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Studies on Some 3-Oxo0-5-benzylidene-6-methyl-(4H)-
2-substitutedpyridazines with Antinociceptive and
Antiinflammatory Activities
Summary : In this study, some new 3-o0xo-5-benzylidene-6-
methyl-(4H)-2-substituted pyridazine derivatives have been
prepared by the reaction of 5-substituted benzylidene-6-
methyl-(4H)-pyridazin-3-one with several substituted benzoyl-
methyl bromides. The structures of the compounds have been
elucidated by IR, 'H-NMR and elemental analysis.
Antinociceptive (only for compound Illa) and anti-inflamma-
tory activity studies were evaluated by using in vivo tests. The
anti-inflammatory activity was studied by means of the “car-
rageenan paw edema”, whereas the “acetic acid writhing* test
was used to assess the antinociceptive activity. Qualitatively,
compound Illa was shown to exert anti-inflammatory effect as
potent as phenylbutazone and antinociceptive effect similar to

acetylsalicylic acid.
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Antinosiseptif ve Antiinflamatuvar Etkili Baz 3-Okso-5-ben-
ziliden-6-metil-(4H)- 2-siibstitiiepiridazinler Uzerinde Calig-
malar
Ozet: Bu cahsmada, 5-siibstitiiebenziliden-6-metil-(4H)-piri-
dazin-3-on tiirevlerinin degisik siibstitiie benzoilmetil bromiirler
ile reaksiyonuyla bazi yeni 3-okso-5-benziliden-6-metil-(4H)-
2-siibstitiie piridazin tiirevleri hazirlanmig ve bilesiklerin yapi-
lart IR, 1H-NMR ve elemental analiz verileriyle kamtlannusnr.
Antinosiseptif (sadece bilesik Illa) ve antiinflamatuvar aktivite
calismalart in vivo testlerle yapilmistir. Antinosiseptif aktivite-
nin tayininde “asetik asit writhing* testi, antiinflamatuvar akti-
vite tayininde ise “pence odem“ testi kullamlmignr. Yapilan ak-
tivite calismalart sonucunda, bilesik Illa'min fenilbutazona eg-
deger bir antiinflamatuvar etki ve asetilsalisilik asite yakin bir

antinosiseptif etki gosterdigi bulunmustur.

Anahtar kelimeler: 3-Okso-5-bentziliden-6-metil-(4H)-2-siibs-
titlie piridazin, antinosiseptif aktivite, anti-
inflamatuvar aktivite, sentez.

1. Introduction

It is well known that the therapeutic use of classical
non-steroidal anti-inflammatory drugs (NSAIDs)
has a hazardous potential. In view of this fact,
research has been directed in recent years at design-
ing compounds devoid of the side effects typical of
morphine-like opioid agonists (such as respiratory
depression, constipation and physical dependence),
as well as of the gastro-intestinal problems. The
results of the pharmacological screening of these
compounds indicated that some possess good anti-

inflammatory activity associated with non-narcotic
analgesic properties!. On the other hand, a consid-
erable number of 3(2H)-pyridazinone derivatives
endowed with antinociceptive and antiinflammato-
ry properties have been reported recently>-12,

Among these compounds, Emorfazone 1 89 (which
was launched as an analgesic in Japan at the begin-
ning of the last decade), the 4,5-dihaloderivatives 2
10, the 5-arylidene 3 7 and 4-carbamoylpyridazi-
nones 4 11 have emerged as being of particular inter-
est.
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Later, Dal Piaz et al. synthesized and evaluated the
antinociceptive activities of the compounds having
2-substituted 4,5-functionalized 6-phenyl-3(2H)-
pyridazinone structures. They observed that some
were more potent than Emorfazonel3. In addition
various compound having a 3(2H)-pyridazinone
ring in their structure have been synthesized and
their antinociceptive activities have been repor-
ted14-16,

Stimulated by these findings, our attention has been
focused on the synthesis of a series of new 3-oxo-5-
benzylidene-6-methyl-(4H)-2-substitutedpyridazine
derivatives (Illa-e) which are expected to show
antinociceptive and antiinflammatory activities .

