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A new series of fluoro substituted pyrazoline derivatives 5a–g and 6a–g were synthesized in good to
excellent yield from the corresponding pyrazole chalcones, 4a–g, by using polyethylene glycol-400
(PEG-400) as an alternative reaction medium. The newly synthesized compounds were characterized
and screened for their in vivo antiinflammatory and analgesic activity. Compounds 5g and 6g were found
to be more potent than standard drug Diclofenac and six other compounds 5b, 5c, 5f, 6b, 6c and 6f
showed significant antiinflammatory activity as compared to standard drug. Compounds 5c, 5d, 5e, 5f,
6c, 6d, 6e and 6f showed significant analgesic activity as compared to standard drug Aspirin.

� 2013 Elsevier Ltd. All rights reserved.
Presently, the researchers have focused their interest in devel-
oping the alternative synthesis as well as insertion of a fluorine
atom into the heterocyclic compounds in order to enhance the sig-
nificant effect on the biological and physical parameters.1 As the
fluorinated compounds possess various biological activities which
is due to their lipophilicity and stability,2 the chemistry and phar-
macology of these compounds is of great interest in the medicinal
chemistry.

Pyrazoles are the most important class of heterocyclic com-
pounds having their broad spectrum of application in pharmaceu-
tical and agrochemical field.3 Pyrazole derivatives are found to
exhibit good antibacterial,4 antiinflammatory,5 analgesic,6 antican-
cer, radio protective,7 anti-convulsant8 and anti-depressant activ-
ity.9 Pyrazolines are well known nitrogen containing five-
membered compounds which are found to possess considerable
biological activities in the medicinal chemistry.10–13

The survey of literature reveals that many pyrazoline
derivatives have been used for clinical application as NSAIDS. Phe-
nylbutazone, Celecoxib and Deracoxib are the pyrazoline NSAIDS,
are potent antiinflammatory and analgesic agents. Antipyrine is
the first pyrazoline derivative used as an antipyrine agent. How-
ever their use is restricted due to their GI side effects. The
development of alternatives to NSAIDs is being attempted all over
the world.
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N-substituted pyrazoline derivatives also exhibit biological
activities like COX-2 inhibitors,14 antiinflammatory, analgesic,
antimicrobial,15,16 antitumor,17 antileukemia,18 anti-depressant,19

angiotension converting enzyme inhibitory activity and hyperten-
sion.20 The N-phenyl-3-(4-fluorophenyl)-4-substituted pyrazole
derivatives are recently reported as antitubercular agents.21,22 On
the other hand, PEG solvents are known to be inexpensive, easily
available, thermally stable, recyclable, biological compatible, non-
toxic and water soluble compounds that does not hydrolyze on
long storage.23–25 Due to these advantages, PEGs of different
molecular weights are extensively used as solvents or vehicles in
various pharmaceutical industries. However, PEG polymer of low
molecular weight differ significantly from polymers of high molec-
ular weight in their physico-chemical properties, higher toxicity
and possibly genotoxicity.26 The toxicity data of different
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5a, 6a, R = 4-F
5b, 6b, R = 4-Cl
5c, 6c, R = 4-Br
5d, 6d, R = 4-Me
5e, 6e, R = 4-OMe
5f , 6f , R = 3-NO2
5g, 6g, R = 4-H

Scheme 1. Reagents and conditions: (i) Phenyl hydrazine, methanol, concd H2SO4 (2 drops), 70 �C, 4 h. (ii) DMF, POCl3, 80 �C, 5 h. (iii) 4-Fluoro acetophenone, NaOH, PEG-400,
40–50 �C, 1 h. (iv) N2H4�H2O, acetic acid, PEG-400, 70–75 �C, 4–5 h. (v) Phenyl hydrazine, NaOH, PEG-400, 70–75 �C, 4–5 h.

Table 1
Antiinflammatory activity of pyrazoline derivatives (5a–g and 6a–g) by carrageenan induced rat paw edema method in rats and analgesic activity by tail flick method

