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Abstract: We herein present the synthesis of 1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-(2-hydroxy-
substituted phenyl) propane-1,3-dione using microwave irradiation. Reactions were carried out by
employing a solvent-free path using K,COj as green solid support. The results were compared with
those of the conventional method. This microwave-assisted synthesis avoids hazardous solvents and
reduces the number of steps and time, providing increased yields. The synthesized products were
characterized by IR, '"H NMR, and mass spectrometry.
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1. INTRODUCTION

In the last two decades, many green protocols for organic
synthesis have been reported. Reactions carried out under
microwave heating are more reproducible as compared to
conventional heating because of uniform heating and control
of process parameters [1]. The applications of microwave-
irradiated synthesis have been reported to rapidly grow in
recent years [2]. Microwaves can accelerate the rate of reac-
tions, thus resulting in time and energy savings. These reac-
tions also allow the use of a safer solvent or solvent-free
processes, involve lesser steps, and provide higher selectivity
and yields [3]. Microwave-assisted synthesis has been suc-
cessfully investigated in organic reactions, such as heterocy-
clic chemistry, metal-catalyzed synthesis, and preparation of
aromatic compounds [4, 5]. Many researchers have success-
fully found applications of microwave heating in chemical
reactions, such as N-alkylation [6], R-alkylation [7], oxida-
tion [8], reduction [9], and many more reactions [10]. Nowa-
days, it is advantageous to use microwave-assisted and sol-
vent-free synthesis in the field of organic chemistry, mainly
for the synthesis of heterocyclic compounds [11-13]. Monika
Gupta and Basant Purnima Wakhloo reported an environ-
ment-friendly procedure for the Knoevenagel condensation
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reaction between an aromatic aldehyde or ketone and malo-
nic acid using tetrabutylammonium bromide and K,CO; un-
der microwave heating in solvent water [14].

Many researchers have studied the use of K,COj; as green
solid support in organic synthesis. Kidwai et al. [15] devel-
oped a novel strategy for Markovnikov addition between
azoles and vinyl acetate using mild base catalyst K,CO; and
recyclable solvent PEG. Sripathi and Logeeswari [16] re-
ported a fast and efficient green method for the synthesis of
3-aryl coumarin derivatives in the presence of THF and
K,COj; using ultrasound irradiation.

Most of the heterocyclic compounds containing nitrogen,
oxygen or sulphur in their structure have been reported to
play an important role in pharmaceutical science [17-20]. A
number of researchers have tried to find some connection
between chemical structure and physiological or biological
properties. The biological activity of the compounds mainly
depends on three factors, such as heterocyclic moiety present
in the compound, the nature of the substituent, and the posi-
tion of the substituents. The compounds containing pyrazole
moiety and fluorinated compounds have shown good biolog-
ical applications [21, 22]. Pyrazole moiety present in the
compounds involves a wide range of applications, such as
exerting anti-microbial, anti-pyretic, bactericidal, anti-
inflammatory, and hepatoprotective activities [23-26]. 1,3-
diketones are an important class of compounds; it is mainly
due to their high reactivity that they are used as intermedi-
ates for the synthesis of various types of compounds, such as
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isoxazoles [27], flavanones [28], diazepines [29], fluorescent
difluoroboron B-diketonates [30], and other heterocyclic
compounds [31]. The chromones and flavones [32-34], as
well as pyrazoles [35-38], have been synthesized using 1, 3-
diketone as an intermediate. The phenyl and pyridyl bis-
pyrazole heterocycles were synthesized with bis-beta
diketone used as the precursor [39].

I. Taydakov and Krasnoselsky [40] reported the conven-
tional method for the synthesis of isomeric N-substituted
(1H-pyrazolyl) propanel,3-diones using NaH as the base.
1,3-diketones were also used for the preparation of pyrimi-
dine derivatives [41, 42]. Kel’in and Maioli [43] reported the
synthetic application of 1, 3-diketones for the construction of
carbocycles, and their modern application in enantioselec-
tive, combinatorial, solid phase and multistep organic syn-
thesis. Gill ef al. [44] prepared B-diketones and subjected
them to acid-catalyzed cyclization to yield 2-[2-(1,3-
diphenyl-1H-pyrazolo-4-yl)]vinylchromen-4-ones. S. B.
Kale et al. [45] reported the synthesis of 3-(1,3-diphenyl-1H-
pyrazol-4-carbonyl)-2-[2-(4-fluoro-phenyl)-vinyl]- chro-
mone-4-ones using 1,3-diketone as a starting material under
conventional heating. In this paper, we have reported the
synthesis of 1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-(2-hydroxy-
substituted phenyl) propane-1,3-dione using K,COj; as green
solid support under microwave irradiation (Scheme 1).

