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ABSTRACT

N-(2-nitrophenyl) pyrazine-2-carboxamide and N-{@aphenyl) pyrazine-2-carboxamide synthesized studlied

as an anti-tuberculosis agents using in-silico aimdvitro analysis. In-silico study reveals the ibition of
Mycobacterium tuberculosis mycolic acid cyclopropaynthase CmaA2 (PDB Code : 3HEM) by both commound
Whereas in-vitro study, reveals the inhibition aftiberculosis H37Rv occurred at concentratigf3® ug/ml for n-
(2-nitrophenyl) pyrazine-2-carboxamide only.
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INTRODUCTION

Tuberculosis (TB), the deadly disease, accounhéarly 1.6 million death and 8.8 million new casesh year [1,

2]. There are certain crucial problems in the treatt of TB. The time involved in the treatment @sdcomplexity

results in nonadherence to treatment which furkbads to the continuous spread of diseases|[3,etpr&lly, the

multi-drug resistance and resistance particuladyfliroquinolone and aminoglycosidedead higher rates of
mortality [5]. Therefore, there is constant nee@lentify new anti-mycobacterial molecule.

The classes of Mycobacterium are characterizedpimy biosynthesis. They are synthesizes a largebauraf lipids

with unknown function. The sequencing of thle tuberculosisgenome has also revealed that a large number of
individual enzymes are dedicated to lipid metalmoliThese bacteria are also posses at least twioatlisets of
pathways for fatty acid biosynthesis, FAS-I bar@ggainst hydrophilic molecules. This well orderednmiayer
barrier is likely to account for the high resistaraf mycobacterium to toxic substances. The fatigsasynthesized

by FAS-I are then converted into the mycolic adigid=AS-11 using Cyclopropane-Fatty-Acyl-PhosphadliBynthes

2 Enzymes[6,7].

The main target for anti-mycobacterium molecule®isnolinic acid phosphoribosyltransferase (QAPR)aa key
enzyme in the de novo biosynthesis of NADI[8]. lalso reported that mycolic acid cyclopropane sysils (PcaA,
CmaAl, and CmaA?2) play a vital role in site-specifiodification of mycolic acid. Inhibition of one anore of
these enzymes will definitely provide novel antigopacterium agent[9].

Numbers of small molecules are found active agaihstobacterium tuberculosis. One among them is tdubed
N-Phenyl Pyrazine-2-Carboxamide based moleculés [10

The aim of the present study is to synthesize gutesi N-Phenyl Pyrazine-2-Carboxamide molecules eraluate

its antimycobacterial properties by inhibition iitkv Cyclopropane-Fatty-Acyl-Phospholipid Synthe€E@zymes
(PDB Code: 3HEM) usinin vitro andin silico techniques.
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EXPERIMENTAL SECTION

Initially, numbers of compounds were designeesilico having the basic structure of N-phenyl pyrazine-2-
carboxamide by substituting various functional great R1, R2 and R3 positions. Figure 1 shows gés&ucture
of N-phenyl pyrazine-2-carboxamide.

P&
Rl j)k N,
N

Figure 1. Structural formula of substituted N-Pheryl Pyrazine-2-Carboxamide molecule. (Lead Compound)

Molecular energy minimizations were performed uditig2 techniques [11, 12]. The molecules were desibas
per the process provided @hemDrawmanual and Ganatra et al.[13-16]. Only those mubdéscwhich show very
less total energy and achieve global minima arecsed for the docking process. Table 1 lists tiectsd molecules
for docking study.

Table 1. List of molecules designed along with gr@s at R1, R2 and R3

S. No. Molecules R1 R R;

1 Ci1HgN3O -H -H -H

2 C1;H;CIL.N;0 -H -Cl P-Cl

3 CUH7C|2N3O -H -H m—CI, p—Cl

4 Ci1HsCI50 -H -H P-Cl

5 CichieClnz0 -H Tert-Butyl RCI
C11HeN4O3 _ _ _

6 Synthesized H H O-NO;
C1iHsN4O3

’ Synthesized -H -H P-NO,

Target enzyme Mycobacterium tuberculosis mycoli &yclopropane synthase CmaA2 (PDB Code : 3HEM)
downloaded from protein database[17-18]

Using ligand explorer, ligand interaction studiesfprmed to understand the interaction of naturhihitor within
the active site of enzyme[22]. It is reported tids enzyme complex is having two natural inhitstdd-octyloctan-
1l-amine (Dioctylamine ) and carbonate ion OO Dioctylamine is in active pocket of enzyme artbwing
hydrophobic interaction with atoms of nearby anioeals.

