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Tuberculosis is a chronic disease caused by
several species of Mycobacteriae. The major issue
is the increase of multidrug resistant tuberculosis.
The appearance of multidrug resistant strains of
Mycobacterium tuberculosis, which exhibit in vitro
resistance to at least two major anti-tubercular
drugs (usually isoniazid and rifampicin) and cause
intractable tuberculosis, has greatly contributed to
the increased incidence of tuberculosis. Another
serious problem is the extensively drug-resistant
tuberculosis, which are strains resistant to first and
second line anti-tubercular drugs. The emergence
of drug-resistant tuberculosis is an important fact
that made the resurgence of tuberculosis especial-
ly alarming. Due to the high impact of multidrug
resistant and extensively drug-resistant tuberculo-
sis treatment, there is an urgent need for new drugs
to treat this disease efficiently. Hence, there is
emerging demand for the development of new
anti-tubercular agents effective against pathogens
resistant to current treatment regimens, which are
limited to five drugs including rifampicin, isoni-
azid, ethambutol, streptomycin and pyrazinamide.
In spite of major advances that have been made in

the discovery process, no new drugs have been
introduced in clinic since the discovery of
rifampicin (1). Isoniazid (INH) is still maintaining
its importance as a first line drug for treatment of
tuberculosis. There are many reports on synthesis
and anti-tuberculosis screening of a large number
of compounds containing the isoniazid moiety
(2ñ8). Several recent experiments indicate that
incorporation of hydrophobic moieties into the
framework of INH can enhance the penetration of
drug into the tissues of mammalian host and into
waxy cell wall of bacterium. This strategy for drug
design has been proposed as a vehicle for con-
trolled study of the growth cycle of the pathogen,
as these compounds have demonstrated good
activities (9ñ12). The need for newer compounds
of this kind remains urgent due to increasing
resistance of Mycobacterial strains to certain type
of currently used anti-mycobacterials. Reports
suggest that INH, a pro-drug, is converted into its
active form by mycobacterial catalase peroxidase
and acts on mycobacterial cell wall by inhibiting
the fatty acid synthetase-II system to produce long
chain fatty acid precursors for mycolic acid syn-
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thesis (13). Modification of INH at N2 atom blocks
the resulting molecule against the action of N-ary-
laminoacetyl transferases (NATs) and structurally
blocking INH towards the action of NAT at N2

may thus combat the rise of resistance. 4-
Thiazolidinone derivatives have many interesting
activity profiles; have been reported to possess
antifungal (14), anti-TB (15), anti HIV (16), anti-
histaminic (17) and anticonvulsant properties (18).
4-Thiazolidinones have been reported to exhibit
their anti-mycobacterial effect via a different
route, by inhibiting bacterial enzyme Mur B,
which is a precursor acting during biosynthesis of
peptidoglycan (19). Newly designed molecules
might be regarded as double action molecules and
components involved may act synergistically. It
has also been reported that conversion of INH to
oxadiazoles produces the corresponding 5-substi-
tuted-3H-1,3,4-oxadiazol-2-thione and 3H-1,3,4-
oxadiazol-2-one derivatives, which are character-
ized by high activity against M. tuberculosis strain
H37Rv (20). Literature survey revealed that 4-(5-
pentadecyl-1,3,4-oxadiazole-2-yl)pyridine was ten
times more active than INH and 4-(5-heptadecyl-
1,3,4-oxadiazol-2-yl)pyridine also showed the
same activity, because these compounds bear a
high lipophilic chain bonded to the 5-position of
oxadiazole moiety (21). Also oxadiazoles conform
to an important class of heterocyclic compounds
with a wide range of biological activities such as:
anticonvulsant (22), tyrosinase inhibitors (23),
antimicrobial (24), cathepsin K inhibitors (25) and
anti-neoplastic properties (26). There is an urgent
need for anti-TB drugs with improved properties
such as enhanced activity against multidrug resist-
ant strains, reduced toxicity, shortened duration of
therapy, rapid mycobactericidal mechanism of
action and the ability to penetrate host cells and
exert anti-mycobacterial effects in the intracellular
environment. 

Chemical modification of hydrazine unit of
INH with a functional group that blocks acetyla-
tion, while maintain strong anti TB action has the
potential to improve clinical outcomes and reduce
the emergence in patients of acquired INH resist-
ance.

To investigate the effect of length of lipophilic
chain at 5-position and change of 1,3,4-oxadiazole
scaffold with thiazolidinone moiety on the anti-
mycobacterial activity, in the present study we
incorporated the 4-thiazolidinone and 1,3,4-oxada-
zole scaffolds with different lengths of side chain at
5-position in the INH moiety and evaluated their in
vitro anti-mycobacterial activity.

EXPERIMENTAL

All the solvents were obtained from Merck.
The elemental analyses (C, H, N and S) of all com-
pounds were performed on the CHNS Elementar
(Analysen Systeme GmbH, Germany) and Vario EL
III (Elementar Americas Corporation) and were
within a limit of ± 0.4% and ± 0.3%, respectively, of
the theoretical values. The homogeneity of the com-
pounds was checked by TLC performed on silica gel
G coated plates (Merck). Iodine chamber was used
for visualization of TLC spots. The FT-IR spectra
were recorded in Shimadzu spectrophotometer by
dissolving samples in carbon tetrachloride (CCl4).
Melting points were determined on a Gallenkamp
melting point apparatus, and thermometer was
uncorrected. NMR spectra were scanned in DMSO-
d6 on a Bruker NMR spectrophotometer operating at
500 MHz for 1H and 125.76 MHz for 13C at the
Research Center, College of Pharmacy, King Saud
University, Saudi Arabia. Chemical shifts are
expressed in δ values (ppm) relative to TMS as an
internal standard and D2O was added to confirm the
exchangeable protons. Mass spectra were measured
on Agilent Triple Quadrupole 6410 QQQ LC/MS
apparatus with ESI (electrospray ionization) source. 

