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ABSTRACT KEYWORDS
2,4-Pyridinedicarbohydrazide (3) was used in synthesizing several new Pyridine;
heterocyclic compounds with expected potential biological activity, viaits Antibacterial;
reaction with various chemical reagents. A series of bis- Anti-inflammatory;
(arylmethylidene)pyridine-2,4-dicarbohydrazides (4a-€) were synthesized Anti-allergy.

by condensation of (3) with variousaldehydes. Further, replacement of the
dicarbxylic acid functionality of (1) with five membered heterocycles, in
the hope of obtaining additional pharmacological activity, encouraged us
to synthesize some 2,4-bis{ pyrazoly1 (5); pyrazolonyl ( 6); 1,3,4-oxadiazolyl
(), (9), (10), (14); 1,2,4-triazolyl (15) and triazol o[ 3,4-b][1,3,4]thiadiazinyl
(17)} pyridines. The structures of the synthesized productswere identified
by elemental analysis, IR, *H NMR and EIMS spectroscopy. The
synthesized compounds were screened for their in vitro growth inhibiting
activity against different strains of bacteriaand compared with the standard
antibiotic (Chloramphenicol) at triplicate concentration (5, 2.5,1 pg/ml). Also,
they were screend for their in vivo anti-inflammatory activity [% Inhibition
of oedema and % inhibition of plasma prostaglandin (PGE,)] and anti-
alergic activity (anti-histamine). Their toxicity (ALD_ mg kg™ p.o.) and
ulcerogenic (UD_, mg kg™ i.p.) activities were measured and promising
results were obtained. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION dissimilar modeof action which canavoid crossresis-
: _— tanceto known drugs?.
Theextensive useof antibioticshasledto theap- Asthma, inflammation and allergic di areof

pearanceof multi-drug resistant microbial pathogens™.  oyrrent interest®® becausethere are no selective drugs

Thishighlightstheincessant need for thedevelopment  for thetreatment of most of the diseases|ikerheuma:
of new classesof antimicrobial agentsand dterationof (g arthritig4, dlergicrhinitis, psoriasis®s, ulcerative

knowndrugsinsuchway that would allowthemtore-  gjitisand asthma™.

taintheir physiological action, but reducingtheir resis: Pyridine is one of the most popular N-
tance to the pathogens. The design of novel chemo-  heteroaromaticsincorporated intothestructure of many
therapeutic agentsisparticularly beneficia duetotheir  phamapeuticals Also, many naturdly occurring aswell
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as synthetic compounds contai ning the pyridine scaf-
fold exhibitinteresting pharmacol ogica properties®.
Among these pyridinederivativeswerefound to have
antimicrobid™?, anti-hypertensive™, cardiovasculart?,
anti-inflammatory, analgesic, antipyretic properties™ as
well as 1IKK-inhibitor properties4.

Inthe present work, as part of our ongoing devel-
opment of efficient protocol sfor the preparation of bio-
logicdly active heterocyclesfrom common intermedi-
ates, keegpinginmindthebiologica activity of the pyri-
dinederivativesand our continuing interest inthe prepa-
ration and pharmacol ogical evaluation of pyridinede-
rivatives®>1, pyridinedicarboxylic acids*®? and 2,4-
disubstitutedpyridinesd?4, wereport the synthesis,
characterization, antibacterial, anti-inflammatory and
anti-allergic activities of a new series of 2,4-
dishdtitutedpyridines.

RESULTSAND DISCUSSION

2,4-Pyridinedicarbohydrazide (3), thekey inter-
mediatefor thiswork, wasreadily available, in 90%
yield, via esterification of (1) to get 2,4-
dimethoxycarbonylpyridine (2), followed by thetresat-
ment of (2) with hydrazine hydratein methanol. The
N2,N*-bis-(arylmethylidene)pyridine-2,4-
dicarbohydrazide derivatives (4a-€) were prepared
by acid catalyzed condensation of (3) with the appro-
priate aromatic al dehydesin ethanol®, The structures
of (4a-e) were confirmed by their elemental analyses
and spectral (MS, IR and *H NMR) data. For ex-
ampletheir 'H NMR revealed, in each case, achar-
acteristicsignd intheregion 6 7.98-8.07 ppm assign-
abletothe-N=CH protons. Their IR spectrashowed
the characteristic band for the N-H stretch of the hy-
drazonegroup intheregion 3291-3257 cm™* (scheme
1).