2. Materials and methods
2.1. Chemistry

All chemicals used in this study were supplied from
E. Merck (Dormstadt, Germany) and Aldrich
(Steinheim, Germany). Melting points were deter-
mined with a Thomas-Hoover Capillary Melting
Point Apparatus (Philadelphia, PA; USA) and are
uncorrected. IR spectra (KBr) were recorded on a
Perkin-Elmer 1720X (Beaconsfield, UK) FTIR . 1H-
NMR spectra were acquired in CDCl; on a Bruker
AC 80 MHz FT NMR Instrument (Karlsruhe,
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Germany). Tetramethylsilane was used as internal
standard and all chemical shift values were record-
ed as 8 (ppm) values. The purity of the compounds
was controlled by thin layer chromatography (
Merck, silicagel, HF;s54,346, type 60, 0.25 mm,
Darmstadt, Germany). The elemental analyses (C,
H, N, and S) were performed on a Leco CHNS 932
(Leco Cooperation, St. Joseph, MI, USA) analyzer by
the Scientific and Technical Research Council of
Turkey Instrumental Analysis Laboratories
(Ankara, Turkey) and were within +0.4 % of the the-
oretical values.

2.1.1. General preparation of 4-nonsubstituted /-sub-
stituted benzoylmethyl bromides

These compounds were synthesized by treating app-
ropriate acetophenones with bromine in glacial acetic
acid according to the method reported earlier 17.

2.1.2.Preparation of 4-oxo-3-benzylidenepentanoic
acid (I)

An ice-cooled mixture of benzaldehyde (0.2 mol)
and levulinic acid (0.3 mol) was saturated with dry
hydrogen chloride. Then, the mixture was stirred for
48 h at room temperature. The precipitate which
formed was filtered off . The crude acid was crystal-
lized from ethyl acetate/n-hexane mixture.

2.1.3. Preparation of 5-benzylidene-6-methyl-(4H)-
pyridazin-3-one (1)

A mixture of acid (I) (0.02 mol) and hydrazine
hydrate (0.02 mol) in ethanol (50 ml) was refluxed
for 2h. Then the mixture was cooled and the crude
product which separated was filtered off and crys-
tallized from ethanol.

2.1.4. General preparation of 3-Oxo-5-benzylidene-
6-methyl-(4H)-2-substituted pyridazines (Illa-e)

5-Benzylidene-6-methyl-(4H)-pyridazin-3-one
(0.01lmol) was added to an ethanolic solution (25
ml) of sodium (0.23 g, 0.01 g atom). The mixture was
refluxed for 30 min. Then, appropriate benzoyl-
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methyl bromides (0.01 mol) were added by drops to
a cooled solution, which was refluxed for 48 h and
evaporated in vacuo. The crude product was crys-
tallized from ethyl acetate/n-hexan.

3-Oxo-5-benzylidene-6-methyl-(4H)-2-(benzoyl-
methyl)pyridazine (IIla)

This was obtained from 0.01mol (2 g) 5-benzylidene-
6-methyl-(4H)-pyridazin-3-one and 0.01 mol (1.99 g)
benzoylmethyl bromide. Yield 65%. M.p.:170-1 °C.
IR: 1660 (C=0), TH-NMR: 2.2 (3H, s, CHz-pyr), 3.8
(2H, s, -CO-CH,-), 5.5 (2H, s, -N-CO-CH,-), 6.6 (1H,
s, -CH=C-), 7.0-8.2 (10H, m, aromatic)

3-Oxo0-5-benzylidene-6-methyl-(4H)-2-(4-methyl-
benzoylmethyl) pyridazine (Illb)

This was obtained from 0.01mol (2 g) 5-benzylidene-
6-methyl-(4H)-pyridazin-3-one and 0.01 mol (2.13 g)
4-methylbenzoylmethyl bromide. Yield 68%.
M.p.:118-9 °C. IR:1665(C=0), 'H-NMR: 2.2 (3H, s,
CHj3-), 24 (3H, s, CHs-), 3.8 (2H, s, -CO-CH,-), 5.5
(2H, s, -N-CO-CH,-), 6.5 (1H, s, -CH=C-), 7.0-8.2
(9H, m, aromatic)

3-Oxo0-5-benzylidene-6-methyl-(4H)-2-(4-methoxy-
benzoylmethyl) pyridazine (IIlc)

It was obtained from 0.01mol (2 g) 5-benzylidene-6-
methyl-(4H)-pyridazin-3-one and 0.01 mol (2.29 g)
4-methoxybenzoylmethyl bromide . Yield 70%.
M.p.:131-2 °C. IR:1670 (C=0), TH-NMR: 2.2 (3H, s,
CHjs-pyr), 3.65 (2H, s, -CO-CH,-), 3.95 (3H, s, CH30-
ph), 54 (2H, s, -N-CO-CH,-), 6.5 (1H, s, -CH=C-),
6.9-8.1 (9H, m, aromatic)

