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ABSTRACT

The synthesis of two series of pyrazolo [3, 4-c] pyrazoles linked to pyridine (3a-d) and pyrrole (5a-d) is achieved by
reaction of Chalcones of pyrazolone (3) and (5) with hydrazine hydrate, Thiosemicarbazide, semicarbazide and
phenyl hydrazine in the presence of NaOH /EtOH or AcONa/AcOH. Chalcones (3) and (5) required for the synthesis
are prepared by the condensation reaction of 5-methyl-2,4-dihydro-3H-pyrazol-3-one (1) with hetero Aromatic
aldehydes (2) and (4). Compound 1 intern is prepared by the cyclization reaction between ethylacetoacetate and
hydrazine hydrate in absolute alcohol. Structures of the synthesized compounds have been elucidated by means of
IR, *H NMR and mass spectral data. Biological screening of all compoundsis reported.
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INTRODUCTION

Heterocycles and medicines are both interrelateduse humans are totally dependent on the druggeeddrom

heterocyclic rings. Heterocycles and their derixggi have attracted the attention of chemists, mdietause of
broad spectrum biological and pharmacological #&&& associated with this class of compounds sigdiaving

nitrogen, Sulphur and oxygen or three hetero atdrhge. pyrazole ring is a prominent structural mdésiéind in

numerous pharmaceutically active compounds. Pyeaaodl pyrazolone ring systems represent an impatass of
compounds not only for their theoretical interest dlso for their anti-inflammatory, postmenopausateoporosis,
angiotension, antagonists, and anticoagulant &etvi1-3]. This is mainly due to the ease prepamnaand the
important biological activity. Pyrazole frameworkaps an essential role in biologically active compds and
therefore represents an interesting template fonbioatorial as well as medicinal chemistry [4-5ucB as
antibacterial [6], antifungal [7], antiviral [8],néitubercular [9], antioxidant [10], antiandrogeificl] etc. Some of
these compounds have also exhibited antidiabe®[; flerbicidal activity [13], analgesic [14] andtigarasitic [15]

properties. Many pyrazoles have been found to mnescent and fluorescent [16, 17] agents. In andjiyrazoles
have played a crucial role in the development ebtli in heterocyclic chemistry and also used extehsas useful
synthon in organic synthesis [18-22]. It is int¢irgg to note that fused bis-pyrazoles are repoa®dvell known
pharmacophores [23, 24].The activities of pyrazddgivatives include main topics like remarkable tbecidal,

bacteriostatic, sedative, antipyretic, antiamoesiti-inflammatory, muscle relaxant, [25-33] hypgmgmic and sex
stimulating agents This has prompted us to syrebesime of the pyrazolopyrazole derivatives bygisiydrazine
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hydrate, phenyl hydrazine Thiosemicarbazide andcsetrazide. It has been considered worthwhile ¢oiporate a
suitable functionality into these derivatives tdeydate their pharmacological activity [34, 35].cBaraged by these
results, it was planned to synthesize new chengntities incorporating the two active pharmacopbaramely,

pyrazoline and Heteronucles in a single molecutamgwork using chalcones of pyrazolone and hetefiocy
aldehydes as basic building blocks.

EXPERIMENTAL SECTION

Melting points were taken in open capillary tubesl are therefore uncorrected. Purity of the compsuwas
checked on silica gel G TLC plates of 2 mm thiclsnasing n-hexane and ethyl acetate as solventrsydibe
visualization of spot was carried out in an iodicleamber. The IR spectra were recorded on PerkireElm
spectrometer. ThtH NMR spectra were scanned on a Bruker DRX-300 Miiectrometer (300 MHz) in CDCI3
using TMS as internal standard and chemical shiftsexpressed i& ppm. The mass spectra were recorded on a
Jeol SX-102 (FAB) spectrometer.

Synthesis of 3-methylpyrazol-5-onel [38]:

Ethyl acetoacetate (0.5 mole) was taken in corflagsk and hydrazine hydrate (1 mole) in ethanol i@ was
added dropwise to it with stirring. The temperattaised during this addition and it was maintaine60°C when a
crystalline solid separated. The reaction-mixtues iurther stirred for 80 min at room temperatinentcooled in
an ice bath to complete the crystallization. Seedraolid was washed with ice cold ethanol.

