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ABSTRACT

Five different fused pyrazoles with nicotinoyl moiety and their inclusion complexes with g-cyclodextrin have been
prepared. The formation of compounds and their inclusion complexes have been ascertained from the determination
of melting point, elemental analysis and spectral properties. Finally, the compounds and their inclusion complexes
have been screened for anthelmintic activities. It is found that there happens a significant increase in anthelmintic
activities due to the formation of inclusion complexes.
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INTRODUCTION

Pyrazoles and fused pyrazoles exhibit a wide spectf biological and pharmacological activitide antifungal,
antibacterial, antidepressant, antitubercular,dgticidlaletc[1-9]. Secondly there are also repdrtt fused pyrazoles
coupled with a nicotinoyl unit, are showing excetlantimicrobial activities[10]

Helminth infections are the most common health [@ols in India and also in other developing cousffi]. Most
of the anthelmintic are used to expel parasitic morfrom the body either by stunning or by killing[1
Chemotherapeutic practices develop resistance stgaithelmintic[13-15]. The drug efficiency of teesompounds
may be enhanced by forming inclusion complex v@itityclodextrin, a nontoxic cheaper oligosacchafib@d7].
Although a number of drugs are known to exhibithafrhintic activities but there are no reports othatmintic
activities of fused pyrazoles.

In the present work, an attempt has been madentbessise some fused bispyrazoles with nicotinoil such as of
1-Nicotinoyl-4-aryl-3-methyl 3a, 4-dihydropyrazo[8, 4c] pyrazoles in their purest forms and to preptheir
inclusion complexes witfi- cyclodextrin. The formation of inclusion complexieas been ascertained by the study
of the physical and spectral characteristics. Binahthelmintic activities of the compounds andithaclusion
complexes are studied to know whether the inclusamplex formation has any impact on such actisitie
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EXPERIMENTAL SECTION

Apparatusand M aterials

All the chemicals of acceptable standards were ysest from local market. Double distilled water wased as
solvent. Electronic spectra were recorded on Shimdd\V-1700 spectrophotometer. IR spectra were diabiin
KBr pellets in Perkin-Elmer-1800 FT-IR spectropimoeter, andH NMR spectra (DMSO+) were scanned on a
DRX-300 (300MHz) spectrophotometer using TMS asnéernal standard and chemical shifts are expcessg,
ppm. Purity of the synthesized compounds has béecked by elemental analysis and homogeneity has be
checked by TLC using silica gel-G, as adsorbenelting points were recorded by open capillary mdtho

Synthesis of 1-Nicotinoyl-4-aryl-3-methyl 3a, 4-dihydropyrazolo [3, 4c] pyrazoles. The synthesis of the
compounds has been carried out in three stepsoagsh scheme-1[10] .

i) Synthesis of 2-nicotinoyl-5-methyl-2,4-dihydro-3H-pyrazol-3-one:

A mixture of nicotinic hydrazide (pyridine-3-carbgairazide) (1.4g, 0.01lmole) and ethyl acetoacetht8g(
0.01mole) was taken in dry ethanol(10mL) and refhlior 40hr. Excess of solvent was distilled offlahe
resultant residue was poured on crushed ice tarotiia pale white coloured residue (Compound-1).

IR (KBr): 3101(CH str., ArH), 2948 (CHstr. Gji 1687, 1654 (C=Ostr.), 1600EC=Nstr.); '"HNMR
(DMSO-d): 7.54-8.79(m, 4H, Ar-H), 4.89 (s, 2H, CK12.26 (s, 3H, CH

i) Synthesis of 4-Benzylidene-2-nicotinoyl-5-methyl-2,4-dihydro-3H-pyrazol-3-one(A):

Compound-1(0.20g, 0.001mole) was dissolved buffer solution of 10ml acetic acid and anhydrgodium
acetate (0.082g, 0.001mole) and benzaldehyde (6,10®01mole) was added to it. The resultant remacti
mixture was refluxed for 12hr, cooled, filtered apdured on crushed ice and kept for sometimesdSbli
(bezylidene)-2-nicotinoyl-5-methyl-2,4-di-hydro-3pjrazol-3-one has been gradually appeared. It Witased
and driedA).

IR(KBr): 3101(C-Hstr., Ar-H), 2922(C-Hstr., CH), @9(C=Ostr.), 1592ciHC=Nstr.); ‘HNMR(DMSO-d):
7.09-8.01(m, 9H, Ar-H), 6.22(s, 1H, =CH-Ar), 2.1084, CH)).