Ní-[(1E)-propylidene]pyridine-4-carbohydrazide

(2a)

The isonicotinoyl hydrazide Schiff base (2a)
was prepared by reaction between propanal (1.0
equiv.) with INH (1.0 equiv.) in ethanol/H2O (10
mL), initially dissolving the INH in H2O and adding
the respective solution to a solution of the propanal
in ethanol. After stirring for 1ñ3 h at room tempera-
ture, the resulting mixture was concentrated under
reduced pressure. The residue was purified by wash-
ing with cold ethyl alcohol and diethyl ether and
afforded pure derivatives (2a). The compound was
assigned (E) configuration (27). The other Schiff
bases (2bñe) were synthesized similarly.

Yield: 75%; m.p.: 170ñ172OC. FT-IR (v, cm-1):
3430 (NH, str.), 2970 (C-H, str.), 1660 (C=O, str.),
1606 (C=C, str.), 1555 (C=N, str.). 1H NMR (500
MHz, DMSO-d6, δ, ppm): 0.8 (3H, t, CH3), 1.29
(2H, m, CH2), 7.70 (1H, s, CH), 7.75 (2H, d, J = 4
Hz, CH pyridyl), 8.75 (2H, d, J = 4 Hz, CH pyridyl),
11.6 (1H, s, -NH, D2O exch.). 13C NMR (125.76
MHz, DMSO-d6, δ, ppm): 149.8 (C-1), 149.8 (C-3),
122.8 (C-4), 140.9 (C-5), 122.8 (C-6), 163 (C-7),
158.3 (C-11), 22.2 (C-12), 10.4 (C-13). MS (ESI)
m/z = 177.0 [M]+. Analysis: calcd. for C9H11N3O
(177.2): C 61.00, H 6.26, N 23.71%; found: C 61.20,
H 6.24, N 23.61%.
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Ní-[(1E)-octylidene]pyridine-4-carbohydrazide

(2b)

Yield: 80%; m.p.: 90ñ92OC. FT-IR (v, cm-1):
3430 (NH, str.), 2970 (C-H, str.), 1660 (C=O, str.),
1606 (C=C, str.), 1555 (C=N, str.). 1H NMR (500
MHz, DMSO-d6, δ, ppm): 0.8 (3H, t, CH3), 1.4
(12H, m, CH2), 7.70 (1H, s, CH), 7.8 (2H, d, J = 4
Hz, CH pyridyl), 8.70 (2H, d, J = 4 Hz, CH pyridyl),
11.6 (1H, s, -NH, D2O exch.). 13C NMR (125.76
MHz, DMSO-d6, δ, ppm): 149.8 (C-1), 149.8 (C-3),
122.8 (C-4), 140.9 (C-5), 122.8 (C-6), 163 (C-7),
158.3 (C-11), 26.1 (C-12), 26.1 (C-13), 29.5 (C-14),
29.1 (C-15), 31.9 (C-16), 22.8 (C-17), 14.1 (C-18).
MS (ESI) m/z = 246.9 [M]+. Analysis: calcd. for
C14H21N3O (247.3): C 67.98, H 8.56, N 16.99%;
found: C 67.75, H 8.54, N 16.93%.

Ní-[(1E)-decylidene]pyridine-4-carbohydrazide

(2c)

Yield: 65%; m.p.: 78ñ80OC. FT-IR (v, cm-1):
3430 (NH, str.), 2972 (C-H, str.), 1661 (C=O, str.),
1556 (C=C, str.), 1496 (C=N, str.). 1H NMR (500
MHz, DMSO-d6, δ, ppm): 0.8 (3H, t, CH3), 1.3 (16H,
m, CH2), 7.70 (1H, s, CH), 7.85 (2H, d, J = 4 Hz, CH
pyridyl), 8.7 (2H, d, J = 4 Hz, CH pyridyl), 11.6 (1H,
s, -NH, D2O exch.). 13C NMR (125.76 MHz, DMSO-
d6, δ, ppm): 149.8 (C-1), 149.8 (C-3), 122.8 (C-4),
140.9 (C-5), 122.8 (C-6), 163 (C-7), 158.3 (C-11),
26.1 (C-12), 26.1 (C-13), 29.5 (C-14), 29.4 (C-15),
29.7 (C-16), 29.4 (C-17), 31.9 (C-18), 22.8 (C-19),
14.1 (C-20). MS (ESI) m/z = 275.3 [M]+. Analysis:
calcd. for C16H25N3O (275.3): C 69.78, H 9.15, N
15.26%; found: C 69.88, H 9.37, N 15.20%.