Figure 2 shows the graphical representation of dplaobic interaction between Dioctylamine and sumdbog
amino acids and table 2 list the observed poshijalieophobic interactions.

7)o~

Figure 2. Hydrophobic interaction of Dioctylamine (Natural Inhibitor) with amino acids in active sites ofMycolic acid
cyclopropane synthase CmaA2 (PDB Code : 3HEM).
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Table 2. Hydrophobic interaction of Dioctylamine (Natural inhibitor) with amino acids in active sitesof Mycolic acid cyclopropane

synthase CmaA2 (PDB Code : 3HEM).

Natural Inhibitor : N-octyloctan-1-amine (Dioctyfene )

Molecular Formula : : ¢ Ha:sN

Property : Hydrophobic Interaction

Atom of Natural Inhibitor Atom of amino acid of gnme Distance
A:303:D22:C2 A:220:LEU:CG 3.9
A:303:D22:C2 A:220:LEU:CD2 35
A:303:D22:C3 A:215:PHE:CB 3.3
A:303:D22:C3 A:215:PHE:CG 3.7
A:303:D22:C3 A:215:PHE:CD1 3.7
A:303:D22:C4 A:148:GLU:.CB 34
A:303:D22:C4 A:218:GLY:CA 3.8
A:303:D22:C5 A:148:GLU:.CB 3.3
A:303:D22:C5 A:148:GLU:CG 3.6
A:303:D22:C6 A:148:GLU:CB 3.9
A:303:D22:C16 A:184:ILE:CD1 3.6
A:303:D22:C16 A:288:PHE:CE1 3.7
A:303:D22:C16 A:288:PHE:CZ 3.8
A:303:D22:C15 A:184:ILE:CD1 35
A:303:D22:C14 A:247:TYR:CZ 3.6
A:303:D22:C11 A:41:TYR:CD1 3.9
A:303:D22:C11 A41:TYR:CE1 3.6
A:303:D22:C11 A41L:TYR:CE2 3.8
A:303:D22:C11 A41:TYR:CZ 3.6
A:303:D22:C11 A:215:PHE:CZ 3.9
A:303:D22:C1 A:211:LEU:CD2 3.8

Selected enzyme also shows the presence of caedimmafT he ligand explorer study reveals the pdgsis of four

hydrogen bonds between carbonate ion and surrogiradimno acids in active site[22]. Besides hydrogending,

there is also the possibility of hydrophobic intgi@ns. Table 3 shows the list of possible hydrogending and
figure 3 shows the graphical representation of bgdn bonding and hydrophobic interactions betwerhanate
ion and amino acids in active site.

Table 3. Hydrogen bonding between the various oxygeatoms of carbonate ion and atoms of amino acida active sites of Mycolic acid
cyclopropane synthase CmaA2 (PDB Code : 3HEM).

Atom of carbonate ion Atom of amino acid in actbie Distance
A°
C03:01 A:247TYR:OH 2.5
C03:02 A:148:GLU:OE2 3.0
C03:03 A:43:CYS:N 3.0
C03:03 A:182:HIS:NE2 2.5

Note : ‘A’ stands for Chain A of Enzyme

This is clearly indicates that carbonate ion plastal role in enzymatic activities by holding foamino acids in
their respective positions.

S\

Hydrogen bonds

Hydrophobic interaction

Figure 3. Hydrogen bonds and hydrophobic interactias between carbonate ions and amino acids in actigée of Mycolic Acid

Cyclopropane Synthase CmaA2 (PDB Code : 3HEM).

Designed molecules were docked with the 3HEM enzwsiag autodock version 4.0. The position of ndtura

inhibitor was selected as the centre of activeasiie it was removed before docking the ligand.
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Table 4 shows the obtained binding energy from doakg study. It is reported that molecule number 6 ad 7 shows higher binding energy
than natural inhibition.

Table 4. The binding energy of docked molecules

S. Na | Molecule AG Kcal/mol.
1 C11HoN3zO -9.1634
2 C1:H-,CI:N;O -9.3775
3 C11H,CIoN;O -9.0016
4 C11HgCIN:O -8.4074
5 C1H1¢CIN;O -9.9826
6 C11HgN4O3 -12.8654
7 C11HgN4O3 -12.1622
8 N—octqucta'njl—amine (Dioctylamine 11.307
Natural inhibitor

The docking study also provides information relatethe possible hydrogen bonds between ligandaanido acid
of enzyme. The same is reported in table 5.