Pyrazoles belong to an important class of com-
pounds which possessawidevariety of pharmaceuti-
cal and agrochemical propertied?621. The main syn-
thetic method used to prepare pyrazolesinvolvesa[ 3+2]
cyclization suchastheclassica 1,3-diketonewith hy-
drazines®?, |n the present investigation, 2,4-
pyridinedicarbohydrazide (3) was condensed with 2,4-
pentanedione and ethyl acetoacetate readily, on heat-
ing without solvent, to afford the corresponding 2,4-
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bis-[(3,5-dimethyl-1H-pyrazol-1-yl)-N-
carbonyl] pyridine (5) and 2,4-bis-[ (3-methyl-1H,2H-
pyrazol-5-onyl)-N-carbonyl]-pyridine(6), respectively.
A number of 1,3,4-oxadiazolederivativeshavebeen
reported to exert most notable antimicrobia and anti-
inflammatory activities®™. Moreover 1,3,4-
oxadiazoloneshavefungicida, herbicidd, ant-inflam-
matory, anal gesic and antipyretic activitiessY, In addi-
tion 1,2,4-triazolederivatives exhibited pronounced
antibacterid, antifungd, and gesic and anti-inflammatory
activities®. These observations prompted usto syn-
thesize some 1,3,4-oxadiazolesand their bioisosteric
analogues 1,3 4-thiadiazolesaswell as1,2,4-triazole
derivatives. Thus, the 2,4-bis-(1,3,4- oxadiazol-2-
yl)pyridine (7) was synthesized by condensing 2,4-
pyridinedicarbohydrazide (3) with triethyl orthformate
in DMFE. Reaction of (3) with benzoyl chlorideindry
pyridine gave (8), which wascyclized to 2,4-bis-(5-
phenyl-1,3,4-oxadiazol-2-yl)pyridine (9) by theaction
of PPAn54%yield. ThelR spectraof (7) and (9) are
devoid of both amideand amino bandsof (3); dsotheir
'H NMR spectrareveal ed the absence of signalscor-
responding to NH protonsin addition to the expected
signalsat 6=6.92 ppm for oxadiazolyl protonsof (7)
and phenyl protons at 6= 7.22-7.54 ppm for (9) be-
Sidethoserepresenting the pyridine moiety.
Thereaction of dicarbohydrazide (3) with carbon
disulfidein the presence of potassum hydroxidegave
different products depending on the reaction medium
andtemperature. That, performingthereactionin ether
at ambient temperatureled to the formation of the po-
tassum sdt (10), meanwhileinrefluxing ethanol the2,4-
bis-[(4,5-dihydro-5-thioxo-1,3,4-oxadiazol-2-
yl)]pyridine (11), which wasreadily obtained by reflux-
ing (10) in ethanolic potassium hydroxide solution
(scheme 2). The IR and *H- NMR spectra of (11)
showed its presence as tautomeric thione- and thiol -
forms. TheIR spectrum (KBr) included C=Sband at
1357 cmrt aswell asNH stretching vibrationsat 3294
cmt, whichiscompatiblewithitspresenceinthethione-
form structure. The 'H NMR spectrum showed the
thiol-protons (SH) asasinglet (2H) a 3.56 ppmwhich
was disappeared on deuteration. Reaction of the po-
tassum sat (10) with phenacyl bromideinrefluxed ethe-
nol proceeded through intermediate (12), which under-
went intramolecular cycdlizationto afford (13) by elimi-
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nation of water molecul e rather than the expected in-
tramolecular cyclization by elimination of H,Smolecule
to give (14). Theformation of (14) wasachieved by
reaction of (11) with phenacyl bromidein the presence
of anhydrousK,CO,.

The 1H-1,2,4-triazole compounds are cons dered
interesting heterocycles since they possessimportant
pharmacological activitiese.g. N-aminotriazolesare
useful intermediatesfor the preparation of compounds

0. _OH
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with anti-inflammatory, anti hypertensiveand herbicidal
properties® 1, Treatment of thedipotassium salt (10)
with hydrazine hydratein ethanol afforded 2,4-bis-[4-
amino-3-thioxo-4H-1,2,4-triazol-5-yl | pyridine (15).
The structure of (15) wasbased on analogy™®?, andits
spectral datae.g. *H NM R spectrum showed two sin-
gletsat 6 5.34 (4H) and 8.57 ppm (2H), which were
disappeared on deuteration, assignableto theamino
and imino protons. Furthermore, the structure of (15)
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was also confirmed by itsindependent synthesizevia In accordancewith previousfindings by Sasaki et
the condensation of (11) with hydrazinehydrateinre-  al 7, condensation of (14) with hydrazinehydratein
fluxed aceticacid. refluxed acetic acid gaveriseto 2,4-bis-[6-phenyl-7H-

a, C%. KOH. ether, RTh. CS. KOH. EtOH:c, KOH, EtOH;
d. PhCOCHBr. EtOH:e. PhCOCHBr. KC O3, ether: f NHLONH, H,O, EtOH;
g NILNH,. H,O. AcOH: h, PhCOCHBr, EtOH.

Scheme 2
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s-triazol o[ 3,4-b][ 1,3,4]thiadiazin-5-yl] pyridine (17).
ThelR spectrum of (17) showed the absence of car-
bonyl band of (14), its*H NMR spectrum showed a
singlet (4H) at 6 4.15 ppm and its mass spectrum
showed themolecular ion peak at 507 corresponding
toitsmolecular formulaC.H,_N_S,. Theproduct (17)
was further proved by an independent synthesize by
treatment of (15) with phenacyl bromidein refluxed

ethanol viatheintermediate (16).
Antibacterial activity
Antibacterid activity of theobtained productswere

= Fyl| Peper

studied against gram +ve bacteria (Saureus and
B.subtillus), and gram —ve bacteria (E.coli and
P.aureginosa) at triplicate concentrations (5, 2.5and 1)
mg/ml in DMF asasolvent by singledisc method using
Chloramphenicol asastandard antibacterid agent. The
hydrazone products (4a-€) showed to bemoreactivethan
thar rdevant hydrazide(3), witharemarkabl ebroad anti-
microbia reactivity of theproduct (4c). Except product
(4c), nonewasparticularly effectiveagaing thetested or-
ganiams but itisnotedthet theproductsinhibited thegrowth
of B.aubtilistodifferent extents (evenlessthanthestan-
dard). Theseresultsare presentedin (TABLE 1).