Ní-[(1E)-undecylidene]pyridine-4-carbohy-

drazide (2d)

Yield: 70%; m.p.: 80ñ82OC. FT-IR (v, cm-1):
3261 (NH, str.), 2923 (C-H, str.), 1655 (C=O, str.),
1535 (C=C, str.), 1464 (C=N, str.). 1H NMR (500
MHz, DMSO-d6, δ, ppm): 0.8 (3H, t, CH3), 1.29
(18H, m, CH2) 7.50 (1H, s, CH), 7.8 (2H, d, J = 4
Hz, CH pyridyl), 8.6 (2H, d, J = 4 Hz, CH pyridyl),
11.6 (1H, s, -NH, D2O exch.). 13C NMR (125.76
MHz, DMSO-d6, δ, ppm): 149.8 (C-1), 149.8 (C-3),
122.8 (C-4), 140.9 (C-5), 122.8 (C-6), 163 (C-7),
158.3 (C-11), 26.1 (C-12), 26.1 (C-13), 29.5 (C-14),
29.4 (C-15), 29.7 (C-16), 29.7 (C-17), 29.7 (C-18),
31.9 (C-19), 22.8 (C-20), 14.1 (C-21). MS (ESI) m/z
= 290.0 [M + 1]+. Analysis: calcd. for C17H27N3O
(289): C 70.5, H 9.4, N 14.5%; found: C 70.75, H
9.38, N 14.40%.

Ní-[(1E)-dodecylidene]pyridine-4-carbohy-

drazide (2e)

Yield: 60%; m.p.: 85ñ87OC. FT-IR (v, cm-1):
3257 (NH, str.), 2923 (C-H, str.), 1655 (C=O, str.),
1546 (C=N, str.). 1H NMR (500 MHz, DMSO-d6, δ,
ppm): 0.8 (3H, t, CH3), 1.4 (20H, m, CH2), 7.75 (1H,
s, CH), 7.8 (2H, d, J = 4 Hz, CH pyridyl), 8.7 (2H,
d, J = 4 Hz, CH pyridyl), 11.6 (1H, s, -NH, D2O
exch.). 13C NMR (125.76 MHz, DMSO-d6, δ, ppm):
149.8 (C-1), 149.8 (C-3), 122.8 (C-4), 140.9 (C-5),
122.8 (C-6), 163 (C-7), 158.3 (C-11), 26.1 (C-12),
26.1 (C-13), 29.5 (C-14), 29.4 (C-15), 29.7 (C-16),
29.7 (C-17), 29.7 (C-18), 29.4 (C-19), 31.9 (C-20),
22.8 (C-21), 14.1 (C-22). MS (ESI) m/z = 304.0 [M
+ 1]+. Analysis: calcd. for C18H29N3O (303.4), C
71.25, H 9.63, N 13.85%; found: C 71.03, H 9.60, N
13.90.

N-(2-ethyl-4-oxothiazolidin-3-yl)isonicotinamide

(3a)

A mixture of Schiff base of INH 2a (0.1 mol),
mercaptoacetic acid (0.15 mol) and silica chloride
(0.025 mol) was heated at 50OC under solvent-free
condition for 1 h. The progress of the reaction was
monitored by TLC using hexane-ethyl acetate (7 : 3,
v/v). After the completion of reaction, the reaction
mixture was extracted with ethyl acetate and organ-
ic layer was washed with 5% sodium bicarbonate
solution and brine. Organic layer was separated and
dried over anhydrous sodium sulfate. From the
organic extract the solvent was removed under
reduced pressure and the residual crude solid was
crystallized from ethanol. The other thiazolidinone
derivatives (3bñe) were synthesized similarly.

Yield: 60%; semisolid. FT-IR (v, cm-1): 3300
(NH, str.), 3000 (C-H, str.), 1700 (C=O, str., thiazo-
lidinone), 1680 (C=O, str.). 1H NMR (500 MHz,
DMSO-d6, δ, ppm): 1.0 (3H, t, CH3), 1.8 (2H, m,
CH2), 3.7 (2H, s, -CH2, thiazolidinone), 5.0 (1H, t,
CH, thiazolidinone), 7.7 (2H, d, J = 4 Hz, CH
pyridyl), 8.7 (2H, d, J = 4 Hz, CH pyridyl), 11.1
(1H, s, -NH, D2O exch.). 13C NMR (125.76 MHz,
DMSO-d6, δ ppm): 168.8 (C-1), 164.0 (C-3), 138.0
(C-4), 150.0 (C-5), 122.3 (C-6), 171.7 (C-7), 170.3
(C-10), 63.0 (C-13), 39.0 (C-11), 28.4 (C-16), 12.6
(C17). MS (ESI) m/z = 252.2 [M + 1]+. Analysis:
calcd. for C18H27N3O2S (251.3): C 61.86, H 7.79, N
12.0, S 9.17%; found: C 61.76, H 7.8, N 12.02, S
9.18%. 

N-(2-heptyl-4-oxothiazolidin-3-yl)isonicotin-

amide (3b)

Yield: 70%; semisolid. FT-IR (v, cm-1): 3300
(NH, str.), 3000 (C-H, str.), 1710 (C=O, str., thiazo-
lidinone), 1680 (C=O, str.). 1H NMR (500 MHz,
DMSO-d6, δ, ppm): 0.7 (3H, t, CH3), 1.8 (12H, m,
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CH2), 3.7 (2H, s, -CH2, thiazolidinone), 4.8 (1H, t,
CH, thiazolidinone), 7.8 (2H, d, J = 4 Hz, CH
pyridyl), 8.7 (2H, d, J = 4 Hz, CH pyridyl), 11.1
(1H, s, -NH, D2O exch.). 13C NMR (125.76 MHz,
DMSO-d6, δ, ppm): 168.7 (C-1), 164.2 (C-3), 139.4
(C-4), 150.0 (C-5), 121.8 (C-6), 171.2 (C-7), 170.2
(C-10), 62.3 (C-13), 34.2 (C-11), 28.5 (C-16), 23.9
(C-17), 22.0 (C-18, 19, 20, 21), 13.7 (C-22). MS
(ESI) m/z = 321.1 [M]+. Analysis: calcd. for
C18H27N3O2S (321.4): C 61.86, H 7.79, N 12.0, S
9.17%; found: C 61.76, H 7.8, N 12.02, S 9.18%. 

