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Abstract: In the present investigation, a series of 3-(4-methoxyphenyl)-1-isonicotinoyl-5-(substituted phenyl)-formazans
(5a-r) were synthesized by condensation of schiff base (3) and diazonium salt of various substituted aromatic amines, (3a-r).
The intermediate schiff base (3) was itself synthesized by condensation of isonicotinic acid hydrazide with 4-
methoxybenzaldehyde (2). The structures of the compound have been confirmed by elemental analysis and spectral analysis.
Newly synthesized compounds were tested for their in vitro anti-tubercular activity against Mycobacterium tuberculosis
H37Rv using the BACTEC 460 radiometric system. Among the synthesized compounds some of them have shown significant
antitubercular activity.
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Introduction
The high number of multidrug-resistant
Mycobacterium  tuberculosis ~ strains  circulating

worldwide has increased concern that tuberculosis (TB)
may once again become an incurable disease and has
emphasized the need for new drugs to treat this infection.
Over the last few years, extensively drug-resistant TB,
defined as TB caused by M. tuberculosis strains resistant
to isoniazid (INH), rifampin, any fluoroquinolone, and
one of the injectable drugs amikacin, kanamycin, and
capreomycin, has become a major concern for TB
treatment and control in the global setting'®. In addition,
strains with resistance to all of the major clinically used
antitubercular drugs are known'’, thus answering the
question posed by Dye and Espinal, “Will tuberculosis
become resistant to all antibiotics?” .

In the 1960s and 1970s, several monosubstituted
isonicotinohydrazides =~ were reported to  possess
appreciable in vivo antimycobacterial activity linked to
the release of parental INH'*"". Also, our research group
has previously published several papers, in which the
synthesis and primary biological valuation of a large
number of heterocyclic derivatives were described'®>'.

To our knowledge, formazans with such anti-infective
properties have not been reported before. Thus, to extend
our antitibuercular research22’23, different formazans
derivatives using isoniazid were synthesized and
evaluated as antibacterial agents®*. Some of them showed
good in vitro parameters. In this report, we detail the in
vitro antitubercular activities of various formazan
derivatives(Scheme — 1).

