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Abstract—A new series of 2-arvlamino-6-trifluoromethyl-3-carboxylic acid derivatives was synthesized aud assaved in vivo for their
analyesic properties by means of writhing test in rats. When compared 1o aspirin, ibuprofen and flufenamic acid some of the new
compounds exhibited a comparable or improved analgesic activity and 4 lewer ulcerogenic effeet.

S 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are a
class of compounds characterized by a similar pharma-
cological profile cncompassing  anti-inflammatory,
analgesic and anti-pyretic activities. Theyv are indicated
for the treatment of musculo-skeletal disorders and
other syndromes involving pain.' Despite their well-
known therapeutic efficacy, NSAIDs have the potential
lo cause adverse reactions. especially with regard 1o the
digesiive and the renal system.® The most commen ad-
verse events related to the use of NSAIDs involve the
gastrointestinal (GI) traci. and include a range of dis-
orders, from functional problems such as dyspepsia,
heartburn and abdominal discomfort to GI haemor-
rhage. peptic ulcer and perforation. Epidemiological
studies have shown that approximaiely 10-20% of
NSAID-treated patients have gastroduodenal erosions
or ulcers detected at endoscopy. and 60" of those with
serions Gl complications are on long-term NSAID
therapy.’ Given the vast epidemiological proportions of
the problem of NSAID-induced GI damage, preclinjcal
and clinical researchers have spent substantial efforts
trying to identify the mechanisms responsible for the
therapeuntic and toxic effects of these drugs in order to
devise strategies for effective prevention of GI toxicity.

* Corresponding author, Tel.: +39-0706738645; fax; +39-0706758612:
cemail: tcoccoiunica it

0963-0896/S - see front matter € 3004 Elsevier Ltd. Al righss reserved,

doi: 10,1016/ bme.2004.05.025

Afier Vane first established a link between NSAID
pharmacelogical activity and prostaglandin production
in 1971, subsequent studies have highlighted the central
role of cyclo-oxygenase (COX) inhibition. with sub-
sequent reduction of prostaglandin biosynthesis. in
mediating both clinical efficacy and toxicity. In partic-
ular, NSAIDs inhibit the COX activity of prostaglandin
G/H synthase, the enzyme that mediates the biotrans-
formation of arachidonic acid into a series of prosta-
noids (prostaglanding and thromboxanes). These
compounds display complex biological functions in
several body systems and play a pivatal role in mediat-
ing inflammation and pain.*”’

In the early 1990s, molecular biology studies identified
two COX iscenzymes. named COX-1 and COX-2.
which have diiterent molecular structures and are cn-
coded by different genes.® Subsequent studies showed
that COX-1 is constitutive and catalyses the production
of prostaglandins involved in GI mucosal protection
and other physiological activities, whereas COX.2,
mostly inducible. is responsible for the production of
prostaglanding that mediate inflammation, pain and
fever.® The discovery of these two different COX
isoenzymes has allowed researchers a better under-
standing of the varying degrees of GI toxicity associated
with the use of different NSAIDs by hypothesizing that
COX-2 inhibition is responsible for the therapeutic
cffects of these drugs, whercas the typical adverse reac-
tions are attributable to COX-1 inhibition.®® Recent
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Scheme 1. Synthesis of pyridines 3, Reagents and conditions: (1) ActNH,, MeCN. riz (i) [.1.1-trilluoro-d-iso-butoxy-3-buten-2-one. 60°C.
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Scheme 2. Synthesis of pynidines § and 6. Reagents and conditions: (i)
H:80,. H;O, 100°C: {ii) 20% NaQH. 100°C.
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Scheme 3. Svathesis of pyridine 7g. Reagents and conditions: (i)
DMF DMA, Tolnene, 90°C.
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Scheme 4. Synthesis of pyridines 8g-h. Reagents and conditions: (i)
ArNH.. MeCON. rtr (ii) L1 1-trifluoro-4-ise-butoxy-3-bulen-2-one,
60°C.

Cyanopyridines 4 were the starting materials for the
preparation of pyridine-3-carboxylic acids 5 and pyr-
idine-3-carboxamides 6 (Scheme 2). High vyields of
compounds § were achieved by hydrolysis of derivatives
4 m 50% aqueous sulfuric acid. Sodium hydroxide cat-
alyzed hydrolysis of selected compounds 4 afforded
pyridine-3-carboxamides 6.