Similarly, compound B: 4-(4-bromobenzylidene)-2-nicotino-yl-5-methyl-2,#gdro-3H-pyrazol-3-one,
compoundC: 4-(3-nitrobenzylidene)-2-nicotino-yl-5-methyl-2,4hgdro-3H-pyrazol-3-one, compoun®: 4-
(2-chlorobenzylidene)-2-nicotino-yl-5-methyl-2,4hgdro-H-pyrazol-3-one  and compoundE:  4-(4-
chlorobenzylidene)-2-nicotino-yl-5-methyl-2,4-dihpd3H-pyrazol-3-one  have been prepared. The
characteristic spectral data of the above compowmie given below:

Characteristics of B:
IR(KBr): 3093(C-Hstr., Ar-H), 2913(C-Hstr., Cj§ 1711(C=0Ostr.), 1600(C=Nstr.), 738¢(C-Brstr.);'HNMR
(DMSO-t): 6.94-7.94(m, 8H, Ar-H), 6.26(s,1H,=CH-Ar), 2.52GH, CH).

Characteristics of C:
IR(KBr): 3091(C-Hstr., Ar-H), 2916(C-Hstr., CH), 17(C=0str.), 1589ci(C=Nstr.); 'HNMR(DMSO-d):
7.07-7.99(m, 8H, Ar-H), 6.19(s, 1H, =CH-Ar), 2.178H, CH,).

Characteristics of D:
IR(KBr): 3093(C-Hstr., Ar-H), 2913(C-Hstr., C{ 1711(C=0str.), 1600(C=Nstr.), 738'&(ﬁ:-CIstr.);lHNMR
(DMSO-d;): 6.94-7.94(m, 8H, Ar-H), 6.26(s, 1H, =CH-Ar), 2(3, 3H, CH).

Characteristics of E:

IR(KBr): 3093(C-Hstr., Ar-H), 2913(C-Hstr., Cj§ 1711(C=0str.), 1600(C=Nstr.), 738¢r(C-Clstr.);"HNMR
(DMSO-d): 6.94-7.94(m, 8H, Ar-H), 6.26(s, 1H, =CH-Ar), 2(, 3H, CH).
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iii) Synthesis of 1-nicotinoyl-4-phenyl-3-methyl-3a,4-dihydropyrazol o[ 3,4-c] pyrazole(K):

Compound A (0.34g, 0.001mole) and hydrazine hyd¢@t@02mole) were taken in dry ethanol (10mL) and a
few drops of acetic acid (as catalyst) was addedt.tdhen the reaction mixture was refluxed for ,9hr
concentrated, cooled and poured on crushed icepiiduct obtained was washed several times witkematd
then driedK).

Similarly compoundL: 1-Nicotinoyl-4-(4-bromobenzylidene)-3-methy&ad-dihydropyrazolo[3,4&]pyrazole,
compoundM: 1-Nicotinoyl-4-(3-nitrobenzylidene)-3-methykb3i-dihydropyrazolo[3,4]pyrazole, compound
N: 1-Nicotinoyl-4-(2-Chlorobenzylidene)-3-methy&3-dihydropyrazolo

[3,4-c]pyrazole and compoun@®: 1-Nicotinoyl-4-(4-chlorobenzylidene)-3-methy&d-dihydropyrazolo[3,4-
c]pyrazole were prepared. Their characteristic spéand analytical data were given in Tabsnd2.
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D:X = 2-Chloro
E: X = 4- Chloro

Aqueous Phase Solubility M easurements

The aqueous phase solubility of the compounds heen bstudied by Higuchi-Corner method at various
concentrations of-cyclodextrin (0-10mM)[19]. Accurately weighed sdmpf these compounds were shaken in
rotary flash shaker at room temperature by using iseries of conical flask for a period of 48 hotilisthe
attainment of equilibrium. The solutions were filtd through whatmann-42 filter paper and were aealyn a UV-
visible spectrophotometer. The various values gbédfance at-max were plotted against different concentrations
of B- cyclodextrin.

Synthesis of inclusion complexes

The inclusion complexes of the compounds vgityclodextrin have been prepared as per co-preaipit method
417 proper concentrations of the solutions of theseppunds were added drop by drog+oyclodextrin solution
of the required concentration. Stirring of the $iolus was carried out for a period of 48 hours. $tieed solutions
are filtered. The filtrates were cooled for 24 teour refrigerator. The precipitates obtained wdlteréd, washed
with water and dried in open atmosphere for 24 §iour