3-Oxo-5-benzylidene-6-methyl-(4H)-2-(4-bromo-
benzoylmethyl) pyridazine (IIId)

It was obtained from 0.01mol (2 g) 5-benzylidene-6-
methyl-(4H)-pyridazin-3-one and 0.01 mol (2.78 g)
4-bromobenzoylmethyl bromide . Yield 62%. M.p.:
137-8 °C. IR:1660 (C=0), IH-NMR: 2.2 (3H, s, CH3-
pyr), 3.65 (2H, s, -CO-CH,-), 5.4 (2H, s, -N-CO-CH,-
), 6.45 (1H, s, -CH=C-), 6.9-7.9 (9H, m, aromatic)
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3-Oxo0-5-benzylidene-6-methyl-(4H)-2-(4-chloroben-
zoylmethyl) pyridazine (Ille)

This was obtained from 0.01mol (2 g) 5-benzylidene-
6-methyl-(4H)-pyridazin-3-one and 0.01 mol (2.33 g)
4-chlorobenzoylmethyl bromide. Yield 64%. M.p.:
113-4 °C. IR:1665 (C=0), 'H-NMR: 2.1 (3H, s, CH3-
pyr), 3.7 (2H, s, -CO-CHjy-), 5.4 (2H, s, -N-CO-CH,),
6.5 (1H, s, -CH=C-), 6.9-8.0 (9H, m, aromatic)

2.2. Biological Evaluation
2.2.1. Animals

Swiss Albino mice of 20-25 g (Marmara University,
Experimental Research and Animal Laboratory)
were used for examining the anti-inflammatory and
antinociceptive activities of the compounds. All
experiments were carried out by humane methods
and with the approval of Hacettepe University
Ethical Committee for Experimental Animals. The
animals were kept in a temperature-controlled, 12-h
light and dark medium and fed with standard
rodent pellet and water. All of the mice were sacri-
ticed by cervical dislocation after the completion of
experiments.

2.2.2. Drug Solutions

All drugs were suspended in 0.5 % carboxymethyl
cellulose Na (CMC Na, Aldrich, Steinheim, Ger-
many) solution and mixed homogeneously in an ult-
rasonic bath.

2.2.3. Anti-inflammatory activity

The activity was performed following the technique
of Winter et al.18. Either the test compounds and the
vehicle carboxymethyl cellulose or the reference
(Aldrich,
Germany), were administered orally at a dose of 100

drug phenylbutazone Steinheim,
mg/kg. The drug solutions were administered with-
in a volume of 0.1 ml/10 g of mice. Two % car-
rageenan solution (Sigma, St. Louis, MO,USA)
freshly prepared in 0.5 % CMC Na was injected into



Balkan, Ozkanli, Unsal, Géren, Terzioglu

the plantar aponeurosis of the right paw of mice 1 h
following administration of pre-treatment drugs.
The thickness of the paw was measured by a
micrometer with a sensitivity of 0.05 mm prior to the
injection of carrageenan and 2 h later. Percent
change in paw thickness was calculated according
to the following formula:

Percent change in paw thickness = (t'-t / t) x 100

t = the paw thickness prior to carrageenan injection
t'= the paw thickness measured 2 h following car-
rageenan injection

The reference drug was also administered at 25
mg/kg and 50 mg/kg doses for calculation of ED50
values, likewise most active compound.

2.2.4. Antinociceptive activity

"Acetic acid writhing" test 19 was used for testing
antinociceptive activity. Carboxymethyl cellulose
sodium (CMC Na, Aldrich, Steinheim, Germany),
acetyl salicylic acid (Bayer, Istanbul, Turkey) and
the test compound Illa were given orally at 100
mg/kg dose as a suspension in 0.2 ml of 0.5 % CMC
Na to groups of 5 mice of both sexes, pregnant
females excluded. Control animals received the
same volume of vehicles. 1 h after the drug admin-
istration, every mouse was treated with an aqueous
acetic acid solution (3 % w/v, Merck, Darmstadt,
Germany) injected intraperitoneally at a volume of
10 ml/kg dose. 5 min following the administration
of acetic acid solution, the number of stretching pro-
duced in the lower extremities was recorded for a
duration of 10 min. The mean number of writhes for
each experimental group was calculated. The data
were then converted into % antinociceptive activity
by using the formula below:

Percent antinociceptive activity = [(v-v’) / v] x 100
v = number of writhes in vehicle treated mice
v’ = number of writhes in drug-treated mice.