Reaction of pyridine-3-carboxylic acid Sg with dimeth-
ylformamide dimethyl acetal (DMF-DMA), in toluene
sotution, afforded the corresponding methyl ester 7g in
80% vield. (Scheme 3).

A chemistry similar to that described in the synthesis of
compounds 4 was used for the preparation ethyl esters 9.

As reported in Scheme 4, ethvl 3-amino-3-ethoxyprop-
enoate 8 was sequentially treated with the appropriate
substituted arvlamine, then with 1.1, 1-trifluoro-d-isa-

butoxy-3-buten-2-onc in MeCN solution to give pyr-
idine derivatives 9.

2.2. Pharmacology

All compounds 4-7. 9 were screened for analgesic
activity using acetic acid writhing test® in rats. Their
aclivity as compared with three clinically used WNSAIDs
drugs namely aspirin (asa), ibuprofen (ibu) and fAufen-
amic acid (flu) (Fig. 1)

The writhing test is a mode] of inflammatory pain that it
has long been used as a screening tool for evaluation of
putative analgesic and anti-inflammatory agenis.®® ¥
Moreover this model has been shown to be ussful in
correlating the ED;p values of NSAID antinociception
in experimental animals with those in humans, 4

After ip administration all compounds 4 and 5. except
for 4a, 4f and Se. induced significant analgesic activity
{at least P < 0.05 as compared 1o vehicle injected rats
{(Fig. 1). The percentage of inhibition of acetic acid-in-
duced writhing (Table 1) revealed that all pyridine-3-
carhonitriles 4. except for 4a and 4f, at the dose of 5mg/
kg displayed a similar analgesic activity induced by
aspirin, ibuprofen and flufenamic acid (Fig. 1 and Table
1), Pyridine-3-carboxylic acids 5f, 5g and Sh induced a
significantly higher analgesic activity as compared to the
reference drugs (P < 0.035, Fig. 1). Acids 5a-3d show
analgesic aclivity comparable to that of reference com-
pounds (Fig. i and Table 1), Otherwise. administration
of compounds Se, 6, 7 and 9 did not induced a signifi-
cant analgesic activity as compared to vehicle injected
rats (Fig. 1 and Table 1).

In order to assess the possible nonspecific sedative or
motor effects of the investigated compounds and to
distinguish analgesia from drug-induced motor changes.
the motor activity ufter ip administration of the most
active compounds was evaluated (Fig. 2). None of the
tested compounds 4 and 5 induced significant motor
changes (Fig. 2) indicating that they give analgesta de-
void of nonspecific sedative ar stimulating eflects.

Successively analgesic activity (Fig. 3) after po admin-
istration of the compounds that have shown analgesic
activity after ip administration (4b. 4c. 4d, de. 4g. 4h. 5a.
Sb, Sc¢, 5d. 51, 5g. Sh) was evaluated. After po adminis-
tration, compounds db—e, dg, dh, Sa—d and 5f-h at the
dose of 10mg/kg demonstrated noteworthy analgesic
activity (at least P < 0.05 as compared to vehicle in-
jected rats, Fig. 3) similar to thal induced by the refer-
ence drugs.
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Figure 3. Stretches induced by ip acetic acid injection in rats pretreated
po (60 min belore) with vehicle, one of the reference drugs or one of the
experimental new compounds (10mg/kg). * P <005 ** P < (0] as
compared te vehicle pretreated rats; £ < 0.05 as compared to ibu-
profen (ibu). aspirin (asa) and flufenamic acid () pretreated rats,

to produce. gastric ulcers compared to those induced by
the three reference drugs. The severity of gastric damage
was expressed as lesion index (Table 2).

Compounds 4b—e, 4g, 4h, Sa—d and 5f-h at the dosc of
160 me/kg induced a significantly lower {compounds 4b.
de. 4e, Sb—d and 5f-h. lesion index between 0.1 and 0.7.
Tabte 2) or no {compounds 4d. 4h and %a. lesion index:
. Table 2) ulcerogenic effect as compared to reference
drugs.