Synthesis of 3-methyl-4-((pyridin-4-yl)methylene)-1H-pyrazol-5(4H)-one 3:
5-Methyl-2,4-dihydro-8i-pyrazol-3-one (1) (0.01 mole), Pyridine aldehydg(0.01 mole) and anhydrous sodium
acetate (0.02 mole) were dissolved in acetic aefllixed for 10 hr. The reaction-mixture was fidkdrand the
filtrate was poured on crushed ice. The solid alatdiwas recrystallized from ethanol.

Yield: 78% Yellow coloured compound, m.p: 275-2G5IR (KBr, cmi®): 3440 (N-H str.), 3053 (C-H str., Ar-H),
2949 (C-H str., Ch), 1709(C=0 str.), 1616 (C=N str’{ NMR (CDCk) 5 8.7(s 1H, NH), 7.5-7.8 (m, 4H, Py-H),
6.9 (s, 1H, =CH-Py), 2.51 (s, 3H, GH

Similarly, compound was also prepared with some change in reflux eimereaction work up. Their characteristic
spectral and analytical data are given below:

1,3a,4,5-tetrahydr o-3-methyl-4-(pyridin-4-yl)pyrazol o[ 3,4-c] pyr azol e 3a:

To a mixture of compound 3 (0.01mole) and hydrazZeydrate (0.01ml) in 30ml of ethanol a solutionNdOH
(0.02 mole) in 5 ml of water was added and refluxedlf® hr. The product was poured into crushed idgclvwas
filtered, dried and recrystalised from DMF.

Yield: 70% Light yellow coloured compound, m.p: 2886°C. IR (KBr) cm': 3422, (N-H str.), 3022(C-H str.Py-
H) , 2922 (C-H str., Ck), 1632 (C=N str.), 1680 (C=Ostr.),1422(C=C3H)NMR (CDCk): 38.01 (s, 1H, N-
H),10.9(s 1H NH )6.9-7.8 (m, 4H, H-Pyridine),R.65(s, 3H, CH); MS : m/z 200 [M]",196,168,145,98..

Compounds3b-d were also prepared in similar manner with chamgealvent (EtOH/AcOH or AcONa/NaOH)
reflux time. Their characteristic spectral and ptgisdata are given below:

3,3a-dihydro-4-methyl-3-(pyridin-4-yl)pyrazol o[ 3,4-c] pyr azole-2(6H)-car boxamide 3b

Yield: 57% Yellow coloured crystalline compound m391-305°C IR (KBr,cm): 3391,3330 (N-H str., N§j,
3025 (C-H str., Py-H), 2950 (C-H str., @H1670, (C=0 str.), 1615 (C=N str.), 1571(C=&), NMR (CDCk): &
8.48 (s, 1H, N-kbyrazole), 7.63-7.65(m, 4H, Py) 6.55 (s, 2H, BH2..51 (s, 3H, Ch); MS : mz 245 [M+1]",
227,209.191,177,143.

3,3a-dihydro-4-methyl-3-(pyridin-4-yl)pyrazol o[ 3,4-c] pyr azole-2(6H)-car bothioamide 3c

Yield: 66% Gray coloured compound, m.p: 330-8B1IR (KBr, cm®): 3448(N-H str., NH), 3033 (C-H str., Ar-
H), 2899 (C-H str., Ck), 1615 (C=N str.), 1440 (C=C str.), 1280 (C=S)stH NMR (CDCL): 5 8.7 (s, 1H, N-H),
6.62 (s, 2H, NH), 2.56 (s, 3H, Ch);
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1,3a,4,5-tetr ahydr o-3-methyl-5-phenyl-4-(pyridin-4-yl)pyrazol o[ 3,4-c] pyrazole 3d

Yield: 69% Yellow coloured compound, m.p: 288-289 IR (KBr, cm?®): 3435 (N-H str., Nh), 2947(C-H str.,
Py-H), 2922 (C-H str., C§, 1599 (C=N str.), 1493 (C=C str'j NMR (CDCk): 5 8.63 (s, 1H, N-fbyrazote), 7.5-
7.3 (m,4H,Py-H), 7.1-7.19 (m, 5H, Ar-H), 2.50 ($,3CHs); MS : mVz 278 [M+1]", 280 [M+2]", 260,189,
173,156,144.