Evaluation of Anthelmintic activity

The synthesized compounds are screened for antitenaictivity by using earth worm®¢ritima posthuma).The
organism Peritima posthuma, was selected because it has anatomical and phggialadesemblance with intestinal
roundworm parasite of human beings. Six earth vgoohnearly equal size and equal weight were plaoned
standard drug solution and test compound solutadm®om temperature. Normal saline was used asatoitthe
standard drug and test compounds were dissolvedrimmum quantity of DMSO and the volume was adjdatp
to 15 mL with normal saline solution to get the centration of 0.5% w/v. Albendazole (20mg/ml) wad as a
standard drug. Poured 10 ml of each suspensiorejrarate petri dish. Left six animals in each péthd
Observations were made for the time taken to pasaty death of individual worms. Paralysis was saidccur
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when the worms do not receive any sense even imalaaline. Death was concluded when the worms tlosie
motility followed with fading away of their body tmur, when dipped in warm water (%0). The compounds were
evaluated for the time taken for complete paralgsid death of earthworms. The mean lethal timecfmh test
compound was recorded and compared with standagd dr

RESULTSAND DISCUSSION

The synthesis of compounds was confirmed from mlayslata (Table 1) and spectral data (Table 2).elémental
compositions were matching with theoretical datab{€-1). The Infra-Red and NMR data indicated ttesence of
expected bonds and groups in the newly synthesiaatbounds. The inclusion complex formation was icored
from significant changes in colour, melting poimable-1), a shift in UV-Visible absorption maximwumd Infra-red
signals of characteristic absorption peaks (Taplefhe higher melting point of inclusion complexiég®n the
compounds may be attributed to the fact that extnaunt of thermal energy is required for the latbelpring it out
of B- cyclodextrin cavity. The shift in UV-Visible abggion maximum and Infra-red signals of charactaris
absorption peaks (Table-2) may be attributed tdrdmesference of the compound from a more protisrenment to

a less protic environment within the cavity pfcyclodextrin. Such changes in spectral charattesisiue to
inclusion complex formation may be due to the wedkractions like hydrogen bonding, vander Waatiscés,
hydrophobic interactions etc. between the guestpoumd and the host as proposed earlier [16-18,R0T21e
aqueous phase solubility plots of the compoundh iB-cyclodextrin solution (Fig. 1) exhibited a linéacrease
in solubility of these compounds with increasingnoentration of3-cyclodextrin. Since the slopes of all the plots
were less than unity, the stoichiometry of thesenglexes may be 1:1{21-23]. The thermodynamic $itsbi
constants (K) of inclusion complexes were determined by usirendsi-Hilderband relation [24]. Good linear
correlations were obtained for a plot oA&/ verses B-CD] for compounds (Fig. 2). The values of For all the
complexes were calculated by using the followirigtien

K+ = Intercept/Slope

The Ky values of the inclusion complexes of compounds R4tCyclodextrin were found to be 150, 375, 174,414
and 236 M respectively (Table 3). The data obtained wereniwitl00 to 1000 M(ideal values) indicating
appreciable stabilities for the inclusion complexbsough host-guest interaction like van der Wdal'ce,
hydrophobic interaction etc [25-28].

Table-1: Physical properties of the compoundswith and without inclusion complex

Compound/ Melting Elemental Analysis (%)
S. No. o n? lex Colour Point (Theoretical)
p (°C) (Experimental)
Cc H N )
1 Compound- K Bright white 221 67.1 46 23.1 5.2
(67.2 (4.7) (23.00 (5.1)
2 Compound- K Witi3-CD  Dull White 273
3 Compound- L Pale yellow 206 (ggg (g'g, (igg (j'%
4 Compound- L Wit3-CD  Pale White 281 ‘ ‘ ‘
582 41 240 137
5 Compound- M yellow 220 (583 (40, (239 (138
=~ ) -~ )
6 Compound- M Witt3-CD  Pale yellow 288
7 Compound- N Bright yellow 215 (gg'i) (j.(l)) (38'% (j';)
8 Compound- N Witf3-CD ~ White 270
. 60.1 41 20.6 4.7
9 Compound- O Light brown 218 (601) (40) (207) (4.8)
10 Compound- O WitlB-CD  Pale White 279

Compound-K: 1-Nicatinoyl-4-phenyl-3-methyl-3a,4-dihydropyrazol o[ 3,4-c] pyrazole
Compound-L: 1-Nicotinoyl-4-(4-bromobenzylidene)-3-methyl - 3a,4-di hydr opyr azol o] 3,4-c] pyrazole
Compound-M: 1-Nicotinoyl-4-(3-nitrobenzylidene)-3-methyl -3a,4-di hydr opyrazol o 3,4-c] pyrazole

Compound-N: 1-Nicotinoyl-4-(2-Chlor obenzylidene)-3-methyl-3a,4-dihydropyrazol o] 3,4-c] pyrazole
Compound-O: 1-Nicotinoyl-4-(4-chlor obenzyli dene)-3-methyl-3a,4-dihydr opyrazol o] 3,4-c] pyrazole
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Table-2: Spectral data of the compoundswith and without inclusion complex

v IR
S. Compound/ 1
No. Complex (KByl) HNMR
(nm) cm
- - 5 8.78(s, 1H, NH), 7.04-7.86(m, OH, Ar-H), 4.88-4@9,
1 Compound- K 262 3392(N-H ~sw), - SOI9(C-H  str, o™ o oHy  2.4(s, 3H, CHL 1.612(s), 1.427(s),

Ar),1650(C=0 str), 1541(C=N str)

0.880(t)
ijgéch::T\l stf)tf)' 1651(C=0  stn). 5 7 564(s, 1H, NH), 2.3(d), 2.329(s), 1.576(s), OBF
3385(N-H str), 3020(C-H str, Ar),
3 Compound- L 261 1650(C=0 str), 1534(C=N str),
762(C-Br str)
3396(N-H str), 3021(C-H str,
4 Compound- L WitH3-CD 263  AR),1648(C=0 str), 1534(C=N str),

2 Compound- K With3-CD 264

$ 8.601(s, 1H, NH), 7.729-7.263(m, 8H, Ar-H), 2.382(
3H, CH), 1.612(s), 1.427(s), 0.880(t)

$ 7.263(s, 1H, NH), 7.729-7.263(m, 8H, Ar-H), 2.385(
3H, CH), 2.329(s), 1.571-0.832(s), 0.880(t)

761(C-Br str
_ 3411(N-H str), 3021(C-H str, Ar), 5 8.85(s, 1H, NH), 7.09-7.87(m, 8H, Ar-H), 4.80-4@d,
5  Compound-M 261 1646(C=0 str), 1530(C=N str) 2H, CH-CH), 2.05(s, 3H, Cij
. 3434(N-H str), 3019(C-H str, Ar), 5 7.264(s, 1H, NH), 7.09-7.87(m, 8H, Ar-H), 4.181-
6 Compound-MWiti}-CD 262 34540 str), 1529(C=N str) 4.159(dd, 2H, CH-CH), 1.574(s, 3H, QH

3435(N-H str), 3019(C-H str, Ar),
7 Compound- N 261 1643(C=0 str), 1565(C=N str),
771(C-Cl str)
3401(N-H str), 3019(C-H str, Ar),
8 Compound- N Witt3-CD 262  1650(C=0 str), 1525(C=N str),
758(C-Cl str)
3408(N-H str), 3020(C-H str, AR),
9 Compound- O 261 1656(C=0 str), 1565(C=N str),
758(C-Cl str)
3400(N-H str), 3019(C-H str, Ar),
10 Compound- O Witl-CD 262  1650(C=0 str), 1525(C=N str),
757(C-Clstr)

$ 9.1(s, 1H, NH), 6.90-8.20(m, 8H, Ar-H), 4.84-4.88(
2H, CH-CH), 2.16(s, 3H, C#)

$ 9.1(s, 1H, NH), 6.90-8.20(m, 8H, Ar-H), 4.84-4.88(
2H, CH-CH), 2.16(s, 3H, Ci)

3 8.71(s, 1H, NH), 6.94-7.92(m, 8H, Ar-H), 4.84-4@3,
2H, CH-CH), 2.16(s, 3H, CHi

3 7.26(s, 1H, NH), 6.94-7.92(m, 8H, Ar-H), 4.84-4@3,
2H, CH-CH), 1.57(s, 3H, CHi

Table 3: Thermodynamic stability constant of inclusion complexes(K) at 298 K

Compound/complex I\il< 1
Compound- K Witl3-CD | 150
Compound- L Witl3-CD | 375
Compound- M Witt§-CD | 174
Compound- N Witt-CD | 414
Compound- O Witl3-CD | 236

mbwwpgm

The of anthelminticactivities of the compounds and their inclusion pteres are studied using earth worms
(Peritima posthuma )and the efficiency of the compounds in causing lgsimand death of earth worms are shown
in Fig.3 and 4 respectively. It is seen that bthcompounds and their inclusion complexes arakldemf causing
the paralysis and death of earth worms. Howeverirttlusion complexes are more efficient in caushgparalysis
and death of earth worms as compared to their gporeling compounds. This may be attributed to erdgthn
solubility of the compounds after their inclusioangplex formation which becomes more available tec#jt
tissues leading to increased anthelmintic activity
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Fig. 3: Paralysisstudy of earthworms
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Fig. 4: Death study of earthworms

CONCLUSION

From the above results and discussion, it was thedrthe formation of inclusion complexes of compds (K, L,
M, N and O) was thermodynamically allowed which da@ a very good analytical tool for enhancing
bioaccessibility of the drugs. The stufurther reveals that the formation of inclusion quex causes a significa
increase in anthelmintic activity .
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