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ABSTRACT

KEYWORDS

A convenient and green synthesis of Z-4-((1,3-diphenyl-1H-pyrazol-4- 1

yl)methylene)- 1-phenyl pyrazolin-5(4H)-one 6(a-h), promoted by L -proline
is being reported. Two methods (A & B) have been established for the
preparation of compounds 6(a-h). In method A, 1, 3-diphenyl-1H- pyrazole-
4-carbaldehyde 4(a-h) weretreated with reactive pyrazolones5inthe pres-
ence of L-proline and ethanol at room temperature under stirringfor 15min
to afford 6(a-h). In method B, the 1,3-diphenyl-1H-pyrazolin-5-(4H)-4-

3-di-phenyl-1H-pyrazolin-5-
(4H)-4-carbaldehyde;
Pyrazolones, Knoevenagel
condensation;
L-proline, Ethanol, physical
grinding.

carbaldehyde 4(a-h), pyrazolones5 and L-proline were ground for 30 min.

toafford 6(a-h). © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Pyrazoleand itsderivatives occupy animportant
positioninmedicina and pesticidechemistry havinga
widerangeof bioactivities* . Pyrazolones, which are
close structural analogues of pyrazoles, are also
associ ated with broad spectrum of biologica activities®
12]

Thesynthesisof ol efinsby condensation of active
methylene compounds with aldehydes & ketonesis
known asthe Knoevenagel condensationl*®l, Recently,
variousresearchers havereported different protocols
for the synthesisof these pyrazol ederivatives. Someof
therecently developed proceduresfor the synthesi s of
4-pyrazolylmethylenepyrazol-5(4H)-ones via
Knoevenagd condensation of pyrazoloneand pyrazole
aldehydes are reported to employ methods like
triethylaminein ethanol under reflux™, ethanol under

microwaveirradiation™, sodium acetateand aceticacid
under reflux[®®, jonic liquids such as
ethylammoniumnitrate*”, borate Zirconiaascataystsin
water solution(*®!, sodium acetate/PEG-40019, silica
perchloric acid®” etc. However, some of the above
reported methods required higher temperatures,
expensiveionic liquids, or high-catalyst-loading in
reactions. Someare even disadvantaged asthey seem
to occur with not so highyields. Therefore, to overcome
these difficulties and also to find better ways of
synthesising these products, especidly thoseusing green
protocols, it was considered worthwhile to study the
condensation of pyrazolederivativeswith pyrazolones.

EXPERIMENTAL SECTION

All thereagentsand chemica ssuch asacetophenone
derivatives, hydrazine hydratesand f-ketoesters were
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obtained from commercia sources and used without
further purification. Mdting pointsweredetermined usng
open capillary tubein sulphuric acid bath, TLC were
runon Silicagel-G and visualization wasdoneusing
lodine or UV-light, IR spectrawere recorded using
Perkin-Elmer spectrum verson 10.03.02 instrument in
KBr Pellets."H NMR spectrawererecorded in CDCI,
/ DM SO using Varian 400-MHz instrument. Mass
spectrawererecorded onanAgilent LC-M Sinstrument
givingonly M*vauesin Q+1 mode.

Method A: General procedurefor synthesisof 6(a-
h)

A mixtureof 4 (10 m.mal), the pyrazolone5 (10
m.mol), L-proline (40 mol. %) and ethanol (10 ml) was
stirred at room temperature for aspecified period of
time(TABLE4). After completion (asshownby TLC
checking) of reaction, themixturewaspoured intoice
cold water (20ml). The separated solid wasfiltered,
washed with water (2x15 ml) and dried to obtain a
crude product 6. Thelater wasrecrystallized froma
suitable solvent to afford pure 6.

Method B: under physical grindingmethod

A mixtureof gppropriate4(a-h) (10m.mal), active
methylenegroup containing pyrazolone 5 (10 m.mal),
L-Praline(40moal. %) wasthoroughly ground with pestle
in an open mortar at room temperature for 20-30
minuteswhilethereactionwasmonitored by TLC. The
mixture wasthen treated with cold water (10ml). The
separated solid wasfiltered, washed withwater (2x15
ml) and dried to get acrude product 6(a-h). Thenthe
crudewasrecrystalized fromasuitablesolvent to afford
pure6(a-h).

Spectral datafor synthesized compounds6(a-h)

3-methyl-1-phenyl-4-(1-phenyl-3-p-tolyl-1H-
pyrazol-4-yl)methylene)-1H-pyrazol-5(4H)-
one(6a): IR (KBr,cm?)