1,3a,4,5-tetrahydr o-3-methyl-4-(1H-pyrrol-2-yl)pyrazol o[ 3,4-c]pyr azole 5a

To a mixture of compound (0.01mole) and hydrazine hydrate (0.01mole) andydrous sodium acetate (0.02
mole) were dissolved in acetic acid refluxed forht. The reaction-mixture was filtered and thedie was poured
on crushed ice. The solid obtained was recrystallizom ethanol.

Yield: 66% Buff coloured compound, m.p: 301-32 IR (KBr) cm’: 3435, (N-H str.,) 3050 (C-H str., Pyr-H) ,
2990 (C-H str., Ch), 1660, (C=0 str.), 1578 (C=N str.), 1474 (C=Qstt090 (C-O str.),'H NMR (CDCk): &
8.12-9.2 (s, 2H, N-H/Ndyaz0i), 11.5 (s, 1H, NH), 8.3-7.8 (m, 4H, Pyr-H), 2.83s1, CH;).

Compoundsbb-d were also prepared in similar manner with chamgeeflux time. Their characteristic spectral and
physical data are given below:

3,3a-dihydro-4-methyl-3-(1H-pyrrol-2-yl)pyr azol o] 3,4-c] pyr azole-2(6H)-car boxamide 5b

Yield: 65% Light coloured compound, m.p: 330-3%1 IR (KBr) cm: 3370, (N-H/NH str.,) 3050 (C-H str.,
Pyrole-H) , 2990 (C-H str., G} 1690, (C=0 str.), 1619(C=N str.), 1480 (C=Csti) NMR (CDCk): 5 8.1-9.2 (s
2H, N-H/NHpyrazoe), 6.9-7.1 (M, 3H, Pyr-H), 7.1(S, 2H, MK2.51 (s, 3H, Ch). MS :m/z 233 [M+1]

3,3a-dihydr o-4-methyl-3-(1H-pyrrol-2-yl)pyrazol o 3,4-c] pyr azole-2(6H)-car bothioamide 5¢

Yield: 58% Yellow coloured compound, m.p.355-386IR (KBr) cri': 3370-3420 (N-H/NH str.,) 3050 (C-H str.,
Pyr-H) , 2990 (C-H str., CH), 1620(C=N str.), 1532 (C=Cstr.), 1284(CZH)NMR (CDCk): 5 8.1-9.2 (s 2H, N-
H/NHpyrazoe), 6.9-7.1(m, 3H, Pyr-H), 7.1( S, 2H, NH 2.51(s, 3H, Ch. MS : m/iz 249 [M+1],
237,211,197,183,163.

1,3a,4,5-tetr ahydr 0-3-methyl-5-phenyl-4-(1H-pyrr ol -2-yl)pyrazol o[ 3,4-c] pyr azole 5d

Yield: 70% Black coloured compound, m.p: 320-321R (KBr) cm*: 3401, (N-H/NH str.,) 3050 (C-H str., Pyr-
H) , 2860 (C-H str., CE),2990(=C-H, Ar-H) 1630(C=N str.), 1489 (C=Cstr.JH NMR (CDCEL): 5-8.3 (s 1H,
NHpyrazoie)s 9.3(S,AH,NHpy0d 6.5-6.9(m, 5H, Ar-H), 2.51(s,3H,GH 6.22-6.4 (m,3H,Py-H). MS m/z 266
[M+1]", 251,204,194,161,141.

