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Abstract: Problem statement: Tuberculosis is a leading global mortality factanich has not been
effectively controlled, with 1.7 million deaths pgear and 8.9 million new cases. Aerobic microbe
Mycobacterium tuberculosis H37Rv (MTB) is the causative agent of tuberculogithough many
active antitubercular agents have since been deed|arug resistance will continue to be a problem.
Therefore, there is a clear need for the discoeénew derivatives with antitubercular activity fitre
management of tuberculosis. It was observed fraarliterature that pyridine nucleus have significant
antitubercular activity. On the basis of that weédaynthesized some new derivatives of pyridines an
investigated their antimycobacterial properti@pproach: Two series of 3-cyano-4, 6-dimethyl-2-
(Alkyl/Arylithio) pyridine and 4, 6-dimethyl-2-(Allgl/Arylithio) nicotinamide have been designed and
synthesized from malanonitrile. The title compoundse evaluated at 12.5, 25 and 100 ug'mL
concentrations for their anti tubercular activitgaanst Mycobacterium tuberculosis Hz; Rv using
Lowenstein Jensen method (proportion methodjesults: Many of the synthesized compounds
exhibit significant anti tubercular activity in cq@arison to Isoniazide while other compounds have
shown promising ant tubercular activity. All the n#lyesized compounds screened for
antimycobacterial activity were found significantigtive againsM. tuberculosis at the concentration
12.5 pg mLC*. Conclusion: The antituberculosis screening data revealed thtteatested compounds
3a-3d and 4a-4d showed moderate to very good tonjbactivity. The compounds 4a-4d showed very
good antituberculosis activity. The good activiyaittributed to the presence of substituted alkylg

at position-2 and amide group at position-3 of giyre ring. Structure Activity Relationship (SAR)
study reveals that with the increase in the chamgth of alkyl group at position-2 has tremendously
increased the activity of the title molecules.

Key words: Substituted pyridines, lowenstein jensen methoditurercular activity, synthesized
compoundsMycobacterium tuberculosis, Acid Fast Bacillus (AFB)

INTRODUCTION patients throughout the world. Although many active
antitubercular agents have since been developed, a
Tuberculosis is a characterized as a chronidisturbing co-occurrence with the use of preseogsr
bacterial infection caused by Mycobacterium  as single agent has developed drug resistance
tuberculosis, an aerobic Acid Fast Bacillus (AFB). TB (Swaminathan, 2002; Pattlal., 2007; Williamset al.,
is contagious and spreads through the air; if resitéd  2002; Attabyet al., 1999; Rajni and Meena, 2011). The
properly, each person infects average 10-15 peopldevelopment of this resistance can be forestalled
every year. 2 billion people, equal to one thirdtlié  through the use of combination regimens, it isrcthat
world’s total population, are infected with TB bilici drug resistance will continue to be a problem.
Two of every five person-more than 400 million haveTherefore, there is a clear need for the discogénew
latent tuberculosis infection. Tuberculosis is eatly  derivatives with antitubercular activity for the
the leading killer of the youth, women and AIDS management of tuberculosis. It was observed fraen th
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literature that certain six member heterocyclicwas added. The mixture was continuous bubbled with
compounds possess interesting biological activityH,S gas for 3-4 h. with occasional shaking. Two crops
Among them the compounds bearing pyridine nucleusf crystals were isolated. Recrystallized from atiia
have wide applications in medicinal chemistry. &hes to yield 7.5 g (75% w/w) of crystalline product. RA.
compounds also have been reported to have sigmtifical15-116°C (116-117°C).

antitubercular activity (Agrawat al., 2007).

In view of these facts and in continuation of ourSynthesis of 3-Cyano-4,6-dimethyl-2-
studies on the synthesis of biologically activessiited =~ Mercaptopyridine (2) (Schmidth and Kubitzek,
pyridines, it was considered of interest to syriiees 1960): To a suspension of thiocyanoacetamide (10 g, 0.1
2,3,4,6 tetra substituted pyridine compounds. FaRS Mol) in ethanol (100 mL), a mixture of acetylaceqh0
study, alkyl substituent has been introduced atipps 2 9. 0.1 mol) and triethylamine (1 mL) was added
to increase the lipophilicity. On the other hand;yano ~ dropwise with constant shaking. The mixture was
group has been replaced with the amide group. ilae t allowed to stand at room temperature for 1 h. Solid

compounds thus synthesized were evaluated forahneir obtained was filtered under suction, dried and
tubercular properties. recrystallized from ethanol, to yield 12.49 g (28@v/w)

of crystalline product M.P. 260-261°C (264°C).