Experimental

All the melting points were taken in open
capillaries tube and are uncorrected. The purity of
compounds was checked routinely by TLC (0.5 mm
thickness) using silica gel — G coated Al — plates (Merck)
and spots were visualized by exposing the dry plates in
iodine vapours. IR spectra (Vi in cm'l) were recorded
on Shimadzu FTIR spectrophotometer using KBr or
Nujol technique.'H & "“C NMR spectra on a Bruker’s
WM 400 FT MHz NMR instrument using CDCl; or
DMSO-d¢ as solvent and TMS as internal reference
(chemical shifts in & ppm). The elemental analysis (C, H,
N) of compounds was performed on Carlo Erba — 1108
elemental analyzer.
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N’-(4-methoxybenzylidene)isonicotinohydrazide 3.
Title compound was synthesized using earlier
method.** .
3-(4-methoxyphenyl)-1-isonicotinoyl-5-
phenylformazan, 5a.
Aniline (4a) (0.01 mole) in aqueous HCI(10ml) was
reacted with N'—(4—
methoxybenzylidene)isonicotinohydrazide (0.01 mole)
following the procedure described in reported
literature®**. The progress of reaction was monitored by
TLC using acetone:ethanol:chloroform (1:3:6) as eluent.
The dark coloured product obtained was crystallized from
ethanol. Yield 83%, mp 144~45°C. IR(Vyax In cm'l):
3310(NH), 1330 (CN), 1680(CO) 1610(N=C of schiff
base), 1590(N=N), 1256(0CH;). 'H NMR(CDCl;) &
ppm: 3.81(s, 3H, OCHj;), 12.15 (s, 1H, CONH, D,O
exchangeable),  7.79-8.10(m,13H,  ArH).  “C
NMR(CDCly) & ppm: 55.7(0CH;), 151.5(N=C),
163.2(CO), 114.9, 120.7, 122.8, 127.1, 129.0, 130.1,
141.9, 148.1, 161.0, (Ar-C).
Other compounds, 5b-r were prepared in similar manner
and characterization data of 5b-m are reported in
literature®*, while 5n-r are given in Table — 1.
Selected spectral data of the products, Sn-r.
3-(4-methoxyphenyl)-5-(2,4-dichlorophenyl)-1-
isonicotinoyl-formazan, 5n.
IR (Viax In cm'l): 3100 (Aromatic CH str), 3340(NH),
1345(CN), 2800 (OCH3;), 1670(CO), 1612(N=C of Schiff
base), 1572(N=N of formazans), 812(C-Cl). 'H
NMR(DMSO-dg) 6 ppm: 3.91(s, 3H, OCH3), 10.12(s, 1H,
CONH, D,O exchangeable), 7.15-7.85(m, 11H, Ar-H).
BC NMR(DMSO-dg) & ppm: 61.2(OCH3), 155.0(N=C),
163.7(CO), 112.6, 119.7, 124.9, 125.0, 127.9, 1284,
129.6, 133.7, 138.8, 147.9, 160.1(Ar-C).
3-(4-methoxyphenyl)-5-(2,5-dichlorophenyl)-1-
isonicotinoyl-formazan, So.
IR (Viax in cm™): 3111 (Aromatic CH str), 3335(NH),
1340(CN), 2811 (OCH3), 1675(CO), 1615(N=C of Schiff
base), 1577(N=N of formazans), 814(C-Cl). 'H
NMR(DMSO-dg) 6 ppm: 3.94(s, 3H, OCHs), 10.14(s, 1H,
CONH, D,O exchangeable), 7.25-7.90(m, 11H, Ar-H).
BC NMR(DMSO-dg) & ppm: 60.9(OCH3), 155.0(N=C),
164.1(CO), 111.8, 120.1, 125.1, 126.2, 128.1, 129.5,
130.7, 134.8, 139.9, 148.1, 161.3 (Ar-C).
3-(4-methoxyphenyl)-5-(2,6-dichlorophenyl)-1-
isonicotinoyl-formazan, Sp.
IR (Vmax in cm™): 3121 (Aromatic CH str), 3340(NH),
1345(CN), 2821 (OCH3;), 1670(CO), 1612(N=C of Schiff
base), 1579(N=N of formazans), 818(C-Cl). 'H
NMR(DMSO-d6) & ppm: 10.18(s, 1H, CONH, D,O
exchangeable), 7.25-7.92(m, 11H, Ar-H). Bc
NMR(DMSO-d¢) & ppm: 60.1(OCHj3), 155.7(N=C),
164.1(CO), 113.9, 121.2, 127.3, 129.2, 129.9, 135.9,
139.1, 149.9, 160.9 (Ar-C).
3-(4-methoxyphenyl)-5-(2-hydroxyphenyl)-1-
isonicotinoyl-formazan, 5q.
IR (Vmax in cm™): 3129 (Aromatic CH str), 3560 (OH),
3325(NH),  1325(CN), 2829(OCHj;), 1684(CO),
1621(N=C of Schiff base). 'H NMR(DMSO-d¢) & ppm :
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3.99(s, 3H, OCH;), 10.22(s, 1H, CONH, DO
exchangeable), 5.29(s, 1H, OH), 7.80-8.87 (m, 13H, Ar-
H). °C NMR(DMSO-d¢) & ppm: 61.7(0OCH;), 162.7
(N=C), 169.1(CO), 114.9, 119.1, 121.7, 127.2, 127.9,
129.2,130.7, 131.9, 134.7, 137.9, 148.1, 160.1(Ar-C).
3-(4-methoxyphenyl)-5-(4-hydroxyphenyl)-1-
isonicotinoyl-formazan, Sr.
IR (Vimax in cm): 3127 (Aromatic CH str), 3569 (OH),
3329(NH),  1327(CN),  2829(OCH;), 1683(CO),
1627(N=C of Schiff base). '"H NMR(DMSO-dg) & ppm :
4.01(s, 3H, OCHs;), 10.21(s, 1H, CONH, D,O
exchangeable), 5.18(s, 1H, OH), 7.82-8.89 (m, 13H, Ar-
H). °C NMR(DMSO-d¢) & ppm: 62.6(0OCH3), 162.1
(N=C), 169.2(CO), 114.1, 115.7, 121.3, 127.4, 129.2,
130.3, 131.2, 134.6, 138.2, 160.1 (Ar-C).
Pharmacology
Anti-mycobacterial activity
The primary screening was conducted at
concentration of 12.5 or 6.25 mg/ml (or molar equivalent
of highest molecular weight compound in a series of
congeners) against M. tuberculosis H37Rv (ATCC27294)
in BACTEC 12B medium using the BACTEC 460
radiometric system®* *’. Compounds demonstrating at
least 90% inhibition in the primary screen were re-
examined at lower concentration (MIC) in broth micro-
dilution assay with Almar Blue. The MIC was defined as
the lowest concentration inhibiting 99% of the inoculum.
Concurrent with the determination of MICs, compounds
were tested for cytotoxicity (IC50) in VERO at
concentration equal to and greater than the MIC for M.
tuberculosis H37Rv after 72 h of exposure, viability is
assessed on the basis of cellular conversion of MTT into
a formazan product using the Promega Cell Titer 96 Non-
radioactive Cell proliferation assay. The data are
presented in Table 2.