N-(2-nonyl-4-oxothiazolidin-3-yl)isonicotinamide

(3c)

Yield: 70%; semisolid. FT-IR (v, cm-1): 3300
(NH, str.), 3000 (C-H, str.), 1700 (C=O, str., thia-
zolidinone), 1670 (C=O, str.). 1H NMR (500 MHz,
DMSO-d6, δ, ppm): 0.8 (3H, t, CH3), 1.2 (16 H, m,
CH2), 3.7 (2H, s, -CH2, thiazolidinone), 4.87 (1H, t,
CH, thiazolidinone), 7.3 (2H, d, J = 4 Hz, CH
pyridyl), 8.8 (2H, d, J = 4 Hz, CH pyridyl), 11.7
(1H, s, -NH, D2O exch.). 13C NMR (125.76 MHz,
DMSO-d6, δ, ppm): 164.0 (C-1), 161.1 (C-3),
155.7 (C-5), 153.7 (C-4), 150.4 (C-6), 174.4 (C-7),
168.9 (C-10), 62.9 (C-13), 48.5 (C-11), 34.5 (C-
16), 31.2 (C-17), 28.9 (C-18), 27.9 (C-18), 23.9
(C19), 22.0 (C-20), 18.5 (C-21), 13.8 (C-22), 12.6
(C-23). MS (ESI) m/z = 349.1 [M]+. Analysis:
calcd. for C18H27N3O2S (349.4): C 61.86, H 7.79, N
12.0, S 9.17%; found: C 61.76, H 7.8, N 12.02, S
9.18%.

N-(2-decyl-4-oxothiazolidin-3-yl)isonicotinamide

(3d)

Yield: 75%; semisolid. FT-IR (v, cm-1): 3320
(NH, str.), 3010 (C-H, str.), 1700 (C=O, str., thiazo-
lidinone), 1680 (C=O, str.).1H NMR (500 MHz,
DMSO-d6, δ, ppm): 0.8 (3H, t, CH3), 1.2 (18 H, m,
CH2), 3.6 (2H, s, -CH2, thiazolidinone), 4.87 (1H, t,
CH, thiazolidinone), 7.8 (2H, d, J = 4 Hz, CH pyridyl),
8.8 (2H, d, J = 4 Hz, CH pyridyl), 11.7 (1H, s, -NH,
D2O exch.). 13C NMR (125.76 MHz, DMSO-d6, δ,
ppm): 149.8 (C-1,3), 122.8 (C-4), 140.9 (C-5), 122.8
(C-6), 164.9 (C-7), 168.5 (C-10), 36.1 (C-11), 54.3 (C-
13), 35.5 (C-16), 23.2 (C-17), 29.0 (C-18), 29.7 (C-19,
20), 29.4 (C-21), 31.9 (C-22), 22.8 (C-23),14.1 (C-
24). MS (ESI) m/z = 363.5 [M]+. Analysis: calcd. for
C19H29N3O2S (363.5): C 62.78, H 8.04, N 11.5, S
8.82%; found: C 62.80, H 8.05, N 11.52, S 8.80%.

N-(4-oxo-2-undecylthiazolidin-3-yl)isonicotin-

amide (3e)

Yield: 80%; semisolid. FT-IR (v, cm-1): 3330
(NH, str.), 3010 (C-H, str.), 1710 (C=O, str., thiazo-

lidinone), 1680 (C=O, str.). 1H NMR (500 MHz,
DMSO-d6, δ, ppm): 0.8 (3H, t, CH3), 1.2 (20 H, m,
CH2), 3.6 (2H, s, -CH2, thiazolidinone), 4.86 (1H, t,
CH, thiazolidinone), 7.8 (2H, d, J = 4 Hz, CH
pyridyl), 8.8 (2H, d, J = 4 Hz, CH pyridyl), 11.1
(1H, s, -NH, D2O exch.). 13C NMR (125.76 MHz,
DMSO-d6, δ. ppm): 149.5 (C-1,3), 122.0 (C-4),
140.5 (C-5), 122.0 (C-6), 164.4 (C-7), 168.0 (C-10),
36.0 (C-11), 54.1 (C-13), 35.5 (C-16), 23.1 (C-17),
29.0 (C-18), 29.5 (C-19, 20, 21), 29.1 (C-22), 31.5
(C-23), 22.8 (C-24), 14.1 (C-25). MS (ESI) m/z =
377.5 [M]+. Analysis: calcd. for C20H31N3O2S
(377.5): C 63.6, H 8.28, N 11.13, S 8.49%; found: C
62.58, H 8.06, N 11.52, S 8.80%.

N-acetyl-4-(5-ethyl-1,3,4-oxadiazol-2-yl)pyridine

(4a)

A mixture of Schiff base of INH 2a (0.1 mol)
and anhydrous acetic anhydride (10 mL) was
refluxed for 4 h. After completion of the reaction,
the excessive acetic anhydride was distilled off at
reduced pressure; the residue was poured into ice
cooled water and stirred for 30 min. The solid prod-
uct was filtered and recrystallized from ethanol to
give final compound (4a). The other 1,3,4-oxadia-
zole derivatives (4bñe) were synthesized similarly.