MATERIALSAND METHODS General procedure for the synthesis of 3-cyano-4,6-

Chemistry: The synthesis of 3-cyano-4, 6-dimethyl-2- dimethyl-2-alkylthiopyridine (3a-3d): 3-cyano-4,6-
alkylthiopyridines  and 4, 6-dimethyl-2-(alkyithio) dimethyl-2-alkylthiopyridines (3a-3d) were syntheesi
nicotinamide from malanonitrile was performed asgy aIkyIa£t1|06ndQI‘ th'r?lf‘tze anion obtalr)gq by rezantlof. h
shown in Fig. 1. In the initial step,,8 gas pass -%)_/anoh - |r_‘2|et yi- —mFe_rcaZptopyrl ine  (2)  wit
through Malanonitrile In the presence of triethyiaen S0 'Elj_g] aycorgIXIs;uatisoﬁe(;f é%o/\./v/v NaOH (15 mL), 3-
gave thiocyanocetamide which was further react Withcyano-4 6-dimethyl-2-mercapot0pyridine (1.64 g 10 0
;C;?;aggto?%in ;O (2)ga¥?1e Sg;n%jh q SG_:? ;r_gedthz\llfr_mol) was added. The mixture was stirred at 5-10°C.
s ntheF;izgﬁ b rea.ctin c ar?o-4 6-dimeth |_2_el'etrabutyl ammonium bromide was added as a phase
y y g Y X Y% transfer catalyst. Then Alkyl halide in ethanol1{®ol

mercaptopyridine  (2) with alkyl/aryl halide. . )
i , , in 10 mL ethanol) was added dropwise. After conglet
Compounds 4a-4d was synthesized by acid catalyzelf t. " © Alkyl halide, mixture was further st for

hydrolysis of compounds 3a-3d. The purity of the X
synthesized compounds was controlled by TLC.A"5h and then kept overnight at room teraee.

Spectral data like IR'H NMR and mass of all the

CHy
newly synthesized compounds were in full agreement AN e CFN y C/EN ®) ﬁCN
. H»C. — 112 2!
with the proposed structures. SN ENH ];—NHZ HC” N7 “sH
. . . . 2
General: All the melting points were determined in 1 l@)
open capillaries and are uncorrected. Thin layer o o o
chromatography was performed on microscopic slides \ I on C\Hg N
. s NH;, (e
(2x7.5 cm sec) coated with Silica-Gel-G and spatsew D P J\)I .
. . . . HC”7 ON” sNa
visualized by exposure to iodine vapor. UV speutese MO S e s

recorded in UV-VIS 160A Shimadzu spectrophotometer.
IR spectra of all compounds were recorded in KBr on

FT-IR 8400S Shimadzu spectrophotometer using KBrrig. 1: (a) HS,ethanol triethylamine (b) Acetyl

R=C;H,,C,H,, C4H, ,, CH,CH,

Mass spectra were obtained using 2010EV LCMS acetone, ethanol triethylamine;  (c) NaOH, O -
Shimadzu instrumentH and**C NMR spectra were 10 °C (d) Alkyl halide (R-X), R =
obtained in CDGlon BRUKER Advance-Il 400 MHZ CsH7,C4Ho,CH13,CH,CHs, X = Cl or Br,
instrument and chemical shift were measured as part TBAB(Tetra Butyl Ammonium Bromide); (e)
per million downfield from Tetramethylsilane (TMS) H,S04(50%), reflux, 1-2h Thiocyanoacetamide
as internal standard. (1), 3-Cyano-4,6-dimethyl-2-mercaptopyridine

(2), 3-cyano-4,6-dimethyl-2-alkylthiopyridine
Experimental section: (3a-3d), R=GHs(3a), GCHy(3b), GHs(3c),
Synthesis of thiocyanoacetamide (1) (Schmidth and CH,CgHs5(3d) and 4,6-dimethyl-2-
Kubitzek, 1960): To a solution of malanonitrile (6.6 g, (alkylthio)nicotinamide (4a-4d) R = #,(4a),
0.1 moL) in ethanol (20 mL), 0.5 mL of triethylarein C4Ho(4b), GHi5(4c), CHCeH5(4d)
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Table 1: Physical characteristics of 3-cyano-4j@ethyl-2-alkylthiopyridine (3a-3d)