2. RESULTS AND DISCUSSION

The traditional method was used for the synthesis of 1, 3-
diketones, which involved a two-stage procedure. The de-
sired compounds were synthesized by Baker-Venkatraman
[46] transformation using hazardous/toxic reagents, like
phosphorous oxychloride, pyridine, and strong base KOH
[45]. The time required to get the desired product is almost 3
hrs by conventional heating. It was thought worthwhile to
synthesize pyrazolyl B-diketones by solvent-free synthetic
path using microwave irradiation. Compound 2 was synthe-
sized from available reagent 1,3-diphenyl-1H-pyrazole-4-
carboxaldehyde by oxidation with KMnO,, followed by
treating with SOCl,. The condensation of acid chloride 2
with substituted 2-hydroxy acetophenones 1 with the support
of solid K,CO; by one-pot synthesis under microwave irra-
diation provided corresponding 1, 3-diketones 3. In the pre-
sent investigation, different 2-hydroxy acetophenones were
treated with 1,3-diphenyl-1H-pyrazole-4-carbonyl chloride
in basic K,COs as a solid support under the influence of mi-
crowave irradiation to get 1-(1, 3-diphenyl-1H-pyrazol-4-yl)-
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3-(2-hydroxyphenyl)-propane-1,3-dione  in  quantitative
yields. Similar compounds were synthesized and characteri-
zation data were compared with data reported in a previous
investigation [45]. The melting points of the synthesized
compounds were found to be in accordance with the previous
report, and in the range of 229-297°C. The time required for
the synthesis of desired compounds was about 5 to 6
minutes, as mentioned in Table 1, which was better than the
conventional method that requires almost 3 hrs. All the
products were obtained with excellent yields, higher than
those of the conventional method (Table 1). The characteri-
zation data of the synthesized compounds are represented in
the supplementary information. The IR spectra of synthe-
sized compounds were taken using a KBr pallet; they
showed characteristic absorption broad bands in the region
3138-3487 cm™', which may be due to phenolic —OH stretch-
ing. The characteristic band observed at 3035-3091 cm™ was
assigned to —CH stretching frequency. A sharp band in the
region 1617-1688 cm™ was assigned to C=0O stretching fre-
quency of ketone functionality. The bands at 1572-1605 cm™
were observed due to C=N stretching frequency near the
ketone group. The characteristic bands at 592-760 cm™ were
assigned to the C-Cl group, 1120 cm™ to the C-F cm™ group,
and 650 cm™ to the C-Br group. The 'H NMR spectra of
synthesized compounds were taken in DMSO-d6 using TMS
as the internal standard. The "H NMR spectra study showed
proton signals at 2.36-2.40 ppm due to aromatic methyl
groups. The proton signal at 11.17-13.20 ppm may be due to
the presence of phenolic compound, and that at 9.21-10.98
ppm may be due to enol proton, showing a singlet band and
D,0 exchange. The aromatic protons and protons between
two carbonyl groups were observed in the region of 6.54-
9.98 ppm.

3. MATERIALS AND METHODS

All the reagents and solvents used were of A. R. grade
and they were used without further purification. RAGA’s
scientific microwave system with 700 w power, 31 lit. capac-
ity, and 2450 Hz. frequency was used for synthesis. Reac-
tions were monitored on TLC plates. The identification spots
of compounds on the TLC plate were visualized by the ultra-
violet light. An open capillary method was used for the de-
termination of the melting points of the synthesized com-
pounds. The IR spectra for some selected compounds were
scanned on Perkin-Elmer FT spectrometer 1420 in KBr disc.
The 'H NMR spectra of newly synthesized compounds were
scanned on a Brucker varian 300 MHz spectrometer using