Yield: 65%; semisolid. FT-IR (v, cm-1): 1564
(C=N), 1670 (C=O), 1620, 1369, 1173, 1097, 1014
(oxadiazole nucleus). 1H NMR (500 MHz, DMSO-
d6, δ, ppm): 0.7 (3H, t, CH3), 1.9 (3H, s, COCH3),
2.2 (2H, m, CH2), 6.3 (1H, s, -CH, oxadiazole), 7.8
(2H, d, J = 4 Hz, CH pyridyl), 8.7 (2H, d, J = 4 Hz,
CH pyridyl). 13C NMR (125.76 MHz, DMSO-d6, δ,
ppm): 168.3 (C-12), 155.0 (C-7), 149.5 (C-1, 3),
138.4 (C-5), 124.1 (C-4, 6), 73.4 (C-9), 29.5 (C-15),
23.4 (C-14), 5.0 (C-16). MS (ESI) m/z = 219.1
[M]+. Analysis: calcd. for C11H13N3O2 (219.2): C
60.26, H 5.98, N 19.17%; found: C 60.02, H 5.60,
N 19.11%.

N-acetyl-4-(5-heptyl-1,3,4-oxadiazol-2-yl)pyri-

dine (4b)

Yield: 67%; semisolid. FT-IR (v, cm-1): 1560
(C=N), 1680 (C=O), 1630, 1470, 1350, 1011 (oxa-
diazole nucleus). 1H NMR (500 MHz, DMSO-d6, δ,
ppm): 0.85 (3H, t, CH3), 1.2 (10H, m, CH2), 1.9 (3H,
s, COCH3), 2.5 (2H, m, CH2), 6.3 (1H, s, -CH, oxa-
diazole), 7.8 (2H, d, J = 4 Hz, CH pyridyl), 8.7 (2H,
d, J = 4 Hz, CH pyridyl). 13C NMR (125.76 MHz,
DMSO-d6, δ, ppm): 166.9 (C-12), 150.6 (C-7),
138.0 (C-1, 3), 131.5 (C-5), 120.0 (C-4, 6), 93.2 (C-
9), 32.5 (C-15), 31.2 (C-14), 28.9 (C-16), 22.0 (C-
17), 21.1 (C-18), 20.1 (C-19), 19.0 (C-20), 13.9 (C-
21). MS (ESI) m/z = 288.2 [M]+. Analysis: calcd.
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for C16H23N3O2 (288.3): C 66.41, H 8.01, N 14.52%;
found: C 66.66, H 8.04, N 14.55%.

N-acetyl-4-(5-nonyl-1,3,4-oxadiazol-2-yl)pyridine

(4c)

Yield: 80%; semisolid. FT-IR (v, cm-1): 1564
(C=N), 1670 (C=O), 1640, 1473, 1350, 1011 (oxa-
diazole nucleus). 1H NMR (500 MHz, DMSO-d6, δ,
ppm): 0.82 (3H, t, CH3), 1.2 (14H, m, CH2), 1.9 (3H,
s, COCH3), 2.5 (2H, m, CH2), 6.9 (1H, s, -CH, oxa-
diazole), 7.8 (2H, d, J = 4 Hz, CH pyridyl), 8.8 (2H,
d, J = 4 Hz, CH pyridyl). 13C NMR (125.76 MHz,
DMSO-d6, δ, ppm): 169.9 (C-12), 168.4 (C-7),
167.9 (C-1), 163.3 (C-3), 153.3 (C-5), 150.0 (C-6),
139.4 (C-4), 138.6 (C-9), 31.2 (C-15), 29.4 (C-14),
28.7 (C-16), 28.4 (C-17), 22.0 (C-18, 22), 20.3 (C-
20), 18.0 (C-21), 13.8 (C-22), 10.7 (C-23). MS
(ESI) m/z = 317.1 [M]+. Analysis: calcd. for
C18H27N3O2 (317.4): C 68.11, H 8.57, N 13.24%;
found: C 68.37, H 8.55, N 13.28%.

N-acetyl-4-(5-decyl-1,3,4-oxadiazol-2-yl)pyridine

(4d)

Yield: 75%; m.p.:178ñ180OC. FT-IR (v, cm-1):
1564 (C=N), 1680 (C=O), 1643, 1470, 1350, 1010
(oxadiazole nucleus). 1H NMR (500 MHz, DMSO-
d6, δ, ppm): 1.0 (3H, t, CH3), 1.2 (16H, m, CH2), 1.9
(3H, s, COCH3), 2.5 (2H, m, CH2), 6.3 (1H, s, -CH,
oxadiazole), 7.8 (2H, d, J = 4 Hz, CH pyridyl), 8.8
(2H, d, J = 4 Hz, CH pyridyl). 13C NMR (125.76
MHz, DMSO-d6, δ, ppm): 172.0 (C-12), 166.1 (C-
7), 150.8 (C-1, 3), 138.1 (C-5), 122.7 (C-4, 6), 119.9
(C-9), 56.0 (C-15), 20.9 (C-14), 18.4 (C-16, 17, 18,
19), 18.0 (C-20, 21, 22, 23), 10.6 (C-24). MS (ESI)
m/z = 331.0 [M]+. Analysis: calcd. for C19H29N3O2

(331.4): C 68.85, H 8.82, N 12.68%; found: C 68.65,
H 8.80, N 12.63%.