3125.7, 2982, 1675 cm*; 1H NMR (400 MHz,
DMSO-d6/ TMS): 6= 2.42(s,3H, -CH3), 6= 7.38-
7.99 (m,15H aromatic protonsand 1H olefinic proton),
&= 10.88 (s,1H pyrazolering proton); *CNMR (100
MHz, DMSO-d-TMS): 6: 169.8, 156.6, 141.8,
141.1, 140.5, 135.8, 133.6, 132.9, 132.3,
130.8,126.8,126.3, 125.5, 125.1, 124.6, 124.2,
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123.3, 120.6, 118.2, 20.2. LC-MS: m/z 405 Q+1
mode.
(2)-3-methyl-4-((3-(3-nitrophenyl)-1-phenyl-1H-
pyrazol-4-yl) methylene)-1-phenyl-1H-pyrazol-
5(4H)-one (6b)

IR (KBr, cm?): 3539, 312, 3152, 1625, 1590,
778 cmt; 1H NMR (400 MHz, DMSO-d6/
TMS): 6 2.30 (s, 3H, —CH3), 6 7.18-7.96 (m,14H
aromatic protons and 1H olefinic proton), 6= 10.60
(s,1H pyrazole ring proton); *C NMR (100 MHz,
DMSO-d-TMS): &: 168.6, 156.2, 149.7, 146.2,
142.8,142.1, 140.8,140.3, 132.3, 130.8, 128.7,
128.1,126.3,125.5, 124.8,120.7, 120.4, 120.1, 20.8.
LC-MS: m/z450 (Q+1).

(Z2)-4-((3-(4-chlor ophenyl)-1-phenyl-1H-pyr azol-4-
yl) methylene)-3-methyl-1-phenyl-1H-pyrazol-
5(4H)-one (6¢)

IR (KBr, cm?): 3108, 3072, 2902, 1624,
1573,743 cm™; 1H NMR (400 MHz, DMSO-d6/
TMS): 6 2.39 (s, 3H, CH3), 6 7.20-8.48 (m,14H
aromatic protons and 1H olefinic proton), 6= 10.66
(s,1H pyrazole ring proton); *C NMR (100 MHz,
DMSO-d-TMS): 6: 163.2, 156.8, 151.3, 140.3,
137.5, 135.7, 134.5, 134.1, 133.8, 129.8, 129.5,
129.1, 128.6, 126.5, 124.8, 118.2, 115.2, 99.6, 20.5;
LC-MS: m/z439 (Q+1).
(Z2)-4-((3-(4-bromophenyl)-1-phenyl-1H-pyr azol-4-
yl) methylene)-3-methyl-1-phenyl-1H-pyrazol-
5(4H)-one (6d)

IR (KBr cm?): 3125.7, 2982, 1675 cm-1; 1H
NMR (400 MHz, DM SO-d6/ TMYS): 6=2.34(s,3H, -
CH3), 6=7.18-9.42 (m,14H aromatic protons and 1H
olefinic proton), 6= 10.20 (s, 1H pyrazole ring proton);
13C NMR (100 MHz, DM SO-d6-TMYS): 6: 163.6,
156.2, 153.3, 140.4, 138.1, 137.5, 134.62, 132.1,
129.9, 129.5, 128.7, 128.0, 125.6, 124.6, 120.6,
117.5,22.8. LC-MS: m/z 483 (Q+1).
(2)-3-methyl-4-((3-(4-nitrophenyl)-1-phenyl-1H-
pyrazol-4-yl) methylene)-1-phenyl-1H-pyrazol-
5(4H)-one (6e)

IR (KBr, cm?): 3539, 312, 3152, 1625, 1590,
778 cm®; 1H NMR (400 MHz, DMSO-d6/ TMS):
6=2.18(s,3H, -CH3), 6= 7.23-7.84 (m,14H aromatic
protons and 1H olefinic proton), 6= 10.42 (s,1H
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pyrazolering proton); 13C NMR (100 MHz, DM SO-
d6-TMYS): 6: 168.6,156.2, 149.7, 146.2, 142.8,142.1,
140.8,140.3, 132.3, 130.8, 128.7, 128.1,
126.3,125.5, 124.8, 120.7, 120.4, 120.1, 20.8. LC-
MS: m/z 450 (Q+1).
(2)-3-methyl-1-phenyl-4-((1-phenyl-3-(p-tolyl)-1H-
pyrazol-4-yl) methylene)-1H-pyrazol-5(4H)-one
(6f)