26,27

Results and discussion
Chemistry

Target compound (5a-r) were prepared
according to Scheme 1. Condensation of Isonicotinic
acid hydrazide (1) with 4-methoxybenzaldehyde in
presence of ethanol as a reaction medium gave schiff
base (3). Formation of (3) was confirmed by appearance
of IR band in the region 1625 cm™ due to -N=CH- group,
1665 cm™ due to >C=0 group of amide, 3340 cm™' due to
-NH- group (secondary amine) of (3) and disappearance
of IR band in the region 3378 cm” & 1710 cm’
corresponding to NH, group and CHO group of
isonicotinic  acid  hydrazide (1) and 4-
methoxybenzaldehyde (2) respectively. 'H NMR spectra
showed a singlet at 6 8.86 ppm due to >N=CH- (1H) of
schiff base (3) and disappearance of signal at & 2.60 ppm
due to -NH, (2H) of isonicotinic acid hydrazide (1) and
3 9.5 ppm due to —CHO (1H) of 4-methoxybenzaldehyde
(2). Similarly, >C NMR spectra showed a signal at 9§
145.6 ppm due to N=C of schiff base (3). Further reaction
of schiff base (3) and diazonium salt of substituted
aromatic amines (4a-r) in pyridine at 0-5 °C afforded
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substituted formazans (5a-r). These compound show IR
absorption band at 1600-1615 cm™ due to —C=N- group,
1660-1675 cm™ due to >C=0 group of amide, 3335-3355
cm’' due to -NH- group (secondary amine) and 1570-
1585 cm’ due to -N=N- group and the disappearance of
bands at 1625 cm (N=C) also confirmed the formation
of (5a-r). '"H NMR spectra of formazans (5a-r) shows
disappearance of singlet & 8.96 ppm due to >C=NH- of
compound (3). The synthetic route of above mentioned
compounds is shown in Scheme 1.
Pharmacology

All the newly synthesized substituted formazan
derivatives (5a-r) were tested for their anti-mycobacterial
activity in vitro against M. tuberculosis H37Rv using the
BACTEC 460 radiometric system. The results are
summarized in Tables 1 and 2 with INH, a standard used
for comparison. Among them, compound 3-(4-
methoxyphenyl)-5-(2,4-dichlorophenyl)-1-isonicotinoyl-
formazan (5m) and  3-(4-methoxyphenyl)-5-(2,6-
dichlorophenyl)-1-isonicotinoyl-formazan (5p) produced
highest efficacy and exhibited >90% inhibition at a
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concentration of 0.0179 uM and 0.0149 uM followed by
3-(4-methoxyphenyl)-5-(2-methoxyphenyl)-1-
isonicotinoyl-formazan (5b), 3-(4-methoxyphenyl)-5-(4-
methoxyphenyl)-1-isonicotinoyl-formazan (5d) and 3-(4-
methoxyphenyl)-5-(2,5-dichlorophenyl)-1-isonicotinoyl-
formazan (50) which showed moderate inhibitory activity
with 0.0277 uM, 0.0203 pM, 0.0292 puM respectively.
Thus, the 2,4- dichloro and 2,6- dichloro groups
substitution derivatives displayed relatively higher
inhibitory activity in general. However, the electron
rich groups such as, 2,4-dichloro, 2,5-dichloro, 2,6-
dichloro, 2-methoxy, 3- methoxy and 4-methoxy
substituted analogues produced significant increase in
inhibitory activity against M. tuberculosis H37Rv. On
the other hand analogues with methyl group substitution
(5k-m) and phenyl substitution (5a) showed relatively
low inhibitory activity against M. tuberculosis H37Rv.
Instead (OH) group, (CH;) group and (NO;) group
substitution at phenyl ring in formazan analogues
worsens the anti-mycobacterial activity in comparison to
(Cl) group analogues.

O
o A (0]
_NH, N//N\\
H + _—
N
N / Hzo A
OCHj
1 2 3
OCH;
R
Pyridine
N
NZ
Ccr
4a-r
J R
(0]
N N
/ N/ AN %N
H
N
5a-r
OCH;

Scheme-1: Synthetic route to 3-(4-methoxyphenyl)-1-isonicotinoyl-5-(substituted phenyl)-

formazans 5a-r.
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Table — 1: Characterization data of 3 and Sa-r.