Scheme 1. Synthetic route for the synthesis of 1-(1,3-diphenyl-1H-pyrazol-4-y1)-3-( 2-hydroxyphenyl) propane -1,3-dione.
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Table 1. Physical and analytical data of the synthesized compounds.
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Comp. M.P. Time Yield"! Yield
Product (3a-j) .
No. o) (Min.) (%) (%)
IPh
OH N
3a | N 235-237 5.5 88 89
(0] (0] Ph
/Ph
OH N\
3b [N 258-260 6.0 86 96
F
o o Ph
/Ph
OH N\
3¢ [N 295-297 5.0 90 92
Cl
o o Ph
/Ph
OH N\
3d [ N 258-260 55 85 94
Br
(6] (6] Ph
/Ph
Me OH N\
3e [ N 285-287 55 87 95
Cl
(6] (6] Ph
Me Ph
OH N/
3f [N 264-266 6.0 85 89
Me
0O O Ph
Cl Ph
OH N/
3g [ N 281-283 5.5 89 86
Cl
(6] (6] Ph
Ph
OH N\
3h [N 230-232 55 81 90
Me
(6] (0] Ph
Ph
OH N\
3i [N 229-231 5.0 80 92
Et
o) 0 Ph
Ph
Me OH N\
3j [ N 245-246 6.0 - 91
O O Ph

DMSO-d6 as a solvent and TMS as an internal standard. The
mass spectra for some selected synthesized compounds were
recorded on the EI-Shimadzu GC-MS spectrometer.

3.1. Procedure for the Synthesis of B-diketones by Mi-
crowave Irradiation Method (3g)

2-hydroxyacetophenones (0.01mol) and 1,3-diphenyl-
1H-pyrazole-4-carbonyl chloride (0.001mol), as well as
K,CO;5 (2 gms) were ground together and well mixed; the

powder was then taken in a 25 ml conical flask. It was then
exposed to microwave irradiation at an output of 300 W for
5-6 minutes. The reaction was monitored on TLC. After
completion of the reaction, the contents were cooled to room
temperature, poured onto ice cold water and acidified with
conc. HCI (till acidic, checked by litmus paper). The solid
thus obtained was separated by filtration, washed with water,
dried and crystallized with ethanol. The pure products were
obtained in 86-96% yield. The structures of the synthesized
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compounds were analyzed by IR, '"H NMR and mass spec-
trometry.

3.2. Characterization Data of the Products

3.2.1. 1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-(2-hydroxyphenyl)
propane-1,3-dione (3a)

White solid; Yield- 89%; M. P. 235-237°C; FT-IR (KBr,
em™): 1581, 1675, 3056, 3450; 'H NMR (300MHz, DMSO-
dg, Ooppm): 13.20 (S, 1H, D,O exchangeable), 10.02 (S, 1H,
D,0 exchangeable), 6.97-8.60 (m, 16H), MS (EIMS) (m/z):
(M 1)gouna = 383.18, (M'+1)cq.= 383.14.

3.2.2. 1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-(5-fluoro-2-
hydroxyphenyl)propane-1,3-dione (3b)

White solid; Yield- 96%; M. P. 258-260°C; FT-IR (KBr,
em™): 1120, 1605, 1682, 3060, 3458; 'H NMR (300MHz,
DMSO-dg, éppm): 12.72 (S, 1H, D,O exchangeable), 9.21
(S, 1H, D,0O exchangeable), 7.32-9.38(m, 15H), MS (EIMS)
(m/z): (M +1)goung = 401.21, (M +1)cq.= 401.13.

3.2.3. 1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-(2-hydroxyphenyl)
propane-1,3-dione (3c)

White solid; Yield- 92%; M. P. 295-297°C; FT-IR (KBr,
em™): 760, 1593, 1687, 3048, 3443; 'H NMR (300MHz,
DMSO-dg, dppm): 13.82 (S, 1H, D,O exchangeable), 10.80
(S, 1H, D,0O exchangeable), 7.97-9.78(m, 15H), MS (EIMS)
(m/z): (M +1)goung = 417.31, M +1)cq.= 417.10.

3.2.4.  I-(5-bromo-2-hydroxyphenyl)-3-(1,3-diphenyl-1H-
pyrazol-4-yl)propane-1,3-dione (3d)

White solid; Yield- 94%; M. P. 258-260°C; FT-IR (KBr,
em™): 650, 1588, 1676, 3061, 3487; '"H NMR (300MHz,
DMSO-dg, dppm): 12.05 (S, 1H, D,O exchangeable), 10.08
(S, 1H, D,0 exchangeable), 6.97-9.22 (m, 15H), MS (EIMS)
(m/z): (M +1)goung = 462.01, (M +1)cq.= 462.04.

3.2.5. 1-(5-chloro-2-hydroxy-4-methylphenyl)-3-(1,3-
diphenyl-1H-pyrazol-4-yl)propane-1,3-dione (3e)

White solid; Yield- 95%; M. P. 285-287°C; FT-IR (KBr,
em): 592, 1576, 1688, 3091, 3454; '"H NMR (300MHz,
DMSO-dg, dppm): 13.15 (S, 1H, D,O exchangeable), 10.98
(S, 1H, D,O exchangeable), 7.06-9.98 (m, 14H), 2.25 (S,
3H); MS (EIMS) (m/z): (M +1)guma = 431.21, (M +1)ca.=
431.11.