Entry Antiinflammatory activity
Mean paw volume (mL) ± SEM

Analgesic activity % inhibition

0 h 1 h 2 h 3 h 60 min

Control
Diclofenac
Aspirin

1.25 ± 0.01
0.85 ± 0.02
—

1.29 ± 0.01
0.66 ± 0.02
—

1.32 ± 0.001
064 ± 0.001
—

1.38 ± 0.001
0.58 ± 0.01
—

—
—
119

5a 1.25 ± 0.03 1.20 ± 0.04 1.37 ± 0.003 1.09 ± 0.004 43
5b 0.88 ± 0.01⁄⁄⁄ 0.84 ± 0.04⁄⁄ 0.68 ± 0.001⁄⁄⁄ 0.98 ± 0.002⁄⁄ 44
5c 0.76 ± 0.04⁄⁄ 0.88 ± 0.04⁄⁄ 0.66 ± 0.005⁄⁄ 0.68 ± 0.001⁄⁄ 71
5d 1.16 ± 0.05 1.39 ± 0.06 1.32 ± 0.004 1.26 ± 0.006 110
5e 1.36 ± 0.04 1.36 ± 0.01 1.48 ± 0.006 1.47 ± 0.003 66
5f 0.87 ± 0.05⁄⁄⁄ 0.89 ± 0.04⁄⁄ 0.86 ± 0.006⁄⁄ 0.69 ± 0.005⁄⁄ 109
5g 0.57 ± 0.05⁄⁄⁄ 0.58 ± 0.05⁄⁄⁄ 0.38 ± 0.003⁄⁄⁄ 0.59 ± 0.003⁄⁄⁄ 35
6a 1.15 ± 0.03 1.19 ± 0.04 1.36 ± 0.003 1.08 ± 0.004 41
6b 0.78 ± 0.01⁄⁄⁄ 0.77 ± 0.04⁄⁄ 0.64 ± 0.001⁄⁄⁄ 0.96 ± 0.002⁄⁄ 43
6c 0.76 ± 0.02⁄⁄ 0.87 ± 0.04⁄⁄ 0.69 ± 0.005⁄⁄ 0.68 ± 0.001⁄⁄ 71
6d 1.15 ± 0.02 1.29 ± 0.06 1.32 ± 0.005 1.26 ± 0.006 110
6e 1.35 ± 0.01 1.30 ± 0.01 1.42 ± 0.006 1.48 ± 0.003 66
6f 0.86 ± 0.02⁄⁄⁄ 0.79 ± 0.05⁄⁄ 0.84 ± 0.006⁄⁄ 0.69 ± 0.005⁄⁄ 108
6g 0.58 ± 0.01⁄⁄⁄ 0.59 ± 0.04⁄⁄⁄ 0.38 ± 0.003⁄⁄⁄ 0.59 ± 0.003⁄⁄⁄ 35

SEM—standard error mean; n = 6, ⁄P < 0.05, ⁄⁄P <0.01, ⁄⁄⁄P <0.001; —, not determined.
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molecular weight PEG’s are also available and some of them are al-
ready approved for internal consumption by the USA FDA.27 The
use of PEG as a green and alternative reaction medium in organic
reactions is relatively recent.28

Appreciation of these findings motivated us to synthesize some
new fluoro substituted pyrazoline derivatives by using polyethyl-
ene glycol (PEG-400) as an alternative reaction medium which
have been found to possess an interesting profile for antiinflamma-
tory and analgesic activity.
The synthesis of pyrazoline derivatives were prepared as out-
lined in Scheme 1. The substituted 1,3-diphenyl-1H-pyrazole-4-
carbaldehydes 3a–g were prepared by Vilsmeier–Haack reaction
on acetophenone hydrazones 2 obtained from various substituted
acetophenones 1 according to literature method.29 The pyrazole
chalcones 4a–g were prepared by the reaction of various substi-
tuted pyrazole aldehydes 3a–g with 4-fluoroacetophenone and
NaOH in PEG-400. These pyrazole chalcones 4a–g were treated
with hydrazine hydrate/acetic acid and phenyl hydrazine/NaOH
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in PEG-400 and heated for about 4–5 h to afford pyrazoline deriv-
atives 5a–g and 6a–g respectively. The completion of the reaction
was monitored by TLC. All the synthesized compounds were char-
acterized by IR, 1H NMR and Mass spectroscopy.33,34

IR spectra of compounds 5f and 5g reveals that, the (C@O)
absorption bands were observed in the region 1654–1660 cm�1

and the (C@N) stretching was observed at 1595 cm�1 whereas in
the IR spectra of compounds 6f and 6g, the (C@O) absorption bands
were not observed in the region 1654–1660 cm�1 and the (C@N)
stretching was found in the same region. These stretching vibration
values confirm the formation of desired pyrazoline derivatives. In
the 1H NMR spectra of compounds 5f, 5g and 6f, 6g, the chiral
CH proton appeared at d 5.8–5.9 and 5.53–5.57, respectively as
doublet of doublet, while the pro-chiral methylene protons ap-
peared at d 3.07–3.77 and d 3.23–3.98 respectively as two distinct
doublet of a doublet there by indicating the magnetic non-
equivalency of the two protons. These newly synthesized
compounds are also confirmed by mass spectral analysis.