Table 5. Docking results of selecte-Phenyl Pyrazine-2-Carboxamide based molecules with Cyclopropane-Fatty-Acyl-Phosutipid
Synthes 2 Enzymes(PDB Code : 3HEM)

Mol. Molecular Binding Energy in Total Hydrogen Amino Acids involved in Hydrogen bonding
No. Formula Kcal/mol. bonding Hydrogen bonding distance in A
1. Ci1HgN:;O -9.1634 -- -- --
2. Ci1H/Cl,N;O -9.3775 -- -
3. C11H,CIL,N;O -9.0016 -- --
4. Ci1HsCINSO -8.4074 -- -
5. Ci:H1CIN;O -9.9826 -- --
280TYR,
C11HsN4O3 280TYS,
6. Synthesized -12.8654 4 224TYS, 2.9942, 2.99, 2.756, 2.88
41TYS
C11HgN4O3
Synthesized -12.1622 ) B
8. Natural inhibitor ~ -11.307 -- -

The binding energy values for all docked molecwiaiy/ from -12. 86 to - 8.40 kcal/mol. This dederupon the
steric, electrostatic and hydrophobic interactiooperties of the molecules with binding site of ynes. The
binding energy of molecule number 6 and 7 is Ibékten natural inhibitor. Also it is reported thhese molecules
fits in the binding site and shows number of pdssilonfirmations. Figure 4 shows the complex otirtinhibitor
with binding site of 3HEM. Figure 5 and 6 show tm®lecule 6 and 7 complexes with binding site of BHE
respectively.

- N = > -

Figure 4. Docking of N-octyloctan-1-amine (naturainhibitor) with 3HEM enzyme within active site.

The docking of compound number 6 reports the pasen four hydrogen bonds. -N@roups form the hydrogen
bonds with the amino acids 280TYR, 280TYS, 224TY® a41TYS. Figure 3 shows the docking picture of
molecule 7 in the active site of enzyme.
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Figure 5. Docking of compound no. 6 with 3HEM enaye

The figure 6shows docking picture of molecule number 7 withyene.

Figure 6. Docking of compound no. 7 with 3HEM enaye

Synthesis of compounds
N-(2-nitrophenyl) pyrazine — 2-caboxamide (compourtd 6 ) and N-(4-nitrophenyl) pyrazine — 2-caboidam
(compound no. 7) synthesized and checked for Hielogical activities against M. tuberculosis.

Synthesis of N-(2-nitrophenyl) pyrazine — 2-caboxaide

A mixture of acid,.e. pyrazinecarboxylic acid, (0.05 mol) and thionklaride (5.5 ml, 75.0 mmol) in dry benzene
(20 ml) was refluxed for about 1 hour. Excess @bl chloride was removed by repeated evaporatigh dry
benzendn vacuum The crude acyl chloride dissolved in dry acet(@ ml). It was added drop wise to a stirred
solution of o-nitro aniline (50.0 mmol) and dryrjgyne (50.0 mmol) in 50 ml keeping the mixturethé room
temperature. Stirred the mixture for the next 3@utes. Poured mixture in 200 ml of cold water dmal ¢rude was
collected and re-crystallized from aqueous ethanol.

Obtained yield was 85%, molecular formula;zN,O3; molecular weight 244.21 m/e , melting point 95°@d a
compound is soluble in diethyl ether, acetone dradroform.

Spectral Analysis: IR (KBR) cth; 3349.3 (NH) ,1619.4 (CO) ,740.7 (Substituted lee@)'H NMR (300 MHz,
CDCly) 6 7.9 (d, 1H, ), 7.8 (d, 1H, ), 7.28 (s, 1H, NH)2Z (s, 1H, ), 7.0 (d, 1H) , 6.9 (d, 1H ), 6.49,(H,),
6.51(d,1H)"*C NMR (75 MHz, CDC}) 8 145.9, 135.2, 130.4, 125.1, 116.9, 115.2, 39.38,3®.1, 38.9, and 38.75.