IR (KBr, cm®): 3063, 1790, 1685, 1654, 1460,
680, 2885 cmt; 1H NMR (400 MHz, DM SO-d6/
TMS): 8= 2.66(s,3H, -CH3), 8= 3.04(s,3H, -CH3),
&=17.58-8.60 (m,14H aromatic protons and 1H olefinic
proton), =9.96 (s,1H pyrazole ring proton); *CNMR
(100 MHz, DMSO-d-TMS): 6: 168.5,157.4, 142.6,
140.1, 132.9, 130.6, 128.7, 128.5, 126.6, 124.2,
120.8, 120.5, 120.1, 20.2. LC-MS: m/z 419 (Q+1).
(2)-4-((3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-
4-yl) methylene)-3-methyl-1-phenyl-1H-pyrazol-
5(4H)-one (6Q)

IR (KBr, cnl): 3325, 3158, 1620, 1574, 1435 cn
1 THNMR (400 MHz, DMSO-d6/ TMS): 6 2.64 (t,
3H, CH3), 0 3.76 (t, 3H, OCH3), 6= 7.38-7.99
(m,14H aromatic protonsand 1H ol efinic proton), 6=
9.96 (s,1H pyrazolering proton); *C NMR (100 MHz,
DMSO-d-TMS): &: 164.6, 160.8, 157.8, 156.4,

142.3, 142.1,141.5, 141.1, 140.6, 130.7, 130.2,
129.3, 128.9, 128.5, 126.6, 125.2, 124.4, 122.7,
120.3, 119.5, 118.8, 58.6, 20.4.LC-MS: m/z 435
(Q+1).
(Z2)-4-((3-(2,4-dichlorophenyl)-1-phenyl-1H-
pyrazol-4-yl)methylene)-3-methyl-1-phenyl-1H-
pyrazol-5(4H)-one(6h)

IR (KBr cm?): 3125.7, 2982, 1675 cm-1; 1H
NMR (400 MHz, DM SO-d6/ TMYS): 6=2.42(s,3H, -
CH3), 6= 7.88-8.26 (m,13H aromatic protons and 1H
olefinic proton), 6= 10.70 (s,1H pyrazole ring proton);
C NMR (100 MHz, DMSO-d-TMS): &: 163.5,
155.5, 154.2, 145.4, 143.1, 140.5, 138.2, 134.4,
130.9, 129.8, 129.2, 128.6, 127.6, 124.6, 122.6,
119.5,22.6. LC-MS. m/z 473 Q+1 mode.

RESULTSAND DISCUSSION

The starting materials, 1-phenyl-3-aryl-1H-
pyrazole-4-carbal dehyde 4(a-h) were prepared by
using Vilsmeier-Haack reaction of
acetophenonearylhydrazones 3(a-h)?Y whichinturn
were obtained from acetophenones 1(a-h), by
condensation with phenyl hydrazine 2 inthe presence
of methanol containing catalytic amount of acetic
acid.(Scheme-1)

Ar CHO
H,N. Ar-_C ) \§
Z7NH  Methanol Y pMm F-POCl, NN
Ar\[rCH3 . Ny
O AcOH (cat.) 70-80°
1 2 4
3
la=-CgHs 3a=-CgH5 4a=-C¢Hg

1b:'C6H5'N02 (m)
1C:'C6H5'C| (m)
1d='06H5-Br (m)
le=-CgH5-NO; (p)
1f= CgHs-CH3z (p)
1g= CgHs-Ome (p)
1h= 06H5'C| (0,p)

3b=-C6H 5'N02 (m)
30='C6H5-C| (m)
3d='C6H5'Br (m)
3e=-C¢H5-NO; (p)
3f= CgHs-CH3 (p)
3g= CgHs-Ome (p)
3h= C6H5'CI (O,p)

4b:'C6H 5'N02 (m)
4C:'C6H5'CI (m)
4d:'C6H5'Br (m)
4e=-CgH5-NO; (p)
4f= CgHs-CH3 (p)
4g= C¢Hs-Ome (p)
4h= CsH5‘C| (0,p)

Schemel: Synthesisof 1, 3-di-phenyl-1H-pyrazolin-5-(4H)-4-car baldehyde 4(a-h)

CHs
o R e oL
2N
NH + H3CMO/\CH3 e} NN

Scheme 2 : Synthesisof pyrazolone5.
@Wic CHEMISTRY c—

In another sequence of reactions, 3-substituted -
1H or 1- substituted-5(4H)-one 5 was prepared by
the condensation of B—ketoesters with hydrazines
(Scheme-2)