Lower doses (25 mg/ kg and 50 mg/kg) of the ref-
erence and the most active test compound were also
examined for calculation of ED5( values.
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2.2.5. Statistical analysis

Results were expressed as means =+ s.e.m. Statistical
significance was analysed using the one-way analy-
sis of variance followed by Tukey’s Multiple
Comparison Test where p < 0.05 was accepted to be
a significant difference. ED5( values and 95 % confi-
dence limits (95 % CL) were calculated from the
dose-percent inhibition relations by computer log-
linear regression analysis.

3.Results
3.1. Synthesis

In the first step of our studies, 4-oxo-3-benzylidene-
pentanoic acid(I) was prepared by reacting ben-
zaldehyde with levulinic acid in the presence of dry
hydrogen chloride under the reaction conditions
described earlier by Rubat et al.20. Then this com-
pound was converted into 5-benzylidene-6-methyl-
(4H)-pyridazin-3-one (IlI), by treating with
hydrazine hydrate20. In the last step of our reactions,
several substituted benzoylmethyl bromides were
reacted with 5-substituted benzylidene-6-methyl-
(4H)-pyridazin-3-one to obtain target compounds,
3-ox0-5-benzylidene-6-methyl-(4H)-2-(4-nonsubsti-
tuted /-substituted benzoylmethyl)pyridazines (Illa-
e) (Scheme 1). The chemical structures of the synthe-
sized compounds were confirmed using the spectro-
scopic techniques such as IR, TH-NMR, and elemen-
tary analysis results.

Q—un»,m.g--vcnﬂ_ﬁ...liﬂ-g
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Scheme 1. Synthetic pathway of the compounds
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3.2. Biological Testing

All compounds were subjected to in vivo tests in
order to evaluate their pharmacological activity. The
anti-inflammatory activity was studied by means of
the "carrageenan paw edema", whereas the "acetic
acid writhing" test was used to assess the antinoci-
ceptive activity. The most active compounds were
investigated in details for their EDs values.

The anti-inflammatory activities of test compounds at
100 mg/kg dose were compared with the same dose
of the reference drug phenylbutazone (PBZ). The per-
cent increase in paw thickness measured in carboxy-
methyl cellulose and phenylbutazone pre-treated mi-
ce were found to be 50 = 8 and 122 =+ 7, respectively.
Pre-treatment with all of the test compounds incre-
ased the paw thickness, but the percent increase in
IIla pre-treated mice (56 + 11) was smaller than IIIb,
[Ic, ITId and IIle. Statistical comparison with one-way
analysis of variance followed by Tukey’s multiple
comparison test revealed that percent change in paw
thickness in mice pre-treated with phenylbutazone
and Illa were significantly different from the percent
change in mice that received carboxymethyl cellulose
(p < 0.05; Figure 1). For phenylbutazone and Illa, the
25 mg/kg and 50 mg/kg doses were also tested (Fi-
gure 2). The EDs values of phenylbutazone and Illa
were calculated as 113 mg/kg (95% confidence inter-
val: 65-127 mg/kg) and 112 mg/kg (95 % confidence
interval: 66-124 mg/kg), respectively. These results
show that compound Illa is as much potent as
phenylbutazone.
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Figure 1. The percent change in paw thickness of mice
measured before and 2 h following 2 % carrage-
enan solution into the plantar aponeurosis of
right paw. The pre-treatments were given orally
1 h before the measurements. p < 0.05, compa-
red to the group receiving carboxymethyl cellu-
lose sodium.
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Figure 2. The percent anti-inflammatory activity of
phenylbutazone (PBZ) and test compound Illa
orally administered at 25 mg/kg, 50 mg/kg and
100 mg/kg doses.