All these newly synthesized pyrazoline derivatives were evalu-
ated for their antiinflammatory activity30 at 50 mg/kg p.o. against
carrageenan induced paw edema method in wistar rats,31 and
compared with the standard drug Diclofenac sodium. The effects
of synthesized compounds and standard drug on paw edema in-
duced by carrageenan are shown in Table 1. The antiinflammatory
result reveals that compounds 5g and 6g showed excellent activity
whereas the compounds 5b, 5c, 5f, 6b, 6c and 6f showed
significant activity after comparing with Diclofenac. The remaining
pyrazoline derivatives showed weak antiinflammatory activity.

All these compounds were also evaluated for their analgesic
activity at 25 mg/kg p.o. by radiant heat tail flick method in rats.32

The results are summarized in Table 1 and are expressed as per-
centage analgesia. All compounds showed analgesic activity in
the range of 35–110% and were compared with the standard drug
Aspirin. The analgesic result revealed that the compounds 5c, 5d,
5e, 5f, 6c, 6d, 6e, and 6f showed significant activity as compared
with standard drug Aspirin, while as remaining compounds
showed moderate analgesic activity after 1 h treatment.

The new series of fluoro substituted pyrazoline derivatives were
synthesized using PEG-400 as an alternative reaction medium and
identified as anti inflammatory and analgesic agents. The reaction
was clean and the products were obtained in excellent yields
without formation of any detectable side products. Among the 14
compounds screened, the four compounds 5c, 5f, 6c and 6f showed
significant activities in both screens when compared to standard
drugs Diclofenac and Aspirin. Hence, it can be concluded that,
the tested pyrazolines derivatives can considered as potential anti-
inflammatory and analgesic agents. Further studies in relation to
cytotoxicity and ADME are warranted for the better understanding.
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1229; 1H NMR (300 MHz, CDCl3): d 2.44 (s, 3H, N-acetyl), 3.01–3.08 (dd, 1H,
pyrazoline H), 3.61–3.65 (dd, 1H, pyrazoline H), 5.82–5.87(dd, 1H, pyrazoline
H), 7.07–7.68 (m, 13H, ArH), 7.78 (s, 1H, pyrazole-H); MS: m/z = 505 (M+2).
Compound 5d: yield: 85%; mp: 198 �C; IR (KBr) cm�1: 3192, 2915, 2839,
1648,1595,1501, 1407, 1222; 1H NMR (300 MHz, CDCl3): d 2.36 (s, 3H, –CH3)
2.44 (s, 3H, N-acetyl), 3.02–3.09 (dd, 1H, pyrazoline H), 3.54–3.64 (dd, 1H,
pyrazoline H), 5.87–5.92 (dd, 1H, pyrazoline H), 7.04–7.69 (m, 13H, ArH), 7.76
(s, 1H, H-5 of pyrazole); MS: m/z = 439 (M+1). Compound 5e: yield: 83%; mp:
162–164 �C; IR (KBr) cm�1: 2995, 2892,1660, 1601, 1507,1359, 1239, 1154,
1052; 1H NMR (500 MHz, CDCl3): d 2.46 (s, 3H, N-acetyl), 3.83 (s, 3H, –OCH3),
3.06–3.1(dd, 1H, pyrazoline H), 3.58–3.63 (dd, 1H, pyrazoline H), 5.87–5.91
(dd, 1H, pyrazoline H), 6.95–7.71 (m, 13H, ArH), 7.79 (s, 1H, pyrazole-H); MS:
m/z = 455 (M+1). Compound 5f: yield: 74%; mp: 247–248 �C; IR (KBr) cm�1:
2995, 2892, 1660, 1595, 1507, 1359, 1239, 1154, 1052; 1H NMR (300 MHz,
CDCl3): d 2.44 (s, 3H, N-acetyl), 3.07–3.14 (dd, 1H, pyrazoline H), 3.68–3.77 (dd,
1H, pyrazoline H), 5.83–5.88 (dd, 1H, pyrazoline H), 7.07–8.60 (m, 13H, ArH),
7.79 (s, 1H, pyrazole-H). Compound 5g: yield: 85%; mp:174–175 �C; IR (KBr)
cm�1: 3010, 1654, 1595, 1503, 1240; 1H NMR (300 MHz, CDCl3): d 2.44 (s, 3H,
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N-acetyl), 3.03–3.10 (dd, 1H, pyrazoline H), 3.56–3.66 (dd, 1H, pyrazoline H),
5.87–5.92 (dd, 1H, pyrazoline H), 7.05–7.76 (m, 14H, ArH), 7.78 (s, 1H,
pyrazole-H); MS: m/z = 425 (M+1).

