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KBSTRACT \
The aryl/aryloxy acid hydrazides (1ai-ais) were prepared from their corresponding esters by a

reaction with hydrazine hydrate following known method. These hydrazides were then
converted into their corresponding potassium dithiocarbazinates (2a:-ai6) by a reaction with
carbon disulphide in presence of alcoholic potassium hydroxide. The required 3-aryloxy-4-(N-
pyrid-4-yl carboxamido)-5-mercapto-1,2 4-triazoles (3ai-ais) were prepared in excellent
yields in one pot reaction by heating a mixture of potassium dithiocarbazinates (2a:-ais) and
isonicotinic acid hydrazide for 6-8 hr when profuse evolution of hydrogen sulphide was
observed. The reaction of these triazoles (3ai-ais) With 4-amino-1,2,4-triazole in absolute
ethanol furnished 3-aryl/aryloxy methyl-(N-pyrid-4-yl carboxamido)-5-([1,2,4]triazol-4-yl
amino)-1,2,4-triazoles (4a:-ais). The compounds have been characterized on the basis of
elemental analysis and spectral data. All the compounds synthesized were evaluated for
antibacterial, antifungal and antitubercular activities by following MIC determination method.
The synthesized compounds were shown to possess antifungal and antibacterial activities at
one or the other concentrations; it is quite interesting that most of the compounds were found
to possess good antitubercular properties also, with varied range.
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CUTNTOTUCTUDTC ALl TIiruTTirr reoTrTit _yC(AIJ ao ey
INTRODUCTION are endowed with variety of biological activities
The chemistry of heterocyclic compounds is a
field of organic/pharmaceutical chemistry

which is being continuously explored for the and have wide range of therapeutic properties
synthesis and biological evaluation of new >8 Triazole is a template that is associated
chemical entities in search of better lead with several biological activities thus making
molecules. A number of heterocyclic systems this heterocyclic moiety to occupy a unique
incorporating 1,2,4-triazole nucleus fused with position in heterocyclic chemistry®. 1,2,4-
other heterocycles possesses broad spectrum triazoles have been reported to possess anti-
of biological activities™™. A literature survey inflammatory, analgesic, antiasthmatic,
revealed that substituted 1,2,4-triazoles and diuretic, antihypertensive, antibacterial,
their N-bridged heterocycles have received antifungal and anticholinergic activities™**.

Prompted by the above facts and as a part of
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our program aimed at developing new
biologically active compounds™™’, convenient
synthesis of hitherto  unreported title
compounds incorporating N-pyridyl
carboxamido-1,2,4-triazole and 4-amino-1,2,4-
triazole moieties together was devised. Apart
from the chemical interest, these compounds
could also be a subject of studies as
pharmacological agents.

The aryl/aryloxy acid hydrazides (lal-al6)
were prepared from their corresponding esters
by a reaction with hydrazine hydrate following
known method . These hydrazides were
then converted into their corresponding
potassium dithiocarbazinates (2al-al6) by a
reaction with carbon disulphide in presence of
alcoholic  potassium hydroxide The
required 3-aryloxy-4-(N-pyridyl carboxamido)-
5-mercapto-1,2,4-triazoles (3al-alé) were
prepared in excellent yields in one pot reaction
by heating a mixture of potassium
dithiocarbazinates (2al-al6) and isonicotinic
acid hydrazide for 6-8 hr when profuse
evolution of hydrogen sulphide was
observed™”). The reaction of (3a1-al6) with 4-

amino-1,2,4-triazole in absolute ethanol
furnished  3-aryl/aryloxy  methyl-(N-pyridyl
carboxamido)-5-([1,2,4]triazol-4-yl amino)-

1,2,4-triazoles (4al-al6). The compounds
have been characterized on the basis of
elemental analysis and spectral data. All the
compounds synthesized were evaluated for
their antibacterial, antifungal and
antitubercular activities by following MIC
determination method.

EXPERIMENTAL

All the compounds in the study were
synthesized by following scheme 1. Melting
points were determined on a Toshniwal
apparatus in open capillaries and are
uncorrected. The purity of the compounds
was checked by TLC on silica gel-G plates
using chloroform-ethyl acetate (1:1) solvent
system as irrigant and iodine vapor as
visualizing agent. IR spectra in KBr (cm™)
were recorded on a Schimadzu FTIR-8000
series spectrophotometer and "H NMR spectra
(DMSO-dg) on EM 390 MHz spectrometer
using TMS as internal standard (Chemical
shifts are expressed in & ppm). Mass spectra
were recorded on a Jeol JMSD-300 Mass
Spectrometer operating at 70 eV. All the
compounds showed satisfactory  micro
analytical results for C, H and N.