TABLE 1: Theantibacterial activity of thetested products

S. aureus B. subtilis E. coli P. aureginosa
Sample
Concentration mg/mL mg/mL mg/mL mg/mL

5 25 1 5 25 1 5 25 1 5 25 1

3 + 0 0 ++ + + + 0 0 + 0 0
4a 0 0 0 ++ ++ + + + 0 0 0 0
4b + + 0 ++ + + + 0 0 + 0 0
4c +++ ++ + +++ ++ + ++ ++ + ++ + +
4d + 0 0 ++ + + ++ + + ++ + +
4e + + 0 ++ ++ + ++ + 0 + + 0
5 + 0 0 + + + + + 0 + + 0
6 ++ + + ++ ++ + 0 0 0 0 0 0
7 ++ + + ++ ++ + ++ + 0 + + 0
8 + 0 0 ++ ++ + + 0 0 + 0 0
9 0 0 0 ++ + + ++ + + 0 0 0
11 0 0 0 ++ ++ + ++ ++ + + 0 0
13 0 0 0 ++ + + ++ + 0 0 0 0
14 + + 0 ++ ++ ++ ++ ++ + + + 0
15 + 0 0 ++ ++ + ++ +++ ++ + + 0
17 ++ + 0 ++ ++ ++ ++ ++ + ++ + +
St ++ ++ ++ +++ +++ ++ +++ +++ ++ ++ ++ ++

<. = Reference standard; Chloramphenicol was used as a standard antibacterial agent

The test was done using the diffusion agar technique.
Well diameter: 0.6 cm (100 pL each concentration was tested).

(1) Inhibition values = 0.1-0.5 cm beyond control = +; Inhibition values = 0.6-1.0 cm beyond control = ++
(2) Inhibition values = 1.1-1.5 cm beyond control = +++; 0= Not detected.

Phar macology

Random screening of compounds and reference
drug, Diclofenac potassium, wasperformed a two dose
levels2.5 & 5mgkg? p.o. All thetested compounds
showed potent anti-inflammatory activitieswith potent
prostaglandin inhibition at thetwo doselevel stested.
They aremore potent than Diclofenac potassium and
thedegree of potency indescending order is(13), (11),

(4d), (5), (9). (6), (4e), (4d), (15), (17), (4c), (14),
(4a), (7), (4b).

Theevauationacutetoxicity (LD, ) of tested com-
pounds of this seriesshowed values above 987 mg kg
1 p.o., with maximumin compound (4b) (2457.87 mg
kg p.o). All theresultsaredepictedin TABLE 2.

Theulcerogenic activity (UD_ mgkg™i.p.) of the
tested compounds and Diclofenac potassum are men-

— @)u;am'c CHEMISTRY
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tionedin TABLE 2. All compoundsaresafer thanin-
domethacin dueto high ul cerogenic causing dosesthat
were above 101 mg kg i.p. (the standard 66.70 mg
kgti.p.).

All thetested products have beeninvestigated for

their anti-allergy activity. No anti-alergic activity was
observed for the tested products except compounds
(17) and (5) that are 33% and 28% compoundsrela-
tivetotheanti-dlergicadtivity of Loratadine[(Clorinix®),
(71%)] (TABLE 2).

TABLE 2: Acutetoxicity, ulcerogenic, anti-inflammatory and antialler gicactivity results

Acute toxicity (AL Dy m Anti-inflammatory activity Antiallergy activity
Compd kg‘lil).o.) M3 yicerogenic activity (UDsomg ™ Dose % % Inhibition o L
kg™i.p.) mgkg™ Inhibition  of plasma °Cor;]t'ra'ct'i°:n n

p.o. of oedema PGE,

4a 2345.87 188.40 2:5 82.98 76.15 NA
5 87.98 85.32
2.5 81.09 75.89

4b 2457.87 199.40 NA
5 85.44 84.87
2.5 85.78 80.00

4c 1422.99 208.60 NA
5 89.67 86.07

4d 1213.55 201.16 2.5 87.67 82.40 NA
' ' 5 91.22 88.69
2.5 88.76 83.98

4de 1079.14 211.09 NA
5 94.98 90.00
2.5 91.16 86.89

4d 998.98 113.20 NA
5 97.98 93.00

5 2135.88 185.88 2.5 90.98 85.31 28
' ' 5 96.89 92.09
2.5 89.67 84.87

6 1833.44 144.90 NA
5 95.99 91.08

7 978.88 103.20 2:5 81.16 76.89 NA
5 87.98 83.00
2.5 89.14 87.98

9 1177.64 133.28 NA
5 95.96 93.00
2.5 92.23 87.44

11 1079.98 128.90 NA
5 98.67 93.00

13 987.67 123.89 2:5 94.20 88.17 NA
5 99.88 93.60
2.5 83.89 77.98

14 1613.89 198.70 NA
5 88.98 86.00
2.5 84.16 79.89

15 987.86 101.22 NA
5 90.98 85.00

17 1513.67 234.00 2:5 86.98 81.67 33
5 90.00 87.66
2.5 77.00 72.00

Stl 2345.87 66.70 5 80.12 81.40 -
St 2 - - - - - 71

S 1: Diclofenac Potassium (anti-inflammatory standard); S 2: Loratadine (anti-allergy standard); NA: no activity.