The compound Illa that was found to possess anti-
inflammatory activity in the screening test was stu-
died for antinociceptive activity using "acetic acid
writhing" test (modified Koster’s test). Acetylsalicy-
lic acid (ASA) was used as reference drug. CMC Na
was also administered as a control group. All the
compounds were tested at a dose level of 100 mg/
kg. The number of stretching behaviour occurring in
response to intraperitoneal administration of acetic
acid was found to be larger in the group treated with
carboxymethyl cellulose than the groups treated eit-
her with the acetylsalicylic acid or Illa (Figure 3).
Statistical analysis revealed that IIla and CMC Na
groups produced a significant difference (p <0.05) .
In addition, comparison of acetyl salicylic acid and
IIIa was not found to be significantly different. In fi-
gure 4, the percent antinociceptive activity in res-
ponse to 3 different doses of ASA and Illa were de-
monstrated. The EDs values of acetylsalicylic acid
and Illa were calculated as 72 mg/kg (95 % confi-
dence interval: 47.5-97 mg/kg) and 82 mg/kg (95%
confidence interval: 58-132 mg/kg), respectively.
These results show that compound Illa is as potent

as acetylsalicylic acid in terms of antinociception.
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Figure 3. The number of acetic acid induced stretching in
mice that occurred within 10 min. The observa-
tion was started 5 min following administration
of intraperitoneal acetic acid The pre-treat-
ments were given orally 1 h before the measure-
ments. p < 0.05, compared to the group receiv-
ing carboxymethyl cellulose sodium.
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Figure 4. The percent antinociceptive activity of acetyl
salycilic acid (ASA) and test compound Illa
administered at 25 mg/kg, 50 mg/kg and 100
mg/kg doses via oral route.

4, Discussion

In the IR spectra of the compounds Illa-e, it was seen
that the carbonyl absorption bands belonging to
pyridazine ring and ketone group overlapped at
about 1660 cmL. Furthermore, N-H stretching band
belonging to the 5-benzylidene-6-methyl-(4H)-pyri-
dazin-3-one ring disappeared because of N-substitu-
tion. In the TH-NMR spectra of compounds Illa-e the
signal appearing at around 3.7 ppm as singlet
proved the presence of a benzoylmethyl moiety.

It has been proposed that anti-inflammatory activity
is a consequence of inhibition of cyclooxygenase

that catalyses conversion of arachidonic acid into
prostaglandins 2122, In this study, the pharmacolog-
ical experiments performed using carrageenan test
showed that Illa possessed an anti-inflammatory
activity. In the present study, the antinociceptive
effect of compound Illa was also found to be almost
equipotent with acetyl salicylic acid. The compari-
son of EDs values of compound Illa and phenylbu-
tazone in terms of anti-inflammatory effects
revealed that compound Illa is as potent as the ref-
erence drug. Phenylbutazone, a member of the pyra-
zolone group non-steroidal anti-inflammatory drug
is very effective in exerting anti-inflammatory
effects but its hematological adverse reactions limit-
ed its use 23. The mechanism of anti-inflammatory
activity of compound Illa should be examined fur-
ther, one of which is the inhibition of cyclooxyge-
nase. Although inhibition of prostaglandin synthe-
sis is attributed to be the main mechanism of anti-
inflammatory activity, radioligand binding experi-
ments showed that some non-steroidal anti-inflam-
matory agents possess intrinsic glucocorticoid
receptor agonist activity 24 Inhibition of superoxide
formation by non-steroidal anti-inflammatory drugs
is also another pathway to exert the anti-inflamma-
tory effect 25. Collectively, several investigators for-
warded central nervous system mechanisms as one
of the modes of action of some non-steroidal anti-
inflammatory drugs. It was demonstrated that acti-
vation of inhibitory pathways originating from peri-
aquaductal gray matter to the spinal cord mediates
central analgesic effects of metamizol 26. Since opi-
oids and synthetic analogues affect the receptors
present either in the spinal cord or brain, the
antinociceptive activity of these compounds and the
agents having a similar mechanism of action should
be screened by using different experimental setting
using various antagonists like naloxone and differ-
ent reference drugs
(pethidine).

like fentanyl or meperidin

The anti-inflammatory activity of compound IIIb
was found to be less than Illa, so the antinociceptive
activity of IlIb was not tested using the acetic acid
IIId, lc and IIle did not
exert an anti-inflammatory effect, so their antinoci-

induced writhing test.
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ceptive activities were not evaluated using acetic
acid induced stretching behavior. In conclusion,
compound IIla has anti-inflammatory effect as
potent as phenylbutazone and antinociceptive activ-
ity quantitatively similar to acetylsalicylic acid.
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