Treatment of 4a (i.e.4, Ar=Ph) with 5in ethanol

A Judian Jowrual
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Scheme 3: Condensation 4awith 5in thepresenceof various
catalystsin different solventsat room temperature

TABLE 1: Condensation of 4a (1mmol), with 5(1 mmal), in
the presence of variouscatalystsin different green and non
green solventsat room RT

Time Yields
Entry Catalyst Solvent

(min.)  *(%)
1 E::grlml Ethanol 30 70
2 Piperidine  Ethanol 50 72
3 Pyridine Ethanol 60 68
4 Na,CO4 Ethanol 60 Nil
5 K,CO; Ethanol 60 Nil
6 L-Proline  Ethanol 10 96
7 L-Proline  Water 180 Nil
8 L-Proline  Acetonitrile 25 78
9 L-Proline  Tetrahydrofuran 28 76
10 L-Proline  Chloroform 50 75
11 L-Proline  Benzene 180 65
12 L-Proline  Toluene 120 62

# refersto yields of isolated products only

containing L-proline as catalyst a room temperature
for just 10 min. resulted in the formation of thetitle
compound (Z)-4-((1,3-diphenyl-1H-pyrazol-4-
yl)methylene)-3-methyl-1-phenyl - 1H-pyrazol-5(4H)-
one(6a,i.e.6,Ar=Ph)inhighyie d (TABLE 1, entry 6).
Compound 6a has been described in literature+2,
However, it has al so been characterised in our work
based on spectral data. (Please seethe Experimental
Sectionfor details).

In order to optimize the reaction conditions,
(TABLE 1) (Scheme-3) condensation of 4a, with 5

= Pyl Paper

waschosen asamodd. For thispurpose, representative
reactionsinvolving treatment of 4a (Immol) with 5
(Immol) were carried out in the presence of various
catalysts in different solvents at room temperature
(Scheme 3). Detail s of these studiesare presented in
TABLE 1.

Asitisclear fromTABLE 1, the best resultswere
obtained in the presence of L-prolinein ethanol as
solvent. The use of various organic solvents had no
noticeable effect on the efficiency of the reaction.
Probably thelow yields obtained in organic non polar
solventsaredueto alow solubility of L-prolineinthese
olvents.

Finally, astudy was doneto determine the effect
optimal amount of L-proline. Varioustrial reactions
werepreformed with 10, 20, 30, 40, 50 mol% L-proline
and asowithout the catalyst. Among them, 40 mol % of
L-proline provided the best resultsfor the formation of
product at room temperature (TABLE 2). Notethat,
increasing theamount of catalyst did not resultinan
increased yield of product and or decreased reaction
time (entry 6 TABLE 2), also observed that, in the
absence of L-proline, no product was detected even
for alongtime (entry 1 TABLE 2).

To comparetheeffectivenessof L-prolinewith other
catalysts in the synthesis of 4-((1, 3-diphenyl-1H-
pyrazol-4-yl) methylene)-1-phenyl pyrazolin-5(4H)-
one, results of the reaction of 1,3-diphenyl-1H-
pyrazole-4-carbaldehyde, 3-methyl-1-phenyl-1H-

TABLE 2: Effect of catalyst amount on thesynthesisof 6a

Amount of Time Yield
Entry Solvent

catalyst (mol %)  (min)  *#(%)

1 Ethanol 0 180 NR

2 Ethanol 10 25 72

3 Ethanol 20 22 75

4 Ethanol 30 18 80

5 Ethanol 40 10 96

6 Ethanol 50 10 90

7 Solvent free 40 21 94

# refers to yields of isolated products only; * No reaction at
room temp.
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TABLE 3: Comparingtheresult of thereaction of 4a, with5  to thelow interactions of L-prolinewith the starting

using L-prolinewith theresultsreported catalysts. maerids.
N Time Yields There are two possible mechanisms for the
SNo.  Catalyst/ conditions min) (%) Ref.  formation of 6from4and5inthepresenceof L-proline
0 . .
ascatalyst asshownin Schemes4 and 5 respectively.
1 EtN/Ethanol/reflux 30 70% 14 In the first mechanism shown in Scheme-4, L-

proline abstracts the proton from pyrazolone (5),
forming the carbanion of pyrazolone (5'), which then
3 ACON&/ACOH/reflux 0 67% 16 attacksthe protonated pyrazole-4-carboxa dehyde (4),