CHs>

Fel¥]

I
HaC I N/ SR
Molecular ~ Mol.wt Yield  Amax 'H NMR I.R.
Comp. No. R formulae g/mol B.P.(°C) M.P.(°C) (%w/w)nm) Mass (m/e) & ppm, CDCI3) (crit, KBr)
3a GH;  CuHuN,S 206  >300 61.16 311.5 207(M+1) 2964, 2421
270 163(M-43) 2216(CN)
1579(C-N)
879(C-H.pyr)
3b CHy  CiHiN:S 220 >300 8181 312 1.45(sextet,2H,S 2956, 2929(C-H)
270 (CH)2 CH, CHg),
1.70(quintet,2H,SGH 2217 (CN)
CHCH,CHj),
2.42(s,3H,-6CH 1579(C-N)
s-pyridine),
2.49(s,3H, 873(C-H pyr)
-4CHg-pyridine),
3.25(t,2H,SCHCH,.CH,CHg),
6.75(s,1H,pyridine proton)
3c GHiz  CuHaN:S 248 >300 8181 254 249 2952, 2929(C-H)
(M+1) 2216.06(C-CN)
163.2 1579(C-N)
(M-85) 873(C-H pyn)
3d CHCeHs CigHuN,S 254 87-89 55 244 255(M+1) 2979, 2929(C-H)
2216.06(C-CN)
1587(C-N)
873(C-H pyr)
CHs mercaptopyridine (1.64 g, 0.01 mol) was added. The
.. ﬁ”‘ mixture was stirred at 5-10°C. Tetrabutyl ammonium
H"C I P bromide was added as a phase transfer catalysh The
T e o Propyl bromide in ethanol (0.1mol in 10 mL ethanol)
CHe was added drop wise. After complete addition, nmextu
o, N g N o was further stirred for 4-5 h and then kept overhiat
N . N room temperature. Two layers were separated operup
| Haon 7 - an organic layered was collected and washed with water
HyC vie HaC i R
. ﬁ Synthesis of 2-(butylthio)-4,6-
he P s, dimethylnicotinonitrile(3b): To a cool solution of
9 20%w/v  NaOH (15 mL), 3-cyano-4,6-dimethyl-2-
- mercaptopyridine (1.64 g, 0.01 mol) was added. The
el = mixture was stirred at 5-10°C. Tetrabutyl ammonium
e NP Nscieg, bromide was added as a phase transfer catalysh The
@0 butyl bromide in ethanol (1.0736 mL in 10 mL ethBno
was added drop wise. After complete addition ofybut
Fig. 2: Synthesis of  3-cyano-4, 6-dimethyl-2- bromide, mixture was further stirred for 4-5 h ahdn

alkylthiopyridine (3a-3d)

Two

kept it overnight at room temperature. Two layeesav
separated out, upper organic layer was collectatl an

layers were separated out, upper organiavashed with water, to yield 1.80 g (81.81%w/w)

layered was collected and washed with waterproduct B.P.>300°C.
characteristics data of 3-cyano-4, 6-

Physical

dimethyl-2-alkylthiopyridine (3a-3d) were given in Synthesis

Table 1.
Synthesis

20%w/v

of

NaOH (15 mL),

2-(propylthio)-4,6-
dimethylnicotinonitrile(3a): To a cool solution of

of 2-(hexylthio)-4,6-
dimethylnicotinonitrile(3c): To a cool solution of
20%w/v  NaOH (15 mL), 3-cyano-4,6-dimethyl-2-
mercaptopyridine (1.64 g, 0.01 mol) was added. The
mixture was stirred at 5-10°C. Tetrabutyl ammonium

3-cyano-4,6-dimethyl-2- bromide was added as a phase transfatalyst.
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Table 2: Physical characteristics of 4, 6-dimetyhlkylthio) nicotinamide (4a-4d)