Compd. R Melting Yield Amax Anal. Calcd. (found)/ %
point(°C) (%) in nm C H N
(DMF)

3 - 160 ~ 62 70 ~ 71 310 64.19 4.14 17.28
(64.29) (4.18) (17.38)

Sa H 144 ~ 45 83~ 84 282 66.84 4.77 19.49
(66.92) (4.82) (19.34)

5b 2-OCH; 142 ~ 44 72 ~74 371 64.77 4.92 17.98
(64.82) (4.87) (17.77)

Sc 3-OCH; 146 ~ 47 81 ~82 372 64.77 4.92 17.98
(64.72) (4.90) (17.79)

5d 4-OCH; 149 ~ 50 77 ~179 379 64.77 4.92 17.98
(64.76) (4.87) (17.89)

Se 2-NO, 129 ~ 31 69 ~ 71 275 59.40 3.99 20.78
(59.37) (3.89) (20.89)

5f 3-NO, 134 ~ 36 62 ~ 67 272 59.40 3.99 20.78
(59.67) (3.79) (20.81)

5g 4-NO, 127 ~29 69 ~ 71 277 59.40 3.99 20.78
(59.43) (3.77) (20.84)

Sh 2-Cl 136 ~ 38 70 ~73 302 60.99 4.09 17.78
(60.79) (4.09) (17.79)

5i 3-Cl 139 ~40 76 ~77 303 60.99 4.09 17.78
(60.79) (4.11) (17.91)

5j 4-Cl 148 ~ 49 79 ~ 81 307 60.99 4.09 17.78
(60.82) (4.18) (17.92)

5k 2-CH; 130 ~ 33 80 ~ 82 281 67.55 5.13 18.76
(67.67) (5.18) (18.82)

51 3-CH; 135~36 84 ~ 86 286 67.55 5.13 18.76
(67.72) (5.21) (18.78)

S5m 4-CH; 139 ~40 87 ~ 89 287 67.55 5.13 18.76
(67.77) (5.18) (18.96)

5n 2,4-(Cl), 183 ~ 84 81 ~ 82 261 56.09 3.53 16.35
(56.28) (3.69) (16.21)

50 2,5-(Cl), 181 ~ 83 74 ~76 272 56.09 3.53 16.35
(56.17) (3.77) (16.27)

5p 2,6-(Cl), 187 ~ 89 71 ~72 266 56.09 3.53 16.35
(56.22) (3.66) (16.38)

5q 2-OH 166 ~ 69 61 ~62 311 63.99 4.56 18.66
(64.11) (4.73) (18.72)

Sr 4-OH 172 ~74 64 ~ 66 318 63.99 4.56 18.66
(64.18) (4.79) (18.79)

All the newly synthesized compounds (5a-r) were
tested for cytotoxicity (IC50) in VERO cells at
concentrations of 62.5 mg/ml or 10 times. After 72 h of
exposure, viability was assessed on the basis of
cellular conversion of MTT into a formazan product
using the Promega Cell Titer 96 Non-radioactive Cell
proliferation method. Most of the active compounds

were found to be non-toxic till 62.5 mg/ml. Among the
newer derivatives, it is conceivable that derivatives
showing anti-mycobacterial activity can be further
modified to exhibit better potency than the standard

drugs. Thus, newly synthesized formazan derivatives
discovered in this study may provide valuable therapeutic
intervention for the treatment of anti-tubercular diseases.

Conclusion

Formazans  derivatives  were  synthesized and
characterized for their structure elucidation. Various
chemical and spectral data supported the structures
thought of. Antimycobacterial data of compounds Sn and
Sp are showing highest efficacy and exhibited >90%
inhibition at lower concentration.
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Table — 2: Anti-mycobacterial activity substituted formazans, Sa-r

Primary
Comp Screen % Concentration Actual MIC
) (6.25 Inhibition (uM) (ng/mL)
ng/mL)
S5a >12.5 48 0.0949 -
5b >6.25 87 0.0277 -
S¢ >6.25 82 0.0308 -
5d <6.25 89 0.0203 6.25
Se >12.5 22 0.1902 -
5f >12.5 27 0.1101 -
Sg >12.5 36 0.1477 -
Sh >12.5 66 0.0650 -
5i >12.5 67 0.0640 -
5j >12.5 69 0.0643 -
Sk >12.5 26 0.2809 -
51 >12.5 24 0.2000 -
Sm >12.5 28 0.2109 -
S5n <6.25 92 0.0179 6.00
50 >6.25 85 0.0292 -
S5p <6.25 94 0.0149 6.25
5q >12.5 32 0.1022 -
Sr >12.5 46 0.0979 -

Isoniazid (0.025 — 0.05 mg/mL).
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