RESULTSAND DISCUSSION

In the present work the synthesis of pyridine apdgle derivatives of some pyrazolo pyrazoles 3&dheme 1)
and 5a-d (Scheme 2) from a series of reactionscamged out. In order to achieve this aim, 5-mety#i-dihydro-
3H-pyrazol-3-one 1 was used as starting materialchvhias prepared by the reaction between ethylacetate and
hydrazine hydrate in absolute alcohol. Compounchlcandensation with heterocyclic aldehyde 2 ard the
presence of sodium acetate as a base furnished8dre((pyridin-4-yl)methylene)-1H-pyrazol-5(4H)re and 4-
((1H-pyrrol-2-yl)methylene)-3-methyl-1H-pyrazol-34-one 3 and 5. Their structures were confirmednaans of
IR and*H NMR spectral analysis. An intense band betwe8444-3492 cih for NHstr, 3493 (N-ByrroLe)
stretching appeared in IR aftd NMR signal for CH of C=CH-Ar at 6.5-6.7 and fdH at 8.8-8.85 confirmed the
formation of 3 and 5. Compounds 3 and 5 were usesbenmon precursors for the target pyrazolopyra2atd and
5a-d. The 1,3a,4,5-tetrahydro-3-methyl-4-(pyridighpyrazolo[3,4-c]pyrazole 3,3a-dihydro-4-methy{dyridin-
4-yl)pyrazolo[3,4-c]pyrazole-2(6H)-carboxamide  3dhydro-4-methyl-3-(pyridin-4-yl)pyrazolo[3,4-c]pgzole-
2(6H)-carbothioamide 1,3a,4,5-tetrahydro-3-methyHenyl-4-(pyridin-4-yl)pyrazolo[3,4-c]pyrazole 3h-were
obtained by the treatment of 3a-d with hydrazerdrdte, semicorbozide ,Thiosemicarbazide and pheydidazene
in the presence of Acetic acid and sodium aceftte. spectral data are in good agreement with topgsed
structure. IR showed intense bands at 3430 and 8880 corresponding to the NHgroup,2985ci,1680cn
indicate aromatic =C-H,C=0 groups and a weak alisorpband at 1250 cth corresponding to C=S group,
confirming the occurrence of ring closure in thenfoof thioaminopyrazoline ring. ThéH NMR spectra
substantiated the results of the IR analysis amibérd a singlet at & 9.5-8.5 for NHNH protons, disappearance
of singlet at 6.5-6.7 for C=CH-Py, The structufeempound 3a-d was also confirmed by mass spettal
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In an alternative reaction pathway, 4 were condert® 1,3a,4,5-tetrahydro-3-methyl -4-(1H-pyrrol-2-
yl)pyrazolo[3,4-c]pyrazole 3,3a-dihydro-4-methyf-BH-pyrrol-2-yl)pyrazolo[3,4-c]pyrazole-2(6H)-carkamide,
3,3a-dihydro -4-methyl - 3- (1H-pyrrol-2-yl) pyrdmo[3,4-c] pyrazole-2(6H)-carbothioamide, 1,3a,tefahydro-
3-methyl-5-phenyl-4-(1H-pyrrol-2-yl) pyrazolo [3@lpyrazole 5a-d by the cyclization with hydrazingdtate,
semicarbazide, thiosemicarbazide and phenyl hyukeaini the presence of acetic acid and sodium &cefheirH
NMR spectra were conclusive is assigning the sirest Rings and disappearance of singlet for C=GHRAH
NMR spectra confirmed the cyclization. Compourtidsd were also verified by their NMR analysis and MS
fragmentation pattern data
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Antimicrobial Activity

Newly synthesized compounds were screened for thefibacterial activity against the Gram —ve baate
Escherchiacoli and the other Gram +ve bacteria Streptococcus poeiaa in addition to their antifungal activity
againstAspergillus niger andCandida albicans using the agar diffusion method [36-37] at a cotregion 1 mg/mL
using DMSO as a solvent. The results are recordegvarage diameter of inhibition zone in mm andgiven in
Table 1.

1.E.Coli

2.Streptococci

Cisstandard, 1-8 are samples

Fig-1
Table-1
Zone of inhibition in mm
Compound No. Antibacterial activity Antifungal activity
Escherichia coli | Streptococcus pneumoniae | Aspergillusniger | Candida albicans
3a 13.5 8 12 15
3b 8 3 11 12
3c 8 14 10 15
3d 12.8 14 13.5 15
5a 8 12 16 10
5b 8 N 16 14
5c 11 7 13 15
5d 14.2 2 16 17
Standard (Gentamycin) 10 8 | e e
Standard (Fluconazole) ~ --—-- | - 22 21

N = No inhibition
Compound3a, 3d, 5c and 5d showed highest activity against E. Coli and conmub8b,3c,5a and 5b showed

moderate activity againsk.Coli species. Compound8c, 3d and 5a showed very good activity against
streptococcus pneumoniae and compoundc showed moderate activity agairssteptococcus species. Amongst
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the tested compoundsa, 5b and 5d, showed good activity againstniger and 3d, 5¢c have shows moderate
activity againstA.niger. Compounds3a, 4d, 5¢c and5d have shown very good activity and compotsednd 5b
have shown moderate activity against candida atkichue to the above synthesized compounds exibjtg@od
activity of against antibacterial and antifungetivaty.
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