N-acetyl-4-(5-undecyl-1,3,4-oxadiazol-2-yl)pyri-

dine (4e)

Yield: 70%; m.p.: 68ñ70OC. FT-IR (v, cm-1):
1560 (C=N), 1670 (C=O), 1630, 1373, 1150, 1011
(oxadiazole nucleus). 1H NMR (500 MHz, DMSO-d6,
δ, ppm): 0.7 (3H, t, CH3), 1.2 (18H, m, CH2), 1.9 (3H,
s, COCH3), 2.2 (2H, m, CH2), 6.3 (1H, s, -CH, oxadi-
azole), 7.7 (2H, d, J = 4 Hz, CH pyridyl), 8.7 (2H, d,
J = 4 Hz, CH pyridyl). 13C NMR (125.76 MHz,
DMSO-d6, δ, ppm): 173.9 (C-12), 170.7 (C-7), 169.3
(C1), 166.9 (C-3), 163.9 (C-5), 157.7 (C-4), 153.2 (C-
6), 150.5 (C-9), 33.6 (C-15), 32.4 (C-14), 28.4 (C-
16), 22.7 (C-17), 21.9 (C-18), 20.0 (C-19, 20, 21 ,22,
23, 24), 13.7 (C-25). MS (ESI) m/z = 345.2 [M]+.
Analysis: calcd. for C20H31N3O2 (345.4): C 69.53, H
9.04, N 12.16%; found: C 69.80, H 9.07, N 12.11.

Anti-mycobacterial activity 

Anti-mycobacterial activity was performed at
the Research Center, College of Pharmacy, King
Saud University, Riyadh, Saudi Arabia. The tested
Mycobacterium strains are M. intercellulari (ATCC
35734), M. xenopi (ATCC 14470), M. cheleneoi
(ATCC 35751) and M. smegmatis (ATCC 35797)
using Rist and Grosset proportion method, agar dilu-
tion method (28). The synthesized compounds
(3añe), (4añe) and INH were dissolved in DMSO at
a concentration of 1 mg/mL. The appropriate aliquot
of each solution was diluted with 10% molten agar
to give concentrations of 100 µg/mL. The agar and
the compound solution were mixed thoroughly and
the mixture was poured into Petri dishes on a level
surface to result in an agar depth of 3 to 4 mm and
allowed to harden. The inocula were prepared by
growing overnight culture in Mueller-Hinton broth.
The cultures were diluted 1 : 100. The tested organ-
isms were streaked in a radial pattern and plates
were incubated at 35OC for 48 h to check the growth
of the tested strains at this single concentration.
Active compounds were further diluted and tested
by the same way to determine the minimum
inhibitory concentration (MIC) of these compounds.
Experiment using the tested strains in a medium free
of the investigated compounds was also carried out.

RESULTS AND DISCUSSION

4-Thiazolidinone (3añe) and 1,3,4-oxadiazole
(4añe) derivatives of INH were synthesized by reac-
tion of Schiff bases (2añe) with thioglycolic acid in
the presence of chlorinated silica and anhydrous
acetic anhydride, respectively, to obtain anti-
mycobacterial agents in good yield. The condensa-
tion was carried by using equimolar amount of the
Schiff bases, mercaptoacetic acid, and 25 mmol %
of silica chloride. The reaction was monitored by
thin layer chromatography (TLC) and was found to
reach completion in 4 h giving 60ñ80% yields of the
4-thiazolidinones (29).

1,3,4 -Oxadiazoles (4añe) were obtained by
refluxing Schiff bases (2añe) in excess of anhydrous
acetic anhydride for 4 h. The excess of acetic anhy-
dride was distilled off to obtain pure compounds
with 65ñ80% yields. The purity of the synthesized
compounds was checked by thin layer chromatogra-
phy (TLC) and elemental analysis. The structure of
the compounds were identified and confirmed by
spectral data. The IR spectra of 4-thiazolidinone
derivatives (3añe) exhibited in each case, a band in
the region of 3300ñ3200 cm-1 due to NH stretching,
3100ñ3000 cm-1 due to CH stretching, 1700ñ1710
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cm-1 due to carbonyl of thiazolidinone and 1680 cm-1

due to carbonyl absorption, whereas the IR spectra
of 1,3,4-oxadiazole derivatives (4añe) exhibited in
each case, a band in the region 1564ñ1560 cm-1 due
to C=N stretching, 1680ñ1670 cm-1 due to carbonyl
absorption. In the 1H NMR spectra, the signals of the
synthesized compounds were verified on the basis of
their chemical shifts, multiplicities and coupling
constants. The spectra of the 4-thiazolidinone deriv-
atives (3añe) showed the characteristic D2O

exchangeable NH protons at δ 11.1ñ11.7 ppm, CH2

(thiazolidinone) protons at δ 3.6ñ3.7 ppm, CH (thia-
zolidinone) proton at δ 4.8ñ5.0 ppm in addition to
aromatic protons at δ 7.3 ppm with J value of 4 Hz,
and δ 8.8 ppm with J value of 4 Hz. The spectra of
1,3,4-oxadiazole derivatives (4añe) showed the
characteristic COCH3 protons at δ 1.9 ppm, CH
(1,3,4-oxadiazole) proton at 6.3ñ6.9 ppm in addition
to pyridyl protons at δ 7.8 ppm with J value of 4 Hz,
and δ 8.8 ppm with J value of 4 Hz. The mass spec-

Table 1. Lipophilicity (Clog P) and in vitro antimycobacterial activities of compounds (3añe) and (4añe).