Analysis of all pharmacological data indicates that
analgesic activity appears to be related to some struc-
tural requirements. to the presence of a 3-carboxylic acid
moiety (compounds 5} and to 2-arylaminosubstituents.
In fact the amidation of the carboxyl on 3-position is
detrimental for analgesic activily. As matter of lact if we
consider the most active pyridine-3-carboxylic acid 5g
(percentage of inhibition of acetic acid-induced writhing
97%) the corresponding pyridine-3-carboxamide 6g
shows a 18% percentage of inhibition of acetic acid-in-
duced writhing. The same trend is displayed by less ac-

Table 2, Gastric lesion index induced by an acute administration of
the tested compounds {100 m/ke po)

Compound Ulcer index
ihu 37x5s
asa 58262
flu 4.81%3
4 05402
4¢ 03302
4 a

4e 47402
4g 06£02
+h o

Sa 0

5b 0.1x0.1"
Sc 01701
5 05£02"
5f 030105
5z 0t70.0"
Sh 0.5%0.10"
vehicle o

“F < 0.0] as compared ta ibuprofen tibu). aspirin (asa} and Aufenamic
aeid (Au).

tive compounds as Se (Se: 40%. 6e: 31%). Similarly the
esterification of 3-carboxvlic function leds to the almost
inactive compounds 7g and 9g. Tndependently from the
kind of ester, methylic or cthylic, their values ol per-
centage of inhibition of acetic acid-induced writhing are
about the half of that showed hy the parent acid Sg.
Generally substitntion of 3-curboxylic group with a
cyano moiety led to slight reduction in analgesic activity,
except for compounds Se and de, where this substitution
have an helplul ¢ffect on the activity. The intreduction
of 2-methyl-3-chlorophenylamino or 2-methyt-6-chlor-
ophenylamino functions at 2-position of showed hy
nitriles 4 and acids 5 is effective in inducing strong
analgesic activity. The displacement of chlornne atom
from 5- or 6-position to 4-position on the phenylamino
ring produces variable effects: in nitriles {compound 4f)
is detrimental. while in acids the activity is maintained
{compound 5f). On the contrary displacement of chlo-
rine atomn from 5- or 6-position to 3-position does not
affect activity in nitriles (compound de), while 1t causes a
drop in activity in acids (compeund Sc). When 2-methyl-
6-chlorophenylamino group is replaced by a 2.6-di-
methyiphenylamino meicty as in 4d and Sd the activity is
reduced.

3. Experimental
3.1. Chemistry

Melting points were determined on a Stuart Scientific
Melting point SMP! and are uncorrected. Proton NMR
spectra were recorded on a Varian Unity 300 spec-
trometer. The chemical shift are reported in part per
million (3, ppm) downfield from tetramethylsilane
(TMS). which was used as internal standard. Infraved
spectru were obtained with a Bruker Vector 22 spec-
trophotometer. Elemental analyses were carried out
with a Carlo Erba model 1106 Elemental Analyzer and
the values found were within £ 0.4% of theoretical vai-
Les.

3.1.L. General procedure for the synthesis of 2-arvlamino-
o-trifluoromethylpyridin-3-carbonitriles 4. The appropri-
ate arylamme (10 mmol) was added to a solution of
3-amino-3-ethoxvpropenenitrile 1 (1.10g, 10mimeol) in
anhydrous acetonitrile (20mL). The resulting solution
wis kept at room temperature for 4 davs and then 1,].1-
trifluoro-4-iso-butoxy-3-buten-2-one  (1.96g, 1N mmal)
was added, The resulting mixture was stirred atv room
temperature for 0.5h and then refluxed for 6h. Then
solvent was removed to dryness. The resulting residue
was tritured with isopropyl ether, the obtained solid was
separated by filtration and recrystatlized trom a suitable
solvent,

31.1.1. 2-((2-Methylphenyl}amino)-6-trifluoromethyl-
pyridine-3-carbonitrile 4a. Yield 30%. Mp 138-140°C
fevclohexane). 'H NMR (CDCL): § 2.34 (s, 3H, CH.),
7.08-7.95 {m, 7TH. aryl and NH). IR {(Nujol} 3321, 2233,
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for CuH 1 oClIF:N-0: €, 50.85; H. 3.03: N, 8.47, Found:
C, 50.80; H, 3.07; N, 8.44.