Potassium dithiocarbazinates (2al-al6) were
prepared by reacting aryl/aryloxy acid
hydrazides (1al-al6) with carbon disulphide in
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the presence of alcoholic KOH following the
reported procedure (yields were between 75-
82%). A suspension of equimolar proportions
of the above potassium dithiocarbazinates,
isonicotinic acid hydrazide and water (5 ml) on
heating under reflux for 5-6 hr gave 3-
substituted-4-(N-pyridyl carboxamido)-5-
mercapto-1,2,4-triazoles (3al-al6). Equimolar
reaction of the above triazoles with 4-amino-
1,2,4-triazole in absolute ethanol furnished
the required 3-aryl/aryloxy-4-(N-pyridyl

I
Ar-CONH.NH-C-SK*
[2a;-a;6]

. | Isonicotinic acid hydrazide
. &water, reflux for 5-6 hrs

[3a;-as6]

.. [refluxed in ethanol with
4-N(amino)-1,2,4-triazole

N| N
| —N
P WY —
Ar N NH——N
| \=N
O\c _NH
[4a;-a16]

(Ar=Substituted aryl/aryloxy me

SCHEME 1

carboxamido)-5-([1,2,4]triazol-4-yl
1,2,4-triazoles (4al-al6).

amino) -

Synthesis of 3-aryl/aryloxy-4-(pyridyl
carboxamido)-5-mercapto-1,2,4-triazoles
(3a1-al6):

A suspension of potassium dithiocarbazinates
(2, 0.1 mol), isonicotinic acid hydrazide (0.1
mol) and water (5ml) was heated under reflux
for 5-6 hr when hydrogen sulphide was
evolved and a clear solution resulted. Dilution
of the reaction mixture with cold water (50 ml)
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and subsequent acidification with hydrochloric
acid gave the required product which was
filtered, washed with water and crystallized
from aqueous ethanol. The compounds of the
series (3a;-a;s) were prepared following the
same procedure.

3-phenoxy methyl-4-(pyridyl carboxamido)-
5-mercapto-1, 2, 4-triazole (3a6):

IR: 3250 (NH of CONH), 3050 (aromatic C-H
stretching), 2910 (OCH,), 2610 (SH), 1665
(CONH), 1635 (NH in plane bending), 1620
(C=N), 1605 (C=C), 1490 (C-N), 1098 (C-O-
C), 740 (mono substituted benzene), 695 (C-
S); '"HNMR (DMSO-dgli ppm): 5.91-8.82 (11
H, m, 5H of aromatic group, 4H of pyridyl
group and 2H of —OCH,), 11.11 (1H, s, 1H of
CONH), -SH group which generally appears
around 14 and above is not observed as the
spectrum is taken in the & scale of 0-14. MS:
m/z 327 (M").

3-(2-methyl phenoxy methyl)-4-(pyridyl
carboxamido)-5-mercapto-1,2,4-triazole
(3a13): IR: 3248 (NH of CONH), 3066
(aromatic C-H stretching), 2950 (C-H
stretching), 2905 (OCH,), 2608 (SH), 1662
(CONH), 1640 (NH in plane bending), 1615
(C=N), 1608 (C=C), 1486 (C-N), 1130 (C-O-
C), 840 (disubstituted benzene), 700 (C-S);
'"HNMR (DMSO-ds i ppm): 2.51 (3H, s, 3H of
CHg3), 3.42 (2H, bs, 2H of —-OCH2), 7.79-8.72
(8 H, m, 4H of aromatic group, 4H of pyridyl
group), a weak peak at 10.1 (1H, s, 1H of
CONH), 14 (1H, of —=SH); MS: m/z 341 (M").

Synthesis of 3-aryl/aryloxy-4-(pyridyl
carboxamido)-5-([1,2,4]triazol-4-yl amino) -
1,2,4-triazoles (4al-al6) :

Triazole (3, 0.01 mol) and 4-amino-1,2,4-
triazole (0.01 mol) in absolute ethanol (50 ml)
were refluxed on steam till the evolution of
hydrogen sulphide stopped. The solid obtained
was filtered, washed with water, dried and
crystallized from ethanol. The compounds of
the series (4al-al6) were prepared following
the same procedure and characterized (Table-
1).

