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Abstract:

Objectives: Mycobacterium tuberculosis is a causative organism of tuberculosis, which is most

lethal disease after cancer in a current decade. The development of multidrug and broadly ¢

targeted proteins whose function is known to be essential to the bacterial ce
tuberculosis possesses specialized protein export systems like SecA2 ex

pathways.

Material and methods: In the present communication, ration. 1-mycobacterial

agent's targeting protein export system has been carried out ocket modeling
and virtual analysis.

Results: The identified potential 23 lead comp thesized, characterized by
physicochemical and spectroscopic methods spectroscopy and further screened for
anti-mycobacterial activity using isoniazid as rd. e designed compounds have shown

profound anti-mycobacterial activity.
Conclusion: In this present commupigationgwwe faind that Q30,M9, M26, U8, and R26 molecules
had significant desirable biologi ity and specific interactions with Sec of mycobacteria.
Further optimization of e i
mycobacterial drug candidate s
Keyworb@m tuberculosis, Sec, ESX, Docking, Anti-mycobacterial, MDR, Pocket

necessary for the development of potential anti-

ide effects.

Modelin



Ozet:

Amag¢: Mycobacterium tuberculosis, son on yilda kanserden sonra en oliimciil hastalik olan

tiilberkiilozun etken bir organizasyondur. Coklu ilag ve genis ilaca direnc¢li suslarin gelig

tiiberkiiloz problemini daha da kritik kilmaktadir. Son 40 yilda, tedavi rejimine sadece bir mo

oldugu bilinen hedeflenen proteinlerdir. Mycobacterium tuberculosis, SecA