3.1.2.8. 2-((6-Chloro-2-methylphenyl)amino}-6-trifiua-
romethylpyridine-3-carboxylic acid Sh. Yicld 92%. Mp
214-215°C (1oluene). 'H NMR (DMSO-d,): & 2.26 (s.
3H. CH;)x 7.15-8.43 (m, 6H, aryl and NH), 10.38 (s, | H,
OH). TR (Nwol) 3384, 3338, 1668, 1618, 1580,
1541 cm~'. Anal. Caled for C3H,CIF;N.O5: C. 50.85:
H, 3.05: N, 8.47. Found: C, 50.79; H, 3.04; N, 8.31.

3.1.3. General procedure for the synthesis of 2-arvlamino-
6-trifluoromethylpyridine-3-carboxamides 6. The appro-
priate pyridine-3-carbonitrile 4 {10 mmol) was added of
20% aqueous sodium hydroxide solution (10mL). The
resulting mixture wus heated in boiling water bath far
4 h. After cooling the reaction mixture was diluted with
water (50 mL) and the formed precipitate was separated
by filtration, dried and recrystallized from a suitable
solvent,

3.1.3.1. 2-{({3-Chloro-2-methylphenyt}amino)-6-trifluo-
romethylpyridine-3-carboxamide 6e. Yield 86%, Mp 234—
235°C (toluene). 'H NMR (DMSO-d;): 6 2.27 (s, 3H,
CH3:), 7.11-8.44 (m. TH. aryl and NHa.) 10.43 (s, [H,
NH). IR (Nujol) 3488, 3165, 3125, 1663, 1419,
1592em™!. Anal. Cated for CiuH, CIE;N,O: C, 51.00;
H. 336: N, 12,74, Found: C. 50.96; H. 3.37. N, 12.76.

3.1.3.2. 2-({5-Chloro-2-methylphenyl)amino)-6-trifluo-
romethylpyridine-3-carboxamide 6g. Yield 98%. Mp
214-215°C {toluene). '"H NMR (CDCl;) 2.28 (s, 3H,
ClH;). 6.98 (s, 2H. NIHL). 7.00-7.93 (m, SH. aryD), 10.5!
{s, IH. NH). IR {Nujol) 3462, 3184, 1681. 1615em™".
Anal, Caled for C M, CIF,N;O: €, 51.00: H, 3.36; N,
12.74. Found: C, 51.06: H, 3.35 N, 12.70.

3.1.3.3. Methyl 2-((5-chloro-2-methylphenyl)amino)-6-
trifluoromethylpyridine-3-carboxylate 7g. To a solution
of acid Sg (0.83 g, 2.5mmoal) in dry toluene (5mL),
DMF-DMA (0.66 ml.. 5mmao!l) was added. The result-
ing solution was heated at 90°C for 2 h, The sotvent was
removed at reduced pressure obtaining ester. Yield 0%,
Mp 99 100°C {cyclohexane). 'H NMR (CDChL): § 2.34
{s. 3H, CHai), 3.95 (s. 3H, OCH;), 7.01-8.37 {(m, 5H.
aryh, 10.14 (s, [H, NH). IR (Nujol) 1693, 1617. 1390.
1542¢em~!. Anal. Caled for C5H,,CIF;N,0-: €, 52.26;
H. 3.51; N, 8.13. Found: C, 52.31; H. 3.50: N. 8.14.

3.14. General procedure for the synthesis of ethyl 2-
arylamino-6-trifluoromerhylpyridine-3-carboxvlates 9.
The appropriate arylamine (10 mmol) was added to a
solution of ethyl 3-amino-3-ethoxypropenoate 8 (1.60 g,
[0mmol) in  anhydrous acetonitrile (20mL). The
resulting solution was kept at room temperature for
6days and then L.1.1-trifluoro-d-iso-butoxy-3-buten-2-
one (1.96g. [0mmol) was added. The resulting mixture
was stirred at room temperature for 0.5h and then ref-
luxed for 3h. Then solvent was removed to dryness and
the resulting residue was treated with isopropyl ether,

separated by filtration and recrystallized from a suitable
solvent.