CHy o
I AN NH,
HiC N/ SR
Molecular Mol.wt Yield Amax Mass 1H NMR I.R.
Comp. No. R formulae g/mol  M.P.(°C) (%w/w) (nm) /6h @ ppm, CDCI3) (crit, KBr)
4a GH- CiiH1gNOS 224 146-148 70.55 293.5 1.01(t, 3H, SCHLCH5) 3419.59(N-H)
358 1.70(sextei, 2H, SGEH,CH;) 2929, 2956(C-H)
2.29(s, 3H,-4Chtpyridine) 1639 (C=0)
2.44(s, 3H,-6Chtpyridine) 1585.38 (C-N pyr)
3.17(t, 2H, SCHCH,CHs) 873(C-H pyri)
5.85(s, 1H, C=NH)
6.13(s, 1H,C-OH)
6.70(s, 1H, pyridine proton)
4b CGHy CioH1gN,OS 238 140-142 73.11 293.5 239 3409.91(N-H),
358 (M+1) 2929, 2954(C-H),
221.9 1635(C = 0),
(M-16) 1585(C-N pyr.),
873(C-H pyri.)
4c GHais Ci14H2oN,0S 266 112-114 80.64 254 267 3417(N-H)
(M+1) 2920, 2956(C-H)
250 1643.24(C =0)
(M-16) 1587.31(C-N pyr)
873.6(C-H pyri)
4d CHCeHs CisH16N,0S 272 132-134  75.07 244 2.28(s,3H,-4@btidine) 3369.41(N-H)

2.49(s,3H,-6CHpyridine) 2923, 2974(C-H)

4.44(s,2H,SCiTsHs)
5.58(s,1H,C=NH)
5.77(s,1H,C-OH)

1639.38(C=0)
1581(C-N pyr.
871.7(C-H pyri.)

6.74(s, 1H, pyridine proton)
7.25(5H, Ar-H)

Then hexyl bromide in ethanol (1.40 mL in 10 mL dimethyl-2-(alkylthio)nicotinamide (4a-ad). Acid
ethanol) was added dropwise. After complete additio catalyzed hydrolysis gave promising vyield in 2-
of hexyl bromide, mixture was further stirred fobs  thioalkyl derivatives as per Fig. 3.
and then kept it overnight at room temperature. Two

layers were separated out, upper organic layer waligure 2 Synthesis of
collected and washed with water, to yield 1.35 g(alkylthio)nicotinamide (4a-4d):
(81.81%w/w) product B.P. >300°C.

4,6-dimethyl-2-

) , R = GH(3a), GHy (3b), GH13(3c), CHCeHs (3d)
Synthesis of 2-(benzylthio)-4,6-
dimethylnicotinonitrile (3d): To a cool solution of
20%w/v NaOH (15 ml), 3-cyano-4,6-dimethyl-2-
mercaptopyridine (1.64 g, 0.01 mol) was added. The 3-Cyano-4, 6-dimethyl-2-(alkyllthio)pyridine (1.96
mixture was stirred at 5-10°C. Tetrabutyl ammoniumg, 0.0095 mol) was added to 12 ml of 50% vASB,
bromide was added as a phase transfer catalysh Thand reflux for 1-2 h. The reaction mixture was lgiou
benzyl chloride in ethanol (0.01mole in 10 mL ethian to room temperature and neutralized by adding 20%
was added drop wise. After complete addition ofdyen w/v NaOH solution till basic to litmus. The solid
chloride, mixture was further stirred for 4-5 h ahén  obtained was filtered under suction, dried at room
kept it overnight at room temperature. Solid ol#din temperature and recrystallized from benzene. Palysic
was collected and washed with water, to yield 1.894 characteristics data of 4, 6-dimethyl-2-
(55%w/w) product. M.P. 87-89°C (87°C). (alkylthio)nicotinamide (4a-4d) were given in Talde

R = GHy(4a), GHy (4b), GH13(4c), CHCeHs (4d)

General procedure for the synthesis of 4,6-dimethyl- Synthesis of 2-(propylthio)-4,6-dimethylnicotinamide
2-(alkylthio)nicotinamide (4a-4d): Acid catalyzed (4a): 2-(propylthio)-4,6-dimethylnicotinonitrile (1.96 g,
hydrolysis of 4,6-dimethyl-2-(alkylthio)nicotinomite 0.0089 mol) was added to 12 mL &0%
(3a-3d) under controlled temperature vyielded 4,6-viv. HSO, and reflux for 1-2h at 100°C.
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Table 3: Comparision of screened compound for iigtagainst M.Tuberculosis with reference to isaida

Compound Concentration (12.5 pg ML Concentration (25 pg nt) Concentration (100 pg mi)