EXPERIMENTAL

Meélting pointswere determined in open glass cap-

illariesusing an Electrotherma 1A 9000 SERIES digital
melting point apparatus (El ectrothermd, UK) and are
uncorrected. Microanalyses were performed on an
Elementar-Vario EL (Elementar-Vario EL, Germany)

Onganic CHEMISTRY o
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(Micro-analytical Unit, Central ServicesLaboratory,
Nationa Research Centre, Cairo; Egypt). ThetHNMR
spectrawererecorded on aVarian Mercury V X-300
NMR spectrometer (Varian, USA). *H NMR spectra
wereruna 300 MHzin DM SO-d, assolvent. Chemi-
cal shiftsé arequoted in ppm and wererel ated to that
of the solvents. Mass spectra were recorded on a
Shimadzu GCM S-QP 1000EX (El, 70eV) (Shimadzu,
Japan) and Hewlett-Packard (El, 70 eV) (Hewlett-
Packard, USA). IR spectra were obtained with a
Brucker-Vector 22 (Bruker Rhein-Setten, Germany).
Thepurity of the obtained products and thefollow up
of thereactionswas checked by their chromatographic
behavior (TLC) usingsilicagel duminum sheets60F,,
(Merck).

2,4-Dimethoxycar bonylpyridine(2)

A stream of dry hydrogen chloridegaswasdlowed
to pass through a suspension of 2,4-
pyridinedicarboxylic acid (10 g; 60 mmol) in absolute
methanol (250 ml) till aclear solution was obtained.
Theresulted solution wasrefluxed for 5hand the sol -
vent wasdistilled off. Theresduewasdissolved inwater
and neutralized with 1N sodium bicarbonate solution.
The crude product was extracted with ether and the
ether extract wasdried over anhydroussodium sulfate.
The solvent was evaporated under reduced pressure
and the obtained residue was crystallized from petro-
leum ether (40-60°C) to give 2,4-
dimethoxycarbonyl pyridine (2), aswhite needles, m.p.
59 - 60°C [Lit.[38] 58°C], yield 11.2 g (95%).

2,4-Pyridinedicar bohydrazide(3)

Hydrazine hydrate (8 ml) was added to asolution
of (2) (9.75g, 50 mmol) in hot methanol (150 ml). The
reaction mixturewasrefluxed for 3h and |l eft to cool.
The separated solid was collected by filtration and crys-
tallized to afford 8.9 g (90%) of (3) asaydlowishwhite
powder, m.p. 251 - 253°C (from DMF/ H,O) [Lit.[38]
256°C (from ethanal)].

N2, N4-Bis-(arylmethylidene)pyridine-2,4-
dicarbohydrazide (4a-€)
General procedure

Toamixtureof 2,4-pyridinedicarbohydrazide (3)
(0.59 g, 3 mmol) and the appropriate aldehydes

—= Py/] Paper

(namely; 4-methoxybenzal dehyde, 4-
fluorobenza dehyde, 2,4-dihydroxy-benzal dehyde, 2-
thiophened dehyde and 2-furand dehyde) (6 mmol) in
ethanol (50 ml), few drops of acetic acid were added
and thereaction mixturewasrefluxed for 3h and then
cooled. The precipitate wasfiltered off, washed with
water, ethanol and crystallized from the appropriate
solvent to givethe corresponding hydrazone deriva-
tives(4a-e).

N2, N*-Bis-(4-methoxyphenylmethylidene) pyri-
dine-2,4-dicarbohydrazide (4a)

Asapaleyelow powder; yield 1.2 g (92%), m.p.
240 - 242°C (from DMF/H,0). IR (KBr) vem™: 3272
(NH), 1638 (CO); 'H NMR (TMS, DMSO-d,) d
(ppm): 3.68 (s, 6H, CH.,), 6.94-7.63 (m, 8H, Ph-H),
8.01(s, 2H,-N=CH), 8.18(d, 1H, pyridine-H,), 8.91
(s, 1H, pyridine-H,), 9.26 (d, 1H, pyridine-H,), 10.37
(s, 2H, NH, D,O-exchange, disappear). Anal. for
C,,H,,N.O, (431.44) Calcd.: C, 64.03; H, 4.91; N,
16.23; Found: C, 63.97.88; H, 4.83; N, 16.40. MS
(m/z, relative abundance): 352 (M*+1, 54%), 133
(100%).

N2, N*-Bis-(4-fluor ophenylmethylidene)pyridine-
2,4-dicarbohydrazide (4b)

Asayellowish white powder; yield 1.1 g (87%),
m.p. 261 - 263°C (from dioxane/H,0O). IR (KBr) v
cm?t: 3262 (NH), 1642 (CO); *H NMR (TMS,
DMSO-d)) d (ppm): 7.31-7.76 (m, 8H, Ph-H), 8.07
(s, 2H, -N=CH), 8.21 (d, 1H, pyridine-H,), 8.96 (s,
1H, pyridine-H,), 9.32 (d, 1H, pyridine-H,), 10.22 (s,
2H, NH, D,0O-exchange, disappear). Anal. for
C,H,F,N.O, (407.37) Cacd.: C, 61.91; H, 3.71;
N, 17.19; Found: C, 61.84; H, 3.62; N, 17.12. MS
(m/z, relative abundance): 408 (M*+1, 9%), 105
(100%).

N2,N*-Bis-(2,4-dihydr oxyphenylmethylidene) py-
ridine-2,4-dicarbohydrazide (4c)

Aswhitecrystals; yield 0.52 g (40%), m.p. 290 -
292°C (from dioxane/H,0). IR (KBr) v cm™: 3257
(NH), 1662 (CO); 'H NMR (TMS, DMSO-d,) &
(ppm): 6.87-7.3(m, 6H, Ph-H), 8.02 (s, 2H, -N=CH),
8.18(d, 1H, pyridine-H,), 8.89 (s, 1H, pyridine-H,),
9.23(d, 1H, pyridine-H,), 10.1 (s, 2H, NH, D,O-ex-

—— @)u;am'c CHEMISTRY
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change, disgppear), 11.87 (s, 4H, 40H, D, O-exchange,
disappear). Andl. for C, H,_N.O, (435.39) Calcd.: C,
57.93; H, 3.94; N, 16.09; Found: C, 57.88; H, 4.01;
N, 15.89. MS (m/z, relative abundance): 352 (M*+1,

14%), 105 (100%).