3-(4-chlorophenyl)-4-(pyridyl carboxamido)-
5-([1,2,4]triazol-4-yl amino) -1,2,4-triazole
(4a2): IR: 3256 (NH), 3054 (aromatic C-H
stretching), 2905 (-OCH,), the characteristic
absorption band for SH at 2608 has
disappeared, 1656 (CO of CONH), 1632 ( NH
in plane bending), 1610 (C=N), 1602 (C=C),
1478 (C-N), 1140 (C-O-C), 842 (1,4-
disubstituted benzene); 'HNMR (DMSO-dg, U
ppm): 6.20 (1H, s, NH), 7.55-8.79 (8H, m, 4H
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of aromatic group and 4H of pyridyl group),
8.81 (2H, s, 2 CH of pyridyl), 10.87 (1H, s,
CONH); MS: m/z 368 (M").

3-(4-aminophenyl)-4-(pyridyl carboxamido)-
5-([1,2,4]triazol-4-yl amino) -1,2,4-triazole
(4a5): IR: 3268 (NH and NH;), 3058 (aromatic
C-H stretching), 2908 (-OCH,), characteristic
absorption band for SH at 2610 disappeared,
1665 (CO of CONH), 1632 (NH in plane
bending), 1618 (C=N), 1600 (C=C), 1490 (C-
N), 840 (1,4-disubstituted benzene); 'HNMR
(DMSO-dg, U ppm): 3.33 (2H, s, NHy), 5.98
(1H, s, NH), 7.55-8.38 (8H, m, 4H of aromatic
group, 4H of pyridyl group), 8.75 and 8.79 (2H,
s, 2H of triazole), 11.50 (1H, s, CONH); MS:
m/z 348 (M").

BIOLOGICAL ACTIVITIES

Antibacterial and antifungal activities

The compounds of the series (4al-al6) have
been subjected to invitro evaluation of their
antibacterial and antifungal activities against
the fungi Candida albicans, Aspergillus
niger and against the bacteria
Staphylococcus aureus , Enterococcus
fecalis Escherichia coli, Klebsiella
pneumoniae by minimum inhibitory
concentration (MIC) method %, The results
obtained are tabulated in Table-2.

Antitubercular activity studies

All the compounds in the series (4al-al6)
have been evaluated for their invitro
antitubercular activity against the standard
strain of Mycobacterium tuberculosis  Hz; RV
using Middlebrook 7H-9 broth referring to the
standard procedure . The results of the
antitubercular studies are given in Table-3.

RESULTS AND DISCUSSION

The title compounds were synthesized as per
the scheme described. The potassium
dithiocarbazinates of aryl/aryloxy acids on
heating with well known antitubercular drug
isoniazid (INH) furnished the required parent
triazoles namely  3-substituted-4(N-pyridyl
carboxamido)-5-mercapto-1, 2, 4-trizoles.
These on heating with 4-amino-1, 2, 4-triazole
furnished the title compounds in a single step
by the replacement of mercapto group at
position 5 of parent triazoles with evolution of
hydrogen sulphide. All the newly synthesized
compounds were analyzed satisfactorily for
their C, H and N analysis which showed that
the compounds were having purity of expected
range. The characterization of compounds
was done on the basis of spectral analysis
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using IR, 'HNMR and Mass spectroscopic
technique. The compounds were evaluated for
their antifungal, antibacterial and
antitubercular activities and their MIC values
were also determined.

Antifungal Activity

The antifungal activity study results reveal
that, the compounds 4al, 4a7, 4a9, 4al3 and
4al5 were the potent amongst triazole
derivatives evaluated, as these have inhibited
the growth of fungal strain at 12.50g
concentration itself against A. niger. The
compounds 4a8 and 4al6 have shown
inhibitory activity at 2509 and 4a3, 4a6, 4al0,
4all, 4al12 & 4al4 were active at SOC)g where
as 4a2 has MIC of 1000g.

Excellent activity against C. albicans has
been shown by the compounds 4a7, 4a8,
4al12 and 4al5 at 250g concentration. The
inhibition of the growth at 500g has been
shown by the compounds 4al, 4a9 and 4al6.
The compounds 4al0, 4all and 4al3 have
been shown to possess activity at 1000g. The
compounds 4a2, 4a3, 4a6 and 4al4 failed to
produce inhibitory activity against C. albicans ;
however, both the organisms in the study
found to remain resistant for compounds 4a4
and 4ab5 at all the concentration levels tested.