Compound
C log Pa

MIC (µg/mL) 
No. M. intercellulari M. xenopi M.  cheleneoi M.  smegmatis

3a 0.63 >100 >100 >100 >100

3b 2.03 50 50 50 50

3c 3.09 25 25 25 25

3d 3.62 25 25 25 25

3e 4.16 6.0 6.0 6.0 6.0

4a 0.22 >100 >100 >100 >100

4b 2.88 >100 >100 >100 >100

4c 3.94 25 25 25 25

4d 4.47 25 25 25 25

4e 5.00 6.0 6.0 6.0 6.0

Isoniazid 0.67 12.5 12.5 12.5 12.5

aC log P was calculated using software Chem Office 6.0.

Scheme 1. Synthesis of 4-thiazolidinone (3añe) and 1,3,4-oxadiazole (4añe) derivatives of isoniazid.
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tra of the compounds showed the molecular ion
peaks [M]+ and [M + 1]+. The elemental analysis of
CHN and S were within ± 0.4% and 0.3%, respec-
tively, of the theoretical values. 

Anti-mycobacterial activity

The synthesized compounds (3añe) and (4añe)
were evaluated for their anti-mycobacterial activity
in vitro against four Mycobacterium strains:
Mycobacterium intercellulari (ATCC 35734),
Mycobacterium xenopi (ATCC 14470),
Mycobacterium cheleneo (ATCC 35751) and
Mycobacterium smegmatis (ATCC 35797) by agar
dilution method according to the protocol described
in the experimental section similar to that recom-
mended by the National Committee for Clinical
Laboratory Standards (NCCLS) for the determina-
tion of MIC (30). INH was used as a reference drug
and control experiments were done using a growth
media free from drugs or the tested compounds.
Results of the in vitro anti-mycobacterial activity of
the tested compounds along with the standard drug
for comparison are given in Table 1. Compound 3e,
N-(4-oxo-2-undecylthiazolidin-3-yl)isonicotinamide
and 4e, N-acetyl-4-(5-undecyl-1,3,4-oxadiazol-2-
yl)pyridine presented significant growth inhibition
against all strains of Mycobacterium with minimum
inhibitory concentration (MIC) 6.0 µg/mL, with the
highest C log P value of 4.1 and 5.0, respectively.
Compounds 3c, 3d, 4c and 4d showed growth inhi-
bition against all strains of Mycobacterium with min-
imum inhibitory concentration (MIC) 25 µg/mL.
Compound 3b also showed growth inhibition against
all strains of Mycobacterium with MIC 50 µg/mL,
with C log P value of 2.03. Compound 3a, 4a and 4b

revealed no activity on the tested strains up to the
concentration of 100 µg/mL. The active compounds
3e and 4e were found to be more potent than first line
anti-tubercular drug INH under investigation condi-
tions. Lipophilicity of the drug molecules may make
them more capable of penetrating various biomeme-
branes, consequently improving their permeation
properties towards microbial cell membranes (31).
Correlation between lipophilicity and anti TB has
been reported (32). Lipophilicity of the synthesized
compounds expressed in the term of their C log P
values, is shown in Table 1. All the compounds pre-
sented lipophilicity higher than that of INH except 3a

and 4a. Another raised hypothesis explores the pos-
sibility that compounds 3b, 3c, 3d, 4c and 4d could
be acting as INH prodrugs. According to Scior and
Garces-Eisele, the pharmacological role of INH
derivatives (isonicotinoyl hydrazones, hydrazides,
and amides) must be considered as bio-reversible

prodrugs of INH or isonicotinic acid. Worse activi-
ties showed by these kinds of structures can be
explained by the compounds with a structural gain of
stability against prodrug hydrolysis (33). None of
them showed more potency than INH against the
Mycobacterium. Although oxadiazole nucleus is very
stable to acid hydrolysis, it has been reported that it
may be chemically hydrolyzed with a strong base
and heating leading thus to the generation of acyl-
INH, which are very likely to be completely
hydrolyzed to INH (34). It was reported that 5-low
alkyl homologues (methyl, ethyl and propyl-1,3,4-
oxadiazol-2-yl)pyridines showed a low tuberculosta-
tic in vitro effect (35). Apparently, it is necessary to
increase the steric hindrance at position 5 of oxadia-
zole moiety in order to improve the biological activ-
ity of these derivatives. It also implies that lipophilic-
ity plays an important role in the bioactivity of these
compounds.

CONCLUSION

4-Thiazolidinone (3añe) and 1,3,4-oxadiazole
(4añe) derivatives of INH were synthesized and evalu-
ated for their in vitro anti-mycobacterial activity against
four Mycobacterium strains: M. intercellulari (ATCC
35743), M. xenopi (ATCC 14470), M. cheleneo
(ATCC 35751) and M. smegmatis (ATCC 35797). The
present results highlight the importance of lipophilicity
of these compounds to present good anti-mycobacteri-
al activity. The high activity of compounds 3e and 4e

makes them suitable hits for additional in vitro and in
vivo evaluations, in order to develop new anti-
mycobacterial drugs or prodrugs with potential use in
the tuberculosis treatment. Further studies in this area
are in progress in our laboratory.

Acknowledgment 

The author is thankful to Deanship of
Scientific Research and Research Center, College of
Pharmacy, King Saud University. 