N2, N*-Bis-(2-thienylmethylidene)pyridine-2,4-
dicar bohydrazide (4d)

Asydlow crystds; yield 0.76 g (66%), m.p. 276 -
278°C (from ethanal). IR (KBr) v cm: 3291 (NH),
1639 (CO); '*H NMR (TMS, DMSO-d,) & (ppm):
7.03(dd, 2H, thiophene—H,), 7.31 (d, 2H, thiophene-
H.,), 7.50 (d, 2H, thiophene-H,), 7.98 (s, 2H, -
N=CH), 8.18 (d, 1H, pyridine-H,), 8.84 (s, 1H, pyri-
dine-H,),9.18(d, 1H, pyridine-H,), 10.87 (s, 2H, NH,
D,O-exchange, disappear). And. for C_H,,N.O,S,
(383.45) Cdlcd.: C,53.25; H, 3.42; N, 18.26; S, 16.72,
Found: C, 53.31; H, 3.49; N, 18.19, S16.68; MS (m/
z, rdativeabundance): 384 (M*+1, 72%), 133 (100%).

N2, N“-Bis(2-furylmethylidene)pyridine-2,4-
dicarbohydrazide (4e)

Asbrownish yellow crystals, yield 0.6 g (58%),
m.p. 255 - 257°C (from ethanol). IR (KBr) v cm™:
3263 (NH), 1644 (CO); 'H NMR (DMSO-d,), 6
(ppm): 6.54 (dd, 2H, furan-H,), 6.72 (d, 2H, furan-
H,), 7.74 (d, 2H, furan-H,), 8.01 (s, 2H, -N=CH),
8.18(d, 1H, pyridine-H,), 8.86 (s, 1H, pyridine-H,),
9.21 (d, 1H, pyridine-H,), 10.4 (s, 2H, 2NH, D,0O-
exchange, disappear). And. for C_H,.N.O, (351.32)
Calcd.: C,58.12; H, 3.73; N, 19.93; Found: C, 58.20;
H, 3.81; N, 20.01. MS (m/z, rel ative abundance): 352
(M*+1, 34%), 105 (100%).

2,4-Bis-[(3,5-dimethyl-1H-pyrazol-1-yl)-N-
carbonyl)]pyridine(5)

A mixture of 2,4-pyridinedicarbohydrazide (3)
(0589, 3mmoal) and 2,4-pentanedione (0.6 ml, 6 mmoal)
was heated on asteam bath for 5h. Thereaction mix-
turewas cooled, triturated with petroleum ether (60-
80°C) then with diluted HCI and water. Theformed
precipitate wasfiltered off, dried and crystallized from
2-propanol to giveawhite powder identified as5, yield
0.52 g (54%), m.p. 139 - 141°C. IR (KBr) v cm™®:
1697 (CO); '*H NMR (TMS, DMSO-d,) & (ppm):
2.93 (s, 12H, CH,), 6.85 (s, 2H, pyrazole-H), 8.24
(d, 1H, pyridine-H,), 8.98 (s, 1H, pyridine-H,), 9.34

@Wu'c CHEMISTRY co—

(d, 1H, pyridine-H,). Anal. for C ,H,.N.O, (323.35)
Cdcd.: C, 63.15; H, 5.30; N, 21.66; Found: C, 63.22;
H,5.24; N, 21.73. MS (m/z, relative abundance): 352
(M*+1, 94%), 105 (100%).

2,4-Bis-[(3-methyl-2H-pyrazol-5-onyl)-N-
carbonyl)]pyridine(6)

Synthesis of (6) was performed as described for the
synthesisof (5). Compound (6) wasobtained from (3)
(0.58 g, 3 mmol) and ethyl acetoacetate (0.78 g &’
0.76 ml, 6mmol) asawhite powder; yidd 0.62 g (63%),
m.p. 197 - 199°C (from methanal). IR (KBr) v cmr:
3241 (NH), 1691, 1664 (CO); 'H NMR (TMS,
DMSO-d)) 6 (ppm): 1.84 (s, 6H, CH.,), 6.05 (s, 2H,
pyrazole-H), 8.12 (d, 1H, pyridine-H,), 8.82 (s, 1H,
pyridine-H,), 8.97 (d, 1H, pyridine-H), 8.86 (s, 2H,
NH, D,O-exchange, disappear). And. For C ;H ,N.O,
(327.29) Cdlcd.: C, 55.05; H, 4.00; N, 21.40; Found:
C,55.14; H,3.96; N, 21.47. MS (m/z, relative abun-
dance): 328 (M*+1, 100%).

2,4-Bis-(1,3,4-oxadiazol-2-yl)pyridine(7)

A mixture of (3) (0.58 g, 3 mmol) and ethyl
orthoformate (2.2 ml, 15 mmol) inDMF (5 ml) was
refluxed for 3h, left to cool and poured onto crushed
ice. Theseparated solid wascollected by filtration, dried
and crystallized to afford (7) aspale yellow powder.
Yield 0.43 g (67%), m.p. 287 - 289°C (from ethanol/
H,0). IR (KBr) v cm™: 3061 (CH-aromatic), 1623
(C=N); 'H NMR (TMS, DMSO-d,) & (ppm): 6.92
(s, 2H, oxadiazole-H), 7.34 (d, 1H, pyridine-H,), 8.15
(s, 1H, pyridine-H,), 8.55(d, 1H, pyridine-H,). Anal.
for C;H,N.O, (215.17) Calcd.: C,50.24; H, 2.34; N,
32.55; Found: C,50.17; H, 2.29; N, 32.47. MS(m/z,
relative abundance): 216 (M*+1, 9%), 78 (100%).