forming the corresponding intermediate (4") which loses

2 Ethanol/MWI 25 85% 15

4  Ethyl ammonium 30 84% 17 water to form the end product 6.
nitrate/RT In the second mechanism shown in Scheme-5, L -
5  B,0sZrOyH,Olreflux 30 70% 18 proline protonatesthe pyrazole aldehydeto form 44,
which then forms the corresponding iminium
6  ACONAPEG-400/60°c 70 84% 19 intermediate4". 4' extractstheproton from 5, forming
S0, the carbanion 5'. The latter attacks 4", forming the
7 HCIOJ/MeOH/80°C 30 8% 20 intermediate4", which eventually losesL-prolinewith
displacement by water to form 4" and the | atter oses
8  Loproline/Ethanol/RT 10 9% o' watertoforme.

In substance, it can besaid that thetwo mechanisms

Present shownin Schemes4 and 5 differ from one another in

9 L-proline/ solvent free 20 94%
work

o ﬂCH 3 =

pyrazol-5(4H)-one havetabulated in TABLE 3. With %(:OO”HO %;‘ @COOWE;N .

respect to results, compared to theprevioudly reported ")® P&

methods, L-prolinewasformed to berel atively better o S oh G

intermsof reactiontimesandyields. Ny * (ecoom—— Ny + {\-cooH
Alternatively, the condensation of 4awith 5was 5{1 (xb) Plyy  HXa)

aso carried out under solvent-free conditions. Here4a,

5 and L-proline 40mol % were ground together for 30 Phk{H CHz |pp " HCH s Ph

min. inaporcelain mortar under solvent-freecondition 0 N TN ’N\ o

leading to acolored solid mass of the product 6a.in 90- (41) (ga) Ph (4“)

94%yield (TABLE 4) (Scheme-6). Probably, thelow  scheme4: Plausible mechanism for theformation 6a|n the
yieldsobtained in the solvent free conditionsweredue  presenceof L-proline

f\ﬁco%> (\FCOOH
CH3 Ph

Ph %{ [\ h
- coo P [
c:oomffL zﬁk( N’\+O N o\
Fb(«':l) N h

- P Ph
(4) (21) (4 (5) F()4 BN (5
(\FCOOH o J\/\
& CH; HOQ c 0QC” NH CH3
Ph \ Ph Ph @N
N+ o m O * N {\~cooH
Ph . - a
(44 (5'Y (4111) ( 4111) (X3)

Scheme5 : Plausible mechanism for theformation 6ain the presence of L-proline
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TABLE 4 Preparation of compound 6(a-h)?

Time (min) Yield ® (%)
Entry Ar Product m.p.(°C)
Method (A) Method(B) Method(A) Method(B)

1 -CgHs 6a 10 21 96 94 214-218 (Lit.m.p.212) *©
2 -CgHs-NO,(m) 6b 12 25 92 90 220-224
3 -CeHs-Cl (p) 6c 10 22 95 93 240-242 (Lit.m.p.238)19
4 -CgHs-Br (p) 6d 11 22 95 93 228-230 (Lit.m.p.228))
5 -CgHs-NO, (p) 6e 15 29 94 92 242-246 (Lit.m.p.242)®Y
6  -CgHs-CHs(p) 6f 15 23 9 94 236-238
7 -CgHs-Ome (p) 69 15 27 92 a1 162-164 (Lit. m.p.167-169) 9
8  -CgHs-Cly(0,p) 6h 12 24 93 92 208-210

aReaction conditions. pyrazole-4-carbaxaldehyde (1 m.Mal), pyrazolone (1 m.Mol), L-proline (40mol%) in Ethanol (5 mL)
stirring at room temperature / physical grinding under solvent free conditions; ® Isolated yields

3C
CHO Ar

>_\g + ﬂ L-Proline/ Ethanqs{{ \

@ @ RT 10-15 Min. ©

4(a-h) 5 6(a-h)

@

‘ L-Proline/ solvent free
physical grinding 20-30 min.
Scheme 6 : Synthesisof compound 6 (a-h) catalysed by L -
Proline

that Scheme4 involvesasimpleproton-transfer process
catalyzed by the L-proline

CONCLUSION

Thisprocedureoffersseverd advantagesincluding
increasing variation of product yields, mild reaction
conditions, and operationd smplicity, inexpensiveand
readily available catalyst all of which makeit auseful
and attractive strategy for the Knoevenagel
condensation.
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