Compound 7 : N-(4-nitrophenyl) pyrazine — 2-caboxaide

A mixture of acid,.e. pyrazinecarboxylic acid, (0.05 mol) and thiongllaride (5.5 ml, 75.0 mmol) in dry benzene
(20 ml) was refluxed for about 1 hour. Excess abrifl chloride was removed by repeated evaporatith dry
benzenen vacuum The crude acyl chloride dissolved in dry acet(weml).
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The crude acyl solution in dry acetone was addegwise to a stirred solution of p-nitro anilinéd(6 mmol) and
dry pyridine (50.0 mmol) in 50 ml keeping the réastmixture at the room temperature. After the &ddiwas
complete, stirring continued for the next 30 mirraRtion mixture was poured into 200 ml of cold wated the
crude amide was collected and recrystallized frooeaus ethanol.

The yield was 89 %molecular formula: GHgN,O3; molecular weight 244.21, melting point 142° C @otlbility
is in diethyl ether, acetone and chloroform.

IR (KBR) cmi® ; 3362.1 (NH) ,1632.1 (CO) , 842.6(Substitutedzeere)."H NMR (300 MHz, CDCJ) ¢ 7.70, (d,
1H,) , 7.60 (d, 1H, ), 6.42 (d, 1H, ), 6.40 (d, JHand 7.15 (s, 1H, NH, )*C NMR (75 MHz, CDCJ) & 145.9,
135.2, 130.4, 125.1, 116.9, 115.2, 39.5, 39.3,, 38D, and 38.75.

Purification of compound | and compound I

1 gm. of crude product taken in a small beakeg, iin10 ml ethanol was added, content was heatedater bath up
to dissolved most of the crude product. Filtrates vadotained while filtering in hot condition, conteating the

filtrate by further heating and by allowing thetrfiite to cool, crystals of product start appearifige crystals was
allowed to grow in size, filter the crystal.

Drying- The recrystallised substance was dried by usingiwacdesiccators. The recrystallised substance was
spread over a watch glass and would be kept inuraadesiccator.The substance was allowed to stagruhdse
conditions for several hours and then the vacuusreteased very slowly.

Storage-Two compounds are to be stored in two vials ofglas
The structure and IUPAC names of synthesized congi®6 and 7 are shown in figure 7.

02N - . NC‘Q

0 —
b LT
(Y T
N/ Nf:f

~nN X
H
N-[4-nitrophenyl)pyrazine-2-carboxamide

O—0

N-(2-nitrophenyl)pyrazine-2-carboxamide
Compound 6: N-(2-nitrophenyl)pyrazine-2-carboxam{d€ompound 7: N-(4-nitrophenyl)pyrazine-2-carboxaen|d
Figure 7. Structural formula and IUPAC names of sythesized compound 6 and 7.

In-vitro analysis
The synthesized compounds were analyzed for theliodical activities using in-vitro analysis. Thesempounds
were tested at lower concentration against M. tdesis H37Rv [23,24] to determine the MIC testlmgmicro
dilution assay/ REMA method. N-(2-nitrophenyl) pziree-2-carboxamide(compound 6) found active with 32
ug/ml. concentration, whereas activity of N-(4-nghenyl) pyrazine-2-carboxamide (compound 7) repborte
negative.

CONCLUSION

Dolezalet al. [10] has extensively studied substituted N-phenyiazine-2-carboxamide as an anti-mycobacterial
agent. The approach was extend in our work by sgiting substituted N-phenyl pyrazine-2-carboxantige
replacing R3 bye-NO,(compound 6and R3 by p-NO, (compound 7). These compounds are newly syntsiz
and it is reported that substitution &3 by ©-NO, makes compound biological active against tubergsildsis
reported that the substitution at R1 by —H, R2 Hyand R3 bye-NO, provides better binding capacity to N-phenyl
pyrazine-2-carboxamide. It also shows four hydrolgending in docking study, whereas the substitutibR3 by -
p-NO, reverse the activity and do not show any hydrogerdb

Hence it is evident from this study that substitntat R1 by —H, R2 by —H and R3 lyNO, positions oN-phenyl
pyrazine-2-carboxamide provides antimycobacterapprties to the compound.

The in-silico study also supports the finding fromwvitro study, still it cannot be confirmed fromis study that the

substituted N-phenyl pyrazine-2-carboxamide inkilityclopropane-Fatty-Acyl-Phospholipid Synthes ZyEnes.
Study supports the possibilities of inhibition, tutequires cellular level study to confirm thersa
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Hence, it can be concluded that the N-phenyl ppex2i-carbaxamidbased molecules with substitution at R1 by —
H, R2 by —H and R3 bp-NO, and related electron withdrawing groups are pothatapeutic agents for M.
Tuberculosis.
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