2,4-Bis-(benzoylcar bohydrazido)pyridine(8)

A stirred cold solution (-5- 0°C) of (3) (1.16 g, 6
mmol) indry pyridine (15 ml) wastreated with benzoyl
chloride(1.68 ml; 12 mmol) and gtirring was maintained
for 1hr at sametemperature. Thereaction mixturewas
then heated on awater bath for 1hr and poured onto
crushedice. Theseparated solid, on addition of diluted
HCI, wascollected by filtration and crystallized to give
(8) aswhitecrystals. Yield: 2.12 g (92%), m.p. 263 -
265°C (from ethanol/H,0). IR (KBr) v cm™: 3227,
3116 (NH), 1653 (CO). Anal. for C,_H._N_.O

21 17 574
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(403.39) Cdlcd.: C, 62.53; H, 4.25; N, 17.36; Found:
C,62.57;H,4.37; N, 17.42. MS (m/z, relative abun-
dance): 204 (M*+1, 100%).

2,4-Bis-(5-phenyl-1,34-oxadiazol-2-yl)pyridine(9)

Polyphosphoricacid (PPA) (15 g) wasstirred and
heated at 140-150°C then (8) (1.5 g, 3.5 mmol) was
added in portions. The reaction mixture was kept at
sametemperaturefor 2h, cooled and poured ontoiice.
The separated solid, on addition of diluted ammonia
solution, wasfiltered off, washed withwater and crys-
tallized to afford (9) as pal e greenish powder. Yield:
0.74 g (54%), m.p. 289 - 291°C (from dioxane/H,O).
IR (KBr) vcm™: 3061 (CH-aromatic), 1623 (C=N);
'H NMR (TMS, DMSO-d,) 6 (ppm): 7.22-7.54 (m,
11H, Ph-H + pyridine-H,), 8.14 (s, 1H, pyridine-H,),
8.54 (d, 1H, pyridine-H ). Anal. for C,H,,N.O,
(367.36) Cdcd.: C, 68.66; H, 3.57; N, 19.06; Found:
C,68.57; H,3.45; N, 19.13. MS(m/z, relative abun-
dance): 368 (M*+1, 38%), 77 (100%).

24-Pyridinedithiocar bazatedipotassum salt (10)

Potassium hydroxide (2.80 g, 50 mmol) wasadded
in portions to a stirred suspension of 2,4-
pyridinedicarbohydrazide (3) (4.88 g, 25 mmoal) in di-
ethyl ether (200 ml) at 0°C. After stirring for 30 min,
carbon disulfide (4.6 g, 60 mmol) was added drop-
wise at 0-10°C over 1h, an orange solution was ob-
tained. Thereaction mixturewas stirred at room tem-
peraturefor 3handleft overnight. Thesolid thusformed
was collected by filtration, washed with diethyl ether
and dried under reduced pressure at room tempera-
ture. The potassium salt was obtained in 7.9 g (75%)
yield and wasused without further purification.

2,4-Bis-[(2(3H)-thioxo-1,3,4-oxadiazol-5-
yh)]pyridine(11)
Method A

A solution of potassium hydroxide (3.92 g, 70
mmol; in water 20 ml) was added to awell stirred
suspension of 2,4-pyridinedicarbohydrazide (3) (5.86
g, 30 mmol) in ethanol (200 ml). To thestirred red-
dish solution, carbon disulfide (15 ml, excess) was
added in portions at room temperature. Thereaction
mixture wasrefluxed on awater bath for 3h then left
to cool. The separated solid was collected by filtra-
tion, washed with water, dried and crystallized to af -
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ford (11), Yield: 5.9 9 (72%), m.p. 257 - 259°C (from
dioxane/H,0). IR (KBr) i cm™: 3061 (CH-aromatic),
1623 (C=N); '*H NMR (TMS, DMSO-d,) d (ppm):
3.56 (s, 2H, SH, D,O-exchange, disappear), 7.71
(d, 1H, pyridine-H,), 8.14 (s, 1H, pyridine-H,), 8.78
(d, 1H, pyridine-H ). Anal. for CH.N_O,S, (279.3)
Calcd.: C,38.70; H, 1.80; N, 25.07; S, 22.96; Found:
C, 35.78; H, 1.84; N, 25.13; S, 22.89. MS (m/z,
relative abundance): 279 (M*, 100%), 280 (M*+1,
15%), 279 (M*+2, 8%).

Method B

Toadtirred solution of thepotassum sat (10) (4.24
g, 10 mmol) in ethanol (96%, 100 ml), asolution of
KOH (1.68 g, 30 mmol) in water (10 ml) was added
and thereaction mixturewasrefluxed for 2h. There-
sulted solution was|eft to cool, poured onto ice-water
and then acidified with IN HCI. Theresulted solid was
collected by filtration, washed with water, dried and
crystallized from aqueousdioxaneto give (11) asiden-
tified by m.p.’s and mixed m.p. and their same chro-
matographic behavior (TLC).