3.2.6. 1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-(2-hydroxy-3,5-
dimethylphenyl)propane-1,3-dione (3f)

White solid; Yield- 89%; M. P. 264-266°C; FT-IR (KBr,
em™): 1487, 1592, 1624, 3061, 3158; 'H NMR (300MHz,
DMSO-dg, dppm): 11.98 (s, 1H, D,0O exchangeable proton of
enol), 10.77 (s, 1H, D,O exchangeable proton of phenol),
6.54-9.35 (m, 14H), 2.71 (S, 3H), 2.92 (S, 3H); MS (EIMS)
(m/z): M+ 1)goung = 411.30, (M +1)cq.= 431.17.

Dhokale et al.

3.2.7. 1-(3,5-dichloro-2-hydroxyphenyl)-3-(1,3-diphenyl-
1H-pyrazol-4-yl)propane-1,3-dione (3g)

White solid; Yield- 86%; M. P. 281-283°C; FT-IR (KBr,
cm'l): 754, 1598, 1671, 3051, 3446; 'H NMR (300MHz,
DMSO-dg, dppm): 12.60 (S, 1H, D,O exchangeable), 9.45
(S, 1H, D,0O exchangeable), 7.93-9.05(m, 14H), MS (EIMS)
(m/z): (M'+1)goung = 451.30, (M +1)cq = 451.06.

3.2.8. 1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-(2-hydroxy-5-
methylphenyl)propane-1,3-dione (3h)

White solid; Yield- 90%; M. P. 230-232°C; FT-IR (KBr,
em): 1477, 1582, 1598, 1617, 3049, 3142; 'H NMR
(300MHz, DMSO- dg, dppm): 11.17 (s, 1H, D,O exchangea-
ble proton of enol), 10.82 (s, 1H, D,O exchangeable proton
of phenol), 9.49 (s, 1H), 6.84-8.01 (m, 13H), 4.71 (S, 1H),
2.24 (S, 3H); MS (EIMS) (m/z): (M™+1)gua = 397.20,
(M +1)ca=397.15.

3.2.9. 1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-(5-ethyl-2-
hydroxyphenyl) propane-1,3-dione (3i)

White solid; Yield- 92%; M. P. 229-231°C; FT-IR (KBr,
em™): 1467, 1572, 1591, 1622, 3035, 3138; 'H NMR
(300MHz, DMSO-d¢, dppm): 12.55 (s, 1H, D,O exchangea-
ble proton of enol), 11.02 (s, 1H, D,O exchangeable proton
of phenol), 6.84-8.01 (m, 13H), 4.71 (S, 1H), 2.24 (S, 3H);
MS (EIMS) (m/z): (M +1)gouna = 411.37, (M'+1)ca=411.17.

3.2.10.  1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-(2-hydroxy-4-
methylphenyl)propane-1,3-dione (3j)

White solid; Yield- 91%; M. P. 245-246°C; FT-IR (KBr,
em’): 1475, 1588, 1597, 1617, 3049, 3142; 'H NMR
(300MHz, DMSO-d¢, dppm): 11.28 (s, 1H, D,O exchangea-
ble proton of enol), 10.72 (s, 1H, D,O exchangeable proton
of phenol), 9.29 (s, 1H), 6.74-8.21 (m, 13H), 4.68 (S, 1H),
2.31 (S, 3H); MS (EIMS) (m/z): (M+1)fuma = 397.11,
(M +1)ca=397.15.

CONCLUSION

In conclusion, we have synthesized 1-(1,3-diphenyl-1H-
pyrazol-4-yl)-3-(2-hydroxy-substituted phenyl) propane-1,3-
dione compounds by microwave irradiation. The desired
compounds were synthesized using K,CO; as green solid
support and employing the solvent-free path. The synthe-
sized products were characterized by IR, 'H NMR, and mass
spectroscopy. In the present investigation, it has been found
that microwave irradiation requires less time and the yields
obtained are considerably increased in comparison to the
conventional heating method. Microwave-assisted synthesis
reduces the number of steps and time, provides increased
yields, and avoids the use of hazardous solvents. Thus, mi-
crowave-assisted method can be considered as superior to
the traditional heating method for the synthesis of desired
compounds.
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