34. Synthesis of pyrazoline derivatives (6a–g): A mixture of pyrazole chalcones 4a–g
(1.0 mM) were placed in a 100 mL round bottom flask with 10 mL of PEG-400.
To this solution phenyl hydrazine (1.0 mM) and 40% NaOH (2 mL) were added
drop wise and heated at 70–75 �C for about 4–5 h depending upon the
substituent’s present in the compound. Reaction progress was monitored by
TLC. After completion of the reaction, reaction mixture was cooled, poured into
crushed ice, precipitate formed was filtered off and recrystallized from ethanol,
affording compounds 6a–g. Compound 6a: yield: 82%; mp: 170–172 �C; IR
(KBr) cm�1: 3057, 1595, 1495, 1455, 1380, 1322, 1220; 1H NMR (500 MHz,
CDCl3): d 3.19–3.24 (dd, 1H, –CH2– pyrazoline H); 3.82–3.90 (dd, 1H, –CH2–
pyrazoline H); 5.49–5.52 (dd, 1H, –CH– pyrazoline H); 6.84–7.79 (m ,18H, Ar-
H); 7.90 (s, 1H, pyrazole-H). Compound 6b: yield: 80%; mp: 156–157 �C; IR
(KBr) cm�1: 3055, 1596, 1497, 1384, 1323, 1221; 1H NMR (500 MHz, CDCl3): d
3.19–3.24 (dd, 1H, –CH2– pyrazoline H); 3.82–3.85 (dd, 1H, –CH2– pyrazoline
H); 5.49–5.52 (dd, 1H, –CH– pyrazoline H); 6.83–7.78 (m, 18H, Ar-H); 7.80 (s,
1H, pyrazole-H); MS: m/z = 493 (M+1). Compound 6c: yield: 79%; mp: 138–
140 �C; IR (KBr) cm�1: 3049, 1594, 1493, 1385, 1325, 1218; 1H NMR (500 MHz,
CDCl3): d 3.19–3.23 (dd, 1H, –CH2– pyrazoline H); 3.82–3.87 (dd, 1H, –CH2–
pyrazoline H); 5.49–5.52 (dd, 1H, –CH– pyrazoline H); 6.83–7.73 (m, 18H, Ar-
H); 7.82 (s, 1H, pyrazole-H). Compound 6d: yield: 86%; mp: 185–186 �C; IR
(KBr) cm�1: 3019, 2924, 1595, 1496, 1383, 1321, 1216; 1H NMR (500 MHz,
CDCl3): d 2.46 (s, 3H, Methyl H); 3.21-3.26 (dd, 1H, –CH2– pyrazoline H); 3.82–
3.88 (dd, 1H, –CH2– pyrazoline H); 5.52–5.55 (dd, 1H, –CH– pyrazoline H);
6.82–7.74 (m, 18H, Ar-H); 7.78 (s, 1H, pyrazole-H); MS: m/z = 473 (M+1).
Compound 6e: yield: 88%; mp: 168 �C; IR (KBr) cm�1: 3025, 2994, 1598, 1498,
1453, 1388, 1292; 1H NMR (500 MHz, CDCl3): d 3.91 (s, 3H, Methoxy H); 3.21–
3.26 (dd, 1H, –CH2– pyrazoline H); 3.81–3.87 (dd, 1H, –CH2– pyrazoline H);
5.50–5.53 (dd, 1H, –CH– pyrazoline H); 6.82–7.76 (m, 18H, Ar-H); 7.78 (s, 1H,
pyrazole-H); MS: m/z = 489 (M+1). Compound 6f: yield: 78%; mp: 242–244 �C;
IR (KBr) cm�1: 3058, 1595, 1528, 1497, 1344, 1220; 1H NMR (500 MHz, CDCl3):
d 3.24–3.29 (dd, 1H, –CH2– pyrazoline H); 3.92–3.98 (dd, 1H, –CH2– pyrazoline
H); 5.54–5.57 (dd, 1H, –CH– pyrazoline H); 6.83–8.69 (m, 18H, Ar-H); 7.87 (s,
1H, pyrazole-H). Compound 6g: yield: 86%; mp: 150–152 �C; IR (KBr) cm�1:
3059, 1594, 1495; 1374, 1217; 1H NMR (500 MHz, CDCl3): d 3.23–3.27 (dd, 1H,
–CH2– pyrazoline H); 3.83-3.89 (dd, 1H, –CH2– pyrazoline H); 5.53–5.57 (dd,
1H, –CH– pyrazoline H); 6.82–7.84 (m, 19H, Ar-H); 7.80 (s, 1H, pyrazole-H);
MS: m/z = 459 (M+1).
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