N2,N*-Bis[4-phenyl-2-thioxothiazol-3(2H)-
yl]pyridine-2,4-dicar boxamide (13)

Phenacyl bromide (1.2 g, 6 mmol) wasaddedtoa
solution of the potassium salt (10) (1.28 g, 3mmol) in
ethanol (50 ml). Thereaction mixturewasrefluxed for
3h, left to cool and poured onto crushed ice. The ob-
tained solid wasfiltered off, washed with water, dried
and crystallized to give (13) aswhitecrystals. Yield:
0.9 g (55%), m.p. 233 - 235°C (from dioxane/H,0O).
IR (KBr) v.cmt: 3356 (NH), 1652 (CO); 'H NMR
(TMS, DMSO-d,) d (ppm): 6.73 (s, 2H, thiazole-H),
7.22-7.38(m, 10H, Ph-H), 8.18 (d, 1H, pyridine-H,),
8.79 (s, 1H, pyridine-H,), 9.15(d, 1H, pyridine-H ),
10.12(s, 2H, NH, D, O-exchange, disappear). Anal.
For C,H,,N.O,S, (547.69) Calcd.: C, 54.82; H,
3.13; N, 12.79; S, 23.42; Found: C, 54.85; H, 3.17;
N, 12.85; S, 23.48. MS (m/z, rel ative abundance): 548
(M*+1, 7%), 105 (68%), 77 (100%).

2,4-Bis-[2-(phenylethanon-1-yl)thio-1,3,4-
oxadiazol-5-yl|pyridine 14

A mixtureof (11) (0.84 g, 3mmol), phenacyl bro-
mide (1.2 g, 6 mmol) and anhydrousK,CO, (1.29,9
mmol) in dry ether (100 ml) wasrefluxed on awater
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bath for 3h. The solvent was distilled off and the ob-
tained res duewastresated with water and | eft overnight
a roomtemperature. Theformed solid wasfiltered off,
washed withwater, dried and crystallized to give (14)
aswhitepowder. Yield: 0.9 g (55%), m.p. 161 - 163°C
(decomp.) (from agueous dioxane). IR (KBr) vem:
1667 (CO); *H-NMR (TMS, DMSO-d,) & (ppm):
4.32 (s, 4H, CH,), 7.37-7.73 (m, 11H, Ph-H + pyri-
dine-H,), 8.14 (s, 1H, pyridine-H,), 8.79 (d, 1H, pyri-
dine-H). Anal. For C,.H,.N.O,S, (515.56) Calcd..
C, 58.24; H, 3.32; N, 13.58; S, 12.44; Found: C,
58.35; H, 3.27; N, 13.64; S, 12.38. MS (m/z, relative
abundance): 515 (M*, 3%), 177 (35%), 119 (23%),
77 (100%).
2,4-Bis-[4-amino-3-thioxo-4H-1,2,4-triazol-5-
yl]pyridine(15)

Method A

Toasolution of thedipotassum salt (10) (2.12g,5
mmol) inethanol (50%, 50 ml) hydrazinehydrate (80%,
3 ml, excess) was added. The reaction mixture was
refluxed for 3h, left to cool, poured onto crushed ice.
Thesolid so obtained wascollected by filtration, washed
withwater, dried and crystdlizedto give (15) asawhite
powder. Yield: 1.15 g (75%), m.p. 212 - 214°C
(decomp.) (from agueous dioxane). IR (KBr) vem:
3294, 3144 (NH), 1631 (C=N); 'H NMR (TMS,
DMSO-d,) 5 (ppm): 6.14 (br s, 4H, NH,, D,O-ex-
change, disappear), 7.73 (d, 1H, pyridine-H,), 8.17
(s, 1H, pyridine-H,), 8.81 (d, 1H, pyridine-H ), 9.21
(s, 2H, NH, D,O-exchange, disappear). And. For
C,H NS, (307.36) Calcd.: C, 35.17; H, 2.95; N,
41.01; S, 20.86; Found: C, 35.21; H, 2.89; N, 41.11;
S, 20.79. MS (m/z, relative abundance): 307 (M*,
19%), 308 (M*+1, 5%), 310 (M*+2, 1.2%), 105
(100%).

Method B

Hydrazine hydrate (80%, 3 ml) was added to a
solution of (11) (0.89g, 3mmol) inglacial acetic acid
(10 ml) and the reaction mixture wasrefluxed for 2h,
left to cool then poured into amixture of ice and so-
dium bicarbonate. The separated solid was collected
by filtration, washed with water, dried and crystallized
fromagueousdioxanetogive(15) asidentified by m.p.’s
and mixed m.p. and their same chromatographic be-
havior (TLC).
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2,4-Bis-[6-phenyl-7H-s-triazolo[3,4-
b][1,3,4]thiadiazin-5-yl]pyridine(17)

Method A

A mixtureof (14) (1.55g, 3mmol) and hydrazine
hydrate (3 ml, excess) inglacid aceticacid (25 ml) was
heated under reflux for 5h. Solvent wasdistilled off un-
der reduced pressureto itshalf volumeand thereac-
tion mixturewasleft to cool then pouredinto amixture
of iceand sodium bicarbonate. The obtained product
was separated by filtration, washed with water thor-
oughly then crystallized from 2-propanol to afford (17)
aswhitefinecrystals. Yield: 1.05g (69%), m.p. 107-
109°C. IR (KBr) vemt: 1617 (C=N); 'HNMR (TMS,
DMSO-d,) 6 (ppm): 4.15 (s, 4H, CH,), 7.35-7.78
(m, 11H, Ph-H + pyridine-H,), 8.15(s, 1H, pyridine-
H.),8.79(d, 1H, pyridine-H,). Anal. For C_H N S,
(507.59) Calcd.: C,59.16; H, 3.38; N, 24.83; S, 12.63;
Found: C, 59.23; H, 3.28; N, 24.94; S, 12.55. MS
(m/z, relative abundance): 507 (M*, 7%), 404 (63),
288 (13), 175 (8), 105 (12), 77 (100%).