Isoniazide (1ug mt) e+t

3a ++ +++ ++++

3b ++ +++ ++++

3c +++ ++++ ++++

3d +++ +++ ++++

4a +++ +++ ++++

4b +++ +++ +++

4c ++++ ++++ ++++

4d +++ ++++ ++++
CH3 CH; © Tetrabutyl ammonium bromide was added as a phase
N hso, N NH, transfer catalyst. Then benzyl chloride in ethanol

| Refiux. 1omr | (1.153 ml in 10 mL ethanol) was added drop wise.
H:c” N7 TSR H,e” "N TsR After complete addition of benzyl chloride, mixture
3a-3d 4a-4d was further stirred for 4-5 h and then kept it owgint
. _ ) . at room temperature. Solid obtained was collectedl a
Fig. 3: Synthesis ~ of 4,6-dimethyl-2- \yashed with water, to yield 1.394 g (55%wiw)
(alkylthio)nicotinamide (4a-4d) product. M.P. 87-89°C (87°C).

The reaction mixture was brought to room tempeeatur s ntituberculosis activity by Lowenstein Jensen
and neutralized by adding 20% w/v NaOH solutioh til

basic to litmus. The precipitate obtained was Mt | o\enstein Jensen media. The culture was diluted to
under suction, dried at room temperature andcrariand 1 standard with the same medium. From

recrystfllized from benzene, to yield 1-505 9this, 50 mL of this culture were added to 15 mL of
(73.11%wiw) of crystalline product M.P. 140-142°C.  fresh medium in McCartney tubes. Stock solutions (1

; - . P . LY of the test compounds were prepared in
Synthesis of 2-(butylthio)-4,6-dimethylnicotinamide mg m .
(4b): 2-(butylthio)-4,6-dimethylnicotinonitrile (1.96 dimethyl sulphoxide (DMSO). The compounds were

g, 0.0089 mol) was added to 12 ml of 50% yytested at 12,5, 25 and 100 pg 'ﬁﬂconcentratio_ns.
H,SO, and reflux for 1-2 h at 100°C. The reaction Control wells had the same volumes of DMSO without
mixture was brought to room temperature and@ny compound. Isoniazid (1ug m).served as positive
neutralized by adding 20% w/v NaOH solution till control. After incubation at 37°C for 7th weekwts
basic to litmus. The precipitate obtained was fdte  found that all the McCartney tubes containing défe
under suction, dried at room temperature anddilutions of the test compounds did not show arpety
recrystallized from benzene, to yield 1.55 g of growth of the mycobacteria as compared to cdntro
(73.11%w/w) of crystalline product M.P. 140- (isoniazide 1 ug mL). This was further confirmed by
142°C. the Ziehl-Neilson staining of all sample, which almo
absence of mycobacteria.

assay method: M. tuberculosis H37Rv was grown in

Synthesis of 2-(hexylthio)-4,6-

dimethylnicotinamide(4c): 2-(hexylthio)-4,6- RESULTS

dimethylnicotinonitrile (1.96 g, 0.0079 molL) was

added to 12 mL of 50% v/v48Q,and reflux for 1-2 h. Pharmacolgy: o _

The reaction mixture was brought to room tempeeatur ANtitubercular activity: The encouraging results from
and neutralized by adding 20% w/v NaOH solutioh il the antibacterial studies impelled us to go for the

basic to litmus. The precipitate obtained was réite prel_iminary screening. of th.e.title compounds foeith
under suction, dried at room temperature and" vitro antituberculosis activity. The compounds were

recrystallized from benzene, to vyield 2.54 gevaluated against‘t{lycobacterium tuber_culosis H37Rv
(80.64%w/w) of crystalline product. M.P.112-114°C ~ ATCC 27294 strain using Lowenstein Jensen method;

the observed MICs are presented in Table 3. Is@hiaz
Synthesis of 2-(benzylthio)-4,6- (INH) (1pg mL?Y was used as standard drugs. The
dimethylnicotinonitrile (4d) (Zawisza and Malinka, antituberculosis screening data revealed that radl t
1986): To a cool solution of 20%w/v NaOH (15 mL), tested compounds 3a-3d and 4a-4d showed moderate to
3-cyano-4,6-dimethyl-2-mercaptopyridine (1.64 @10. very good inhibitory activity. The compounds 4a-4d
mol) was added. The mixture was stirred at 5-10°Cshowed very good antituberculosis activity.
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