REFERENCES

1. Burman W.J., Jones B.E.: Am. J. Respir. Crit.
Care Med. 164, 7 (2001).

2. Cocco M.T., Congiu C., Onnis V., Pusceddo
M.C., Schivo M.L., De Logu A.: Eur. J. Med.
Chem. 34, 1071 (1999).

3. Sriram D., Yogeeswari P., Madhu K.: Bioorg.
Med. Chem. Lett. 15, 4502 (2005).

4. Shindikar A.V., Viswanathan C.L.: Bioorg.
Med. Chem. Lett. 15, 1803 (2005).



770 MASHOOQ A. BHAT

5. Janin Y.L.: Bioorg. Med. Chem. 15, 2479
(2007).

6. Maccari R., Ottana R., Bottari B., Rotondo E.,
Vigorita M.G.: Bioorg. Med. Chem. Lett. 14,
5731 (2004).

7. Maccari R., Ottana R., Vigorita M.G.: Bioorg.
Med. Chem. Lett. 15, 2509 (2005).

8. Sinha N., Jain S., Tilekar A., Upadhayaya R.S.,
Kishore N., Jana G.H., Arora S.K.: Bioorg.
Med. Chem. Lett. 15, 1573 (2005).

9. Mohamed S., Ibrahim P., Sadikun A.:
Tuberculosis 84, 56 (2004).

10. Rastogi N., Goh K.S.: Antimicrob. Agents
Chemother. 34, 2061 (1990).

11. Hearn M.J., Cynamon M.H.: Drug Des. Discov.
18, 103 (2003).

12. LourenÁo M.C., Ferreira L., de Souza M.V.,
Peralta M.A., Vasconcelos T.R., Henriques
M.G.: Eur. J. Med. Chem. 43, 1344 (2008).

13. Fu L.M., Shinnick T.M.: Tuberculosis 87, 63
(2007).

14. Liu H.L., Lieberzeit Z., Anthonsen T.:
Molecules 5, 1055 (2000).

15. Babaoglu K., Page M.A., Jones V.C., McNeil
M.R., Dong C., Naismith J.H., Lee R.E.:
Bioorg. Med. Chem. Lett. 13, 3227 (2003).

16. Barreca M.L., Chimirri A., De Luca L.,
Monforte A.M., Monforte P., Rao A., Zappal‡
M. et al.: Bioorg. Med. Chem. Lett. 11, 1793
(2001).

17. Diurno M.V., Mazzoni O., Piscopo E.,
Calignano A., Giordano F., Bolognese A.: J.
Med. Chem. 35, 2910 (1992).

18. Archana, Srivastava V.K., Kumar A.: Eur. J.
Med. Chem. 37, 873 (2002). 

19. Andres C.J., Bronson J.J., DíAndrea S.V.,
Deshpande M.S., Falk P.J., Grant-Young K.A.,
Harte W.E. et al.: Bioorg. Med. Chem. Lett. 10,
715 (2000).

20. Mamolo M.G., Zampieri D., Vio L., Fermeglia
M., Ferrone M., Pricl S., Scialino G., Banfi E.:
Bioorg. Med. Chem. 13, 3797 (2005).

21. Navarrete-Vazquez G., Molina-Salinas G.M.,
Duarte-Fajardo Z.V., Vargas-Villarreal J.,

Estrada-Soto S., Lez-Salazar F.G., Hernandez-
Nunez E., Said-Fernandez S.: Bioorg. Med.
Chem. 15, 5502 (2007).

22. Almasirad A., Tabatabi S.A., Faizi M.: Bioorg.
Med. Chem. Lett. 14, 6057 (2004).

23. Tan T., Chen Y., Kong K, Bai J., Li Y., Lim S.,
Ang T., Lam Y.: Antiviral Res. 71, 7 (2006).

24. Gaonkar S., Rai K., Prabhuswamy B.: Eur. J.
Med. Chem. 41, 841 (2006).

25. Palmer J.T., Hirschbein B.L., Cheung H.,
McCarter J., Janc J.W., Walter Z.Y.,
Wesolowski G.: Bioorg. Med. Chem. Lett. 16,
2909 (2006).

26. Aboraia A.S., Abdel-Rahman H.M., Mahfouz
N.M., El-Gendy M.A.: Bioorg. Med. Chem. 14,
1236 (2006).

27. Bhat M.A., Abdel-Aziz H.A., Ghabbour H.A.,
Hemamalini M., Fun H.K.: Acta Crystallogr.
Sect. E 68 (14), o1144 (2012).

28. Canetti G., Rist N., Grosset J.: Rev. Tuberc.
Pneumol. (Paris) 27, 217 (1963).

29. Mali J.R., Pratap U.R., Netankar P.D., Mane
R.A.: Tetrahedron Lett. 50, 5025 (2009).

30. National Committee for Clinical Laboratory
Standards. Performance standards for antimi-
crobial disk susceptibility tests, 7th edn.
Approved standard. M2-A7. NCCLS, Wayne,
PA 2000.

31. Sivakumar P.M., Seenivasan S.P., Kumar V.,
Doble M.: Bioorg. Med. Chem. Lett. 17, 1695
(2007).

32. Imramovsk˝ A., Polanc S., Vinöov· J., KoËevar
M., JampÌlek J., ReËkov· Z., Kaustov· J.:
Bioorg. Med. Chem. 15, 2551 (2007).

33. Scior T., Garces-Eisele S.J.: Curr. Med. Chem.
13, 2205 (2006).

34. Rekkas S.A., Rodios N.A., Alexandrou N.E.:
Synthesis 5, 411 (1986).

35. Novotny A., Brezik Z., Pridal J., Kalfus K.:
Cesk. Farm. 7, 517 (1958). see Chem. Abstr.
1958, 53, 10191a.

Received: 15. 10. 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


