@teptococcus mutans. The zone of inhibition produced by this
compound is more than that of standard usedSfoeptococcus mutans. It showedmoderate activity against
Staphylococcus aureus, Shigella dysenteriae and Escherichia coli. Compound Illb showed good activity against
Sreptococcus mutans and it is moderately active againShigelladysenteriae, Escherichia coli. Compound llic
showed no significant antibacterial activity andwid less activity against fungBkizopus oryzae. Compound llid
showed moderate activity agair&cherichia coli. Compound llle showed moderate activity agalisgptococcus
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mutans, Shigella dysenteriae and Rhizopus oryzae and goodactivity againstCandida albicans. Compound IlIf
showed good activity againStaphylococcus aureus, Candida albicans and Rhizopus oryzae and it is moderately
active againsghigella dysenteriae.

Table 2 Antibacterial activity of 4,5-disubstituted-3-methyl-1,3a,4,5-tetr ahydropyr azolo[3,4-c] pyrazoles (111 a-f)

Diameter of zone of inhibition (mm)
Microorganism Compound Compound Compound Compound Compound Compound Standar d*
Illa I11b Iic Id Ille I1f (1mg/mi)
(Img/ml) (Img/ml) (Img/ml) (Img/ml) (Img/ml) (Img/ml) 9
Streptococeus 15 16 NA 6 12 2 16
mutans
Staphylococeus 8 NA 2 4 4 12 14
aureus
Shigella 16 12 NA 2 12 16 24
dysenteriae
Escherichia coli 14 12 4 10 4 4 20
NA: No activity at this amount of test compound or standard
*Standard drugs. Amoxicillin-clavulanic acid (for gram positive bacteria), Cefixime (for gram negative bacteria)
Table 3 Antifungal activity of 4,5-disubstituted-3-methyl-1,3a,4,5-tetrahydropyrazolo [3,4-c]pyrazoles (111a-f)
Diameter of zone of inhibition (mm)
Microorganism Cor:lﬁ(;und COTﬁgund Cor:llplc::und Corm(c)jund Compound Compound Standar d*
(1mg/ml) (Img/mi) (1mg/ml) (Img/mi) I11e (Img/ml) 111 (Img/ml) (Img/ml)
Candida 8 12 8 6 22 24 26
albicans
Rhizopus oryzae 6 10 12 NA 16 18 22

NA: No activity at this amount of test compound or standard
*Standard drug: Ketoconazole

CONCLUSION

Microwave assisted synthesis of pyrazolopyrazaemntirely possible. The yield is almost quanti&tiThe present
method is mild, exceedingly efficient, very rapitdaespecially Eco-friendly. All the compounds weyathesized
with good vyield (68-80%). All the synthesized comapds exhibited antibacterial and antifungal adgeit
Compound Illa and compound Illb showed good agtidgainstSreptococcus mutans and moderate activity
againstStaphylococcus aureus, Shigella dysenteriae andEscherichia coli. Compound IllIb showed moderate activity
againstfungusCandida albicans and Rhizopus oryzae. Compound llic showed no significant antibactedetivity
and showed less activity against fungmisizopus oryzae. Compound llld showed moderate activity against
Escherichia coli. Compound llle showed moderate activity agalBsgptococcus mutans, Shigella dysenteriae and
Rhizopus oryzae and good activity agains€andida albicans. Compound llIf showed good activity against
Staphylococcus aureus, Candida albicans and Rhizopus oryzae and it is moderately active againShigella
dysenteriae.. The synthesized compounds apart from the antibial activities, are believed to exert variouseoth
activities such as antiinflammatory, analgesicicamvulsant, CNS depressant, ulcerogenic, anthdikréuctivities.
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