Method B

A mixtureof (15) (1.54 g, 5mmol) and phenacyl
bromide(2 g, 10 mmoal) in ethanol wasrefluxed for 5h.
Solvent wasdistilled off and theresiduewastriturated
withwater (25 ml x 3) with scratching and left to stand
overnight. Theformed solid wastreated with water,
separated by filtration, dried and crystallized (decol-
orized charcod ) from 2-propanol to givewhitefinecrys-
talsof (17) asidentified by m.p.’s and mixed m.p. and
their same chromatographic behavior (TLC).

Evaluation of acutetoxicity study

Thetest compoundswere administered orally at
different doslevelsin separate groupsof animas. After
24 hof drug administration percent mortality in each
group was observed. From the dataobtained, Lethal
Dose(LD,) (TABLE 2) wascal culated by themethod
of Smith®9,

Evaluation of ulcer ogenic activity

Thisactivity was done according to the method of
Vermaet al'*. Inthismethod, adult albinorats, fasted
24h prior to theadministration of drugs, weredivided
into groupsof ten animal s each. Water wasallowed ad
libitum totheanimals. Thetest compounds and stan-
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dard drugsweregivenintraperitonedly and theanimas
sacrificed 8hafter drugstrestment. Thestomach, duode-
num and jg unum wereremoved and examined with a
hand lensfor any evidence of (a) shedding of epithe-
lium (b) petechid and frank haemorrhageand (c) ero-
sion or discrete ulceration with or without perforation.
The presence of any one of thesecriteriawas consid-
ered to bean evidence of ulcerogenic activity. There-
sultsarepresentedin TABLE 2.

Evaluation of anti-inflammatory activity

Theinhibitory activity of the studied compoundson
carrageenan-induced rat’s paw edema was carried out
according to themethod of winter et all*142,

Groupsof adult maea binorats(150-180 gm), eech
of 8animaswereoraly dosed with thetest compounds
at adoselevd of 2.5& 5 mg/kg on hour before carrag-
eenan chalenge. Foot paw edemawasinduced by sub
planter injection of 0.05ml of 1% suspension of carrag-
eenininsdineintotheplanter tissueof onehind paw.An
equal volume of salinewasinjected to the other hind
paw and served ascontrol. Four hoursafter drug admin-
igrationtheanimad wasdecapitated, bloodwascollected
and the pawswererapidly excised.

The average weight of edemawas estimated for
thetreated aswell asthe control group and the per-
centageinhibition of weight of edemawasaso evau-
ated then percentage Protection against edemawas
estimated (TABLE 2).

Diclofenac potassium (2.5 and 5 mg/kg) wasem-
ployed asstandard reference againgt which thetest com-
poundswere compared.

Estimation of plasma prostaglandin (PGE,)

Heparinized blood sampleswerecollected fromrats
(n=8), plasmawas separated by centrifugation at 12000
r/minfor 2 min at 4°C andimmediately stored frozen
20°Cuntil use.

The designs correlate-EIA prostaglandin in E,
(PGE,) kitisacompetitiveimmune assay for thequan-
titative determination of PGE, inbiological fluids. The
kit usesamonoclonal antibody to PGE, tobind, ina
competitive manner, the PGE, inthe sample. After a
simultaneousincubation at room temperature the ex-
cessreagentswerewashed away and the substratewas
added. After ashort incubation timethe enzymereac-
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tion was stopped and the yellow col or generated was
read onamicro platereader (DY NATCH, MR 5000)
at 405 nm. Theintensity of the bound yellow color is
inversely proportional to the concentration of PGE, in
either standard or sampled**#1. The percentageinhibi-
tion of plasmaPGE, for each compound was estimated
(TABLE?2).

Evaluation of anti-allergicactivity

Albino guineapigsof ether sex weighing 300-450
g are sacrificed with an overdose of ether. The chest
cavity isopened and thelungsareremoved. They were
cut into stripsof 5 cm and placed into aphysiological
sdinesolution. Theregfter, thelung stripsaremounted
inanorgan bath containing anutritivesolution. Thebath
was bubbled with carbogen and maintained at 37°C
under apre-load of 0.5 g - 3 g; thetissuewas left to
equilibratefor 30-60 minutes. Prior to testing carba-
chol isadded to the bath to test thelung strips ability of
contraction. Twenty minutes|ater, two valuesare ob-
tained by adding the spasmogen(“él.

e Higtaminedihydrochloride 10 g/ml for 5 minutes,
e Caionophore5x 10° g/ml for 5 minutes, or
e LeukotrieneLTC, (10°-10°) g/ml for 10 minutes,

To thebath and recording the contractileforce at
itsmaximd leve.

Following 20 minutes, equilibration period resulted,
thespasmogenisadministrated again, 5 minutesthere-
after, and the test compound is added in cumulative
dosesfrom 108-10* g/ml at 5 or 10 minutesintervals.
Thecontractileresponseisdeterminedisometricaly. The
percentageof inhibitionin contraction (dueto histamine
release) isthe anti-dlergic potency, whichiscompared
tothat of Loratadine (sandard referencedrug) (TABLE
2).
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