Antibacterial activity

Remarkable antibacterial activity has shown
by the compounds 4a6, 4a7 and 4al3 at the
concentration of 6.250g which is followed by
the compounds 4al2 and 4al5 at 12.50g
concentration against S. aureus. The activity
at 250g concentration has been shown to be
possessed by the compounds 4a3 & 4a8
against S. aureus and the compounds 4a2,
4a8, 4a9 & 4al0 against E. coli. All the
compounds showed to possess activity
against E. coli either at one or the other
concentration tested. The compound 4a9 did
not show any activity against all the organisms
tested except E. coli. The MIC for the
compounds to show activity against E. fecalis
was not below 500g and the organism was
resistant for the compounds 4a9, 4al4 and
4al5 even at 1000g concentration. All the
compounds have shown their growth inhibitory
activity against K. pneumoniae only at 1000g
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concentration except the compounds 4a4, 4a5
and 4a9 for which the organism remained
resistant even at 1000g concentration.

Antitubercular activity

In our present work the synthesized
compounds were also investigated for their
property as antitubercular agents using Alamar
Blue Dye technique. The MIC values were
determined for each compound which gives
the lowest drug concentration that prevented
the colour change from blue to pink. The
superior antitubercular activity was shown by
the derivative 4al5 at 0.80g itself. The
compounds 4al0 and 4al2 shown growth
inhibitory activity at 3.1250g where as the
compound 4al possessed MIC at 6.25 Og.
The MIC for the compounds 4all, 4al3, 4al4
&4al6 was found to be 12.50g and that for the
compounds 4a4, 4a5, 4a7 & 4a8 was 2509.
The remaining compounds have showed to
possess the MIC at 500g except 4a2 which
has showed growth inhibitory activity only at
1000g concentration.

CONCLUSION

Though, in general the synthesized
compounds were proved to possess activity at
one or other concentrations in the activities
such as antifungal, antibacterial and
antitubercular, it is quite interesting to note that
most of the compounds were found to possess
good antitubercular properties with varied
range. However 4al5 was found to possess
excellent antitubercular activity at the
concentration as low as 0.80g. The results
indicate that, slight modification in the
structure of the molecule by carryingout
addition or elimination of suitable functional
groups may result in useful therapeutic agents.
Further study on the compounds containing
this type of moiety is quite reasonable and
desirable.
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Table-1
Characterization data of 3-aryl/aryloxy-4-(pyridyl carboxamido)-5-
([1,2,4]triazol-4-yl ammo) -1,2, 4 triazoles (4al- a16)
7\ =
N ﬁ—NH
_ (o]
Ar Molecular Molecular Meltlng
S CHEE (substituent) Formula weight Point (°C)
1. 4al Phenyl C16H140Ns 380 223
4a2
2. 4-Chloro phenyl C16H140NgCl 416 232
4a3
3. 2-Chloro phenyl C16H140NoCl 416 218
4a4 .
4. 2-Amino phenyl C16H160N10 396 240
4a5 .
5. 4-Amino phenyl C16H160N10 396 228
4a6
6. Phenoxy methyl Ci17H1602Ng 410 236
4a7 .
7. 2-Nitro phenoxy methyl C17H1504N10 455 255
8. cEE 2-Chloro phenoxy methyl C17H150-NoCl 445 228
4a9 .
9. 4-Amino phenoxy methyl C17H1702Ny0 425 239
4a10
10. 4-Bromo phenoxy methyl C17H150:NgBr 489 254
4all .
11. 4-Nitro phenoxy methyl C17H1504N10 455 188
4al2
12. 4-Methyl phenoxy methyl C18H1802Ng 424 218
4al3
13. 2-Methyl phenoxy methyl C1gH1805N1g 424 242
14. 4ald U-Naphthoxy methyl CaiH1505No 460 185
15. 42us b-Naphthoxy methyl CorH1s05Ne 460 227
4a - 5-
16. 16 2 Isopropyl;é?;;ryl phenoxy CatH2sO0aNo 466 245
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Table-2
Data showing the results of antifungal and antibacterial activity studies of the compounds of the
series (4al-al6) by MIC method
Minimum Inhibitory Concentration (MIC in Og)
Sl No. Samples Antifungal activity Antibacterial activity
C. albicans A. niger S. aureus E. fecalis K. pneumoniae
1 4al 100
2 4a2 100
S 4a3 100
4 4ad
5 4a5
6 4a6
7 4a7
8 4a8
O 4a9
10 4al0
11 4all
12 4al2
13 4al3
14 4al4d
15 4a15
16 4al6

Concentration in Og

3.125
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||V |OV|[OV|OV|XW|D
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L 4a11 s s s s R R R R R R
12. 4al12 s s s s s s R R R R
= 4a13 s s s s R R R R R R
L 4al4 s s s s R R R R R R
15. 4al15 R R
16. 4a16 s s s s R R R R R R
R=Resistant S=Sensitive
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