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Synthesisfor the 4, 4-(arylmethylene)bis(1H-pyrazol-5-ols) in aqueous
medium under microwaveirradiation in presenceof ionic surfactant
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ABSTRACT

A simple, efficient and environment friendly route has been devel oped for
the synthesis of 4, 4-(arylmethylene)bis(1H-pyrazol-5-ols) by the
condensation of pyrazole and aryl aldehyde in presence of ionic surfactant
© 2014 Trade Sciencelnc. - INDIA

under microwaveirradiation.

INTRODUCTION

Theredlization of simple and green synthetic pro-
cedure congtitutesan important god in organic synthe-
Ss. Water as reaction medium compliestheentire cur-
rent stringent requi rement on sustainable chemistry.
Therefore, the devel opment of synthetically useful re-
actioninwater isof considerableinterest!). However,
water israrely used or even considered asasolvent for
organic reactions. One of themagjor issuesisundoubt-
edly thelimited solubility of most organiccompoundsin
purewater. Since solubility isimportant factor for good
reectivity and selectivity, soimproving the sol ubility of
organic substratesin water that may will expand the
scope of water-based organic synthesis. Incorporation
of surfaceactive agents (surfactants) in aqueous media
has been proved to enhancethesolubility aswell asthe
reactivity of water mediated reactions.

Pyrazoles are an important class of heterocyclic
compoundswith prominent properties. They areanim-
portant classof bio-activedrug targetsin the pharma-
ceutical industry?, they are also the core structure of
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numeroushiologicaly activecompounds?®. For example,
they exhibit antipyreticd, gastric secretion stimulatory™,
antibacterid!®, antifilarid(”, antidepressant®, and anti-
inflammatory properties®. Moreover, the correspond-
ing 4, 4-(arylmethylene)big(1H-pyrazol-5-0ls) areused
asfungicides'?, pesticides™, insecticides?, and dye-
stuffg™d and asthe chelating and extracting reagentsfor
different meta iong™.

Intherecent years, severd new methods havebeen
developed including the use of various catalyst viz,
CANM™, Silicasulfuricacid?®, ionicliquid®’, SDS*,
pyridinetrifluoroacetate’®, PEG-40012%, piperidine-
ethanol®, detrolysig?, silicabonded sulfamic acid®.
All these methods, exhibit some advantages but also
suffer from certain drawbacks such as unsatisfactory
yield, prolonged reactiontime, elevated temperature,
tedious work-up, and the use of anhydrous organic
solventsand rel atively expensive reagents. So, thede-
velopment of simple, convenient and environmental
friendly procedurearestill demanding for the prepara-
tion of 4, 4-(arylmethylene)bis(1H-pyrazol-5-als).

Application of microwavein surfactant-water me-
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dium has been reported for thefirst timefor organic
synthesisby our groupin recent times?4. Tothe best of
our knowledge, reportsre ated to the synthesisof 4, 4
-(arylmethylene)big(1H-pyrazol-5-ols) in surfactant me-
dium promoted by microwaveirradiation hasnot been
published till date. We herein report agreen, one-pot,
efficient synthesis of 4, 4-(arylmethylene)bis(1H-
pyrazol-5-0ls) under microwaveirradiationin surfac-
tant medium.

RESULTSAND DISCUSSION

In continuation of our research work inthe devel -
opment of highly expedient methodol ogiesfor thesyn-
thesis of biologicaly important heterocyclic com-
pounds?®, we have selected 2 equiv of 5-methyl-2-
phenyl-2,4-dihydro-3Hpyrazol-3-one and 1 equiv of
benzal dehydein surfactant medium under microwave
irradiation asamodd reaction. Initidly thereactionwas
carried out at 50 W and 25°C for 4 minit furnished a
solid product (3a) inlow yield (34 %). Compound 3a
wasidentified by the spectral methods. The presence
of asinglet at & 4.87and broad singlet at 6 13.38 in *H-
NMR and picks at 1600 cm? and 3450 cm?tin IR
spectrum clearly indicatetheformation of 3a. Inan at-
tempt to improvetheyield, wefurther optimized the
reaction condition by dtering watt, temperatureand time.
Significantimprovement wasachieved by using 160 W,
60 °C and 4 min. In order to optimizethereaction con-
dition we have screened anumber of different surfac-
tant onthe model reaction. However, when the same
reaction was conducted under above mentioned con-
dition using CPC (cetyl pyridinium chloride) or SDS(so-
dium dodecyl sulphate) as asurfactant it gave com-
paratively lower yield of product (TABLE 1, entry 2
and 3), best yield (94 %) was achieved by usngAOT
(sodium bis-2-ethyl hexyl sulphosuccinate) as surfac-
tant under microwave-irradiation (TABLE 1, entry 4).
Amongthethree, AOT gavethe better results, because
of itsmore hydrocarbon content in the coreregion.