3.1.4.1. Ethvl 2-((S-chloro-2-methylphenyl)aming)-6-
trifluoromcthylpyridine-3-carboxylate 9g.  Yield 80,
Mp 116-117°C (hexane). '"H NMR (CDCly): 6 1.44 (t.
J=T71Hz, 3H. CH). 2.37 (s, 3H, CHi) 4.43 (q.
J = T.1Hz. 2H, CH.), 7.04-8.42 (m. SH. arvl}). 10.23 (s,
PHL. NH). IR (Nujol) 3278, 1696. 1619, 1600, 1590cm™'.
Anal. Caled lor C\;HCIFsN-O.: €. 53.57: H, 393, N,
7.81. Found: C. 53,62 H, 3.91: N. 7.77%.

3.1.4.2. Ethyl 2-({6-chloro-2-methylphenyl)amino)-6-
trifluoromethylpyridine-3-carhoxylate 9h. Yield 80%.
Mp 90-91°C (hexane). 'H NMR (CDCh): & 1.44 (,
J=T1Hz. 3H. CHy). 237 (s. 311, CH;). 4.43 (q.
J =T.1Hz, 2H, CH.), 7.04-8.42 (m, 5H. aryt). 10.23 (s,
IH, NH). IR {Nujoi} 3318, 3262, 1693, 1616, 1601,
1587cm . Anal. Caled for CsH i CIFyN.0s: C. 53.57;
H. 393, N. 7.8}, Found: C. 5§3.52; H. 3.94: N. 7.84.

3.1.5. General procedure for the synthesis of 6-amino-5-
cyano-6-arylamino-1,1,1-trifluore-3,3-hexadien-2-oncs 3.
The appropriate arylamine (10 mmol) was added to a
solution of 3-amino-3-ethoxypropenenitrile 1 (1.10g,
[0mmol} m  anhydrous acetonitrile (20mb). The
resulting solution was kept at room temperature for
4days and then l.].1-trifluoro-4-isa-butoxy-3-buten-2-
one (1.96 ¢, 10 mmol) was added. The resulting mixture
was stitred at room temperature for (1.5 h and then ref-
luxed for 3h. Then solvent was removed ta dryness. The
resulting residue was constituted by a mixture of pyri-
dine-3-carbonitriles 4 and 3.5-hexadiencnes 3. These
conmpounds were separated each other by treating the
crude residue with FIOH. 3.3-hexadienones 3 precipi-
tated and were separated by filtration: while pyriding-3-
mitriles 4 were recovered from the ethanolic solution by
removal of solvent.

3151, 6-Amino-S-cyano-6-(3-trifluoromethylphenyl-
amino)-1.1,1-trifluoro-3,5-hexadien-2-one 3b. Yicld 40%.
Mp 109-110°C (cvclohexane). '"H NMR (CDClLy: o
5.44 (s, 2H, NHa}, 7.05-8.09 (m. 6H, aryl. H-3 and H-4).
7.30 (s, 1H, NH). IR (Nujoly 3482, 3374, 3346, 2230,
1649, 1621, 1592 cm~". Anal. Caled for CsHeF4N;O: C,
48.15: M, 2.60; N, 12.03, Found: C. 48.21: 11. 2.59: N,
12,05,

3.1.5.2. 6-Amino-5-cyano-6-(4-trifluoromethylphenyi-
amino)-1,1,1-trifluoro-3,5-hexadien-2-one 3c. Yield 32%.
Mp 84-85°C (cvclohexane). '"H NMR (CDCly): 6 5.40
{s, 2H, NH»), 3.74-7.71 (m, 6H, aryl, H-3 and H-4),
L1173 (s, IH, NH). IR (Nujol) 3485, 3368, 2220, 1646,
1619, 1603, 1575ecm™" . Anal. Caled for CysHyFN;0O: C,
48.15; H. 2.60: N, 12.03. Found: C. 45.10; H. 2.61: N,
12.00.

3153 6-Amino-5-cvano-6-(3-chloro-2-methylphen-
yvlamino)-1,1,1-trifluoro-3,5-hexadien-2-one 3e.  Yield
45%. Mp 114-115°C {hexane). 'H NMR (CDCl:) &
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