After optimizing thereaction condition, the gener-
dity of themethod was examined by the severa substi-
tuted aryl ddehydes, itisevident from TABLE 2 that
thereaction cantolerate awiderangeof aryl ddehydes
contai ning electron donating to el ectron withdrawing
groups. All the products were anaytically pure and
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structureswere determined by comparing the physica
(mp)*522 and the spectral data.
TABLE 1: Optimization of the reaction condition under

microwave-irradiation and conventional methodsin presence
of different surfactants®.

Microwave Conventional
Entr Surfactant Time Yields Surfactant Time Yields
Y water  (min) (%)° water  (h) (%)"
1 H,O 8 55 H,O 8 76
2 SDS 4 80 sDS 1 86'®
76
3 CPC 4 83 CPC 13
[present work]
4 AOT 4 @  AOT 13 80
[present work]

a5-methyl-2-phenyl-2,4-dihydr o-3H pyr azol-3-one (2 mmoal) ,
benzaldehyde (1 mmal), 60 °C and 160 watt.; °Isolated yields

/\/\/\/\/\/\(PI °®
HaC S-0 Na

SDS

AOT

Reagent and condition: AOT-water, MWI, 160 W, 60°C, 4-6 min
SCHEME1

The plausiblereaction mechanismisdepictedin
Scheme 2, Initialy, 5-methyl-2-phenyl-2,4-dihydro-
3Hpyrazol-3-one (2) undergo Knoevenagel conden-
sationwith aryl adehyde (1), affordsintermediate (4).
Intermediate (4) actsasaMichad acceptor and it re-
act with another molecul e of 5-methyl-2-phenyl-2,4-
dihydro-3Hpyrazol-3-one 2, under Michael fashion
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TABLE 2: Thereaction of with 5-methyl-2-phenyl-2,4-dihydr o-3H pyr azol-3-onewith aryl aldehydesunder microwaveirra-
diationin presenceof AOT-water

Entry Aryl aldehyde Product Time (min) Yield (%)° M.p (°C)

CHO

1 4 94 171-173
CHO

Cl

2 5 o1 233-234'°
CHO

3 4 90 228-229
F
CHO

4 4 95 226-228'°
NO,
CHO

5 5 92 241-143
Br
CHO

6 6 90 214-216%
Cl
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Entry Aryl aldehyde Product Time (min) Yield (%)° M.p (°C)
CH3
CHO
7 HaC | | CHs 6 88 200-201%°
N. l l .N
N N
CHs ij’“ OE)
Cl
CHO
8 @\ R 4 89 150-152'
N. N NE N
Cl OH OH
NO,
CHO HsC CHs
9 C( NO: T 3 01 210-211
N v
OH OH
OCHg4
CHO
10 HiC | | CH, 6 90 243-244
N\N l l N,N
OCH3 H

siis

furnished anew intermediate (5). Final product 3isob-
tained after tatomerisation of (5).

Furthermore, knowing that surfactant isnon-bio-
degradable, inorder to minimizethewaste of thereac-
tion, we have studied thereusability of AOT inthe op-
timized reaction condition. After compl etion of there-
action asmonitored by TLC, the organic compound
was extracted with ethyl acetate and AOT-containing
water wasreused for another five runsand no signifi-

cant dropsin product yield was observed.
EXPERIMENTAL

General

All the experiments were carried out in
MATTHEWS, NC- MADEIN USA. MODEL-DIS-
COVER-S. MODEL NO-NP-1009, Microwaves
Digester in sealed vessel. Melting pointswere deter-
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Scheme 2 : Plausabler eaction mechanism
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minedinopen capillariesand areuncorrected. IR spectra
wererecorded on Spectrum BX FT-IR, Perkin EImer
(v, incm™) onKBr disks."H NMRNMR (400 MHz)
spectrawererecorded on Bruker Avance11-400 spec-
trometer. Mass spectrawere recorded on Waters ZQ-
2695. CHN were recorded on CHN-OS analyzer
(Perkin EImer 2400, Seriesll). Silicagel G (E-mark,
India) wasused for TLC. Hexanereferstothefraction
boiling between 60 and 80 °C.

General procedure for the synthesis of 4, 4-
(arylmethylene)bis(1H-pyrazol-5-ols) derivatives
(3a])

A mixtureof 5-methyl-2-phenyl-2,4-dihydro-3H-
pyrazol-3-one (2 mmol) and aryl adehydes (1 mmol)
was added to an aqueous solution of AOT (15 mmol,
5ml) and irradiated at 60 °C and 160 watt for thetime

% of Yields
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mentioninthetable2. After completion, (TLC) there-
action mixture was cooled to room temperature, ex-
tracted with ethyl acetate (3 x 10 ml) and washed with
water (3 x 10 ml) followed by brine solution and dried
over anhydrous sodium sulphate. The solvent wasre-
moved under vacuum and the crude product was puri-
fied by column chromatography.

SPECTRAL DATA

2.2a4,4-(Phenylmethylene)bis(3-methyl-1-phe-
nyl-1H-pyrazol-5-ol)

IR (KBr): 3450, 2925, 1600 cm™. *H NMR
(CDCl + DMSO-d,, 400 MHz): 6 =2.26 (s, H), 4.84
(s, 1H), 7.09-7.39 (m, 11H), 7.66 (d, J= 8.0 Hz, 4H),
13.38 (brs, 2H). ESI-MS m/z 437 [M + H]*. Ana
cacd for C,H,N,O,: C, 74.29; H, 5.54; N, 12.84.
Found: C, 74.18; H, 5.42; N, 12.67.
22b  4,4-[(2-Chlorophenyl)methylene]bis(3-
methyl-1-phenyl-1H-pyrazol-5-ol)

IR (KBr): 3489, 2925, 1593 cm™. 'H NMR
(CDCl,+ DMSO-d,, 400 MH2): = 2.30 (s, 6H),
5.16 (s, 1H), 7.03-7.17 (m, 7H), 7.66 (d, = 8.0 Hz,
5H), 7.89 (d, J = 7.6 Hz, 2H), 13.56 (brs, 2H). ESI-
MS mVz 471, 473 [M + H]*. Anal calcd for C,H,,
CIN,O,: C, 68.86; H, 4.92; N, 11.90. Found: C, 69.09;
H, 4.82; N, 11.72.

2.2c4,4-[(4-Fluorolphenyl)methylene]bis(3-me-
thyl-1-phenyl-1H-pyrazol-5-0l )

IR (KBr): 3476, 2919, 1600 cm™. *H NMR
(CDCl + DMSO-d,, 400 MH2z): 5 = 2.29 (s, 6H),
4.82 (s, 1H), 6.87 (t, J= 8.6 Hz, 2H), 7.11-7.40 (m,
12H), 13.45 (brs, 2H). ESI-MS m/z 455[M + H]*.
And calcd for C,H,,FN,0,: C, 71.35; H, 5.10; N,
12.33. Found: C, 71.14; H, 5.27; N, 12.39.

2.2d 4,4-[(4-Nitr ophenyl)methylene]bis(3-methyl-
1-phenyl-1H-pyrazol-5-ol)

IR (KBr): 3416, 2925, 1600 cm™. 'H NMR
(CDCl,+ DMSO-d,, 400 MH2): 3 = 2.29 (s, 6H),
4.88 (s, 1H), 7.12-7.12 (m, 2H), 7.31 (t, J = 7.8 Hz,
4H), 7.42 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 7.6 Hz,
4H), 8.05 (d, J = 8.4 Hz, 2H), 13.26 (brs, 2H). ESI-
MSm/z482[M +H]*.Anal calcdfor C_H, N.O,: C,

27" 23 547
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67.35; H, 4.81; N, 14.54. Found: C, 67.07; H, 4.76;
N, 14.14.

2.2e 4,4-[(4-Bromophenyl)methylene]bis(3-me-
thyl-1-phenyl-1H-pyrazol-5-ol )

IR (KBr): 3390, 2925, 1600 cm™. 'H NMR
(CDCl+ DMSO-d,, 400 MHz): & = 2.30 (s, 6H),
4.92 (s, 1H), 7.17-7.25 (m, 4H), 7.40-7.46 (m, 6H),
7.69(d, J=8.0Hz, 4H), 13.89 (brs, 2H). ESI-MSn¥/
z515,517[M +H]*.Anal cdcd for C,H,,BrN,O,.
C, 62.92; H, 4.50; N, 10.87. Found: C, 63.10; H,
4.38; N, 11.03.

2.2f 4,4-[(4-Chlor ophenyl)methylene]bis(3-me-
thyl-1-phenyl-1H-pyrazol-5-ol)

IR (KBr): 3400, 2932, 1593 cm™. *H NMR
(CDCl+ DMSO-d,, 400 MHz): & = 2.27 (s, 6H),
4.80 (s, 1H), 7.10-7.18 (m, 6H), 7.28-7.32 (m, 4H),
7.66(d, J=7.6Hz, 2H), 13.35 (brs, 2H). ESI-MS ¥/
2471, 473[M + H]*. Anal calcd for C,H,,CIN,O,:
C, 68.86; H, 4.92; N, 11.90. Found: C, 68.94; H,
4.95; N, 11.92.

2.29 4,4-[(4-M ethylphenyl)methylene]bis(3-me-
thyl-1-phenyl-1H-pyrazol-5-0l) (3g)

IR (KBr): 3396, 2932, 1593 cm™. *H NMR
(CDCl,, 400 MHz): 8 = 1.95 (s, 6H), 2.17 (s, 3H),
4.61 (s, 1H), 6.93-7.00 (m, 6H), 7.12-7.18 (m, 4H),
7.45(d,J=7.6Hz, 2H).ESI-MSm/z451[M + H]*.
Ana calcd for C,H,N,O,: C, 74.65; H, 5.82; N,
12.44. Found: C, 74.60; H, 5.93; N, 12.32.

2.2h 4.4-[(3-Chlor ophenyl)methylene]bis(3-me-
thyl-1-phenyl-1H-pyrazol-5-ol)

IR (KBr): 3394, 2935, 1600 cm™. 'H NMR
(CDCl,, 300 MHz): & = 2.04 (s, 6H), 4.68 (s, 1H),
7.06-7.8.02 (m, 16H). ESI-MS n/z 471, 473 [M +
H]*.Anal calcdfor C,H,,CIN,O,: C, 68.86; H, 4.92;
N, 11.90. Found: C, 68.75; H, 4.78; N, 11.93.

2.21 4,4-[(2-nitrophenyl)methylene] bis(3-methyl-
1-phenyl-1H-pyrazol-5-0l)

IR (KBr): 3390, 2935, 1595 cm™. *H NMR
(CDCl,, 300 MHz): 8 = 2.09 (s, 6H), 4.68 (s, 1H),
7.11-7.92 (m, 16H). ESI-MSnV/z482[M + H]*. Ana
caed for C,H,,N.O,: C, 67.35; H, 4.81; N, 14.54
Found: C, 67.22; H, 4.90; N, 14.29.
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2.2) 4,4-[(4-methoxyphenyl)methylene]bis(3-me-
thyl-1-phenyl-1H-pyrazol-5-ol)

IR (KBr): 3395, 2934, 1606 cm™. 'H NMR
(CDCl,, 300 MHz): 6 = 2.19 (s, 6H), 3.73 (s, 3H)
4.76 (s, 1H), 6.71-8.59 (m, 16H). ESI-MS nVz 467
[M +H]*.Anad calcd for C,,H, N,O,: C, 72.09; H,
5.62; N, 12.01 Found: C, 72.07; H, 5.89; N, 12.13.

CONCLUSION

Insummary, we have devel oped amicrowave pro-
moted straightforward synthesis of 4, 4/-
(arylmethylene)bis(1H-pyrazol-5-als) insurfactant me-
dium (AOT-water). Themethodology ishighyielding,
rapid and relatively inexpensive, and environmental
friendly.

ACKNOWLEDGEMENTS

We thanksthe department of Chemistry and So-
phisticated Andytica Instrumenta Fecilities(SAIF) of
North-Eastern Hill University for providing necessary
facilitiesand UGC, New De hi for supporting thework
under thespecid Assstance programmed (SAP) NEHU
and CDRI (Lukhnow) for analytical support. We ac-
knowledgethefinancia support from DST (sanctioned
no: SERC/F/0293/2012-13).

EFERENCES

[1] R.N.Butler, A.G.Coyne; Chem.Rev., 110, 6320
(2010).

M.E.Donal, K.Jones, PA.Brough, M.J.Drysdale,
P.Waorkman; Curr.Top.Med.Chem., 6, 1193
(2006).

J.Elhuero, P.Goya, N.Jagerovic, A.M.S.Silva;
Target.Heterocycles.Syst., 6, 52 (2002).
S.Sugiura, O.Ohtani, K.lzumi, T.Kitamikado,
H.Asai, K.Kato; J.Med.Chem., 20, 80 (1997).
L.C.Béhr, R.Fusco, C.H.Jarboe; The Chemistry of
Heterocyclic Compounds, Pyrazole, Pyrazolines,
Pyrazolodines, Indazoles, Condensed Rings,
A .Weissberger, (Ed); New York, (1976).
D.M.Bailey, PE.Hansen, A.GHlavac, E.R.Baizman,
J.Pearl, A.F.Defelice, M.E.Feigenson;
J.Med.Chem., 28, 256 (1985).

R.N.Mahajan, F.H.Havaldar, P.S.Fernandes;

[2]

(3]

[4]

[5]

[6]

[7]

Au Tudian Yournal



OCAIJ, 10(4) 2014

Amarta Kumar Pal et al. 151

J.Indian.Chem.Soc., 68, 245 (1991).

[8] C.E.Rosiere, M.l.Grossman; Science, 113, 651
(1951).

[9] PCdi, L.Naerum, S.Mukhijia, A.Hjelmencrantz;
Bioorg.Med.Chem.Soc., 14, 5997 (2004).

[10] P.M.S.Chauhan, S.Singh, R.K.Chatterjee;
Indian.J.Chem.Sec:B., 32, 858 (1993).

[11] D.Singh, D.Singh; J.Indian.Chem.Soc., 68, 165
(1991).

[12] M.Londershusen;Pestic.Sci., 48, 269 (1996).

[13] W.S.Hamama; Synth.Commun., 31, 1335 (2001).

[14] A.B.Uzoukwu;Polyhedron., 12, 2719 (1993).

[15] S.Kuppusamy, S.Gnanamani, P.S.Nagarajan,
M.Seeralan, T.P.Paramasivan, R.Melani;Bio
Med.Chem.Lett., 19, 4501 (2009).

[16] N.Khodabaksh, S.Dariush, S.Mohsen, D.Abdollah;
TetrahedronL ett., 51, 4501 (2009).

[17] K.Ardeshir, A.Z.Mohammad, R.M.Z.Ahmad,
A.Zhila, SMohsen, Z.Abdolkarim, H.Alieza;RSC
Advances., 2, 8010 (2012).

—= Py/] Paper

[18] W.Wei, W.Shu-Xiang, Q.Xin-Ying, L.Ji-Tai;
Synth.Commun., 35, 1263 (2005).

[19] S.Ebrahim, G. Somayeh, T.Mojtaba, S.Afshin;
C.R.Chimie., 15, 955 (2012).

[20] H.Alireza, Z.Abdolkarim, S.Mohsen, GNoonshin;
Org.Prep and Procedure., 43, 131 (2011).

[21] A.S.Mitra, M.K.Rout; J.Indian.Chem.Soc., 38, 893
(1961).

[22] M.N.Elison, G.Shanti, R.F.Nasybullin,
GlI.Nikishin;Synthesis., 12, 1933 (2008).

[23] T.Shekoofeh, N.Khodabaksh; Iranian.J.Catal., 2, 69
(2010).

[24] M.Saha, J.Dey, K.Ismail,A.K.Pal;Lett.Org.Chem.,
8, 554 (2011).

[25] M.Saha,A .K.Pal;Tetrahedron.Lett., 52, 4872
(2011).

e, Onganic CHEMISTRY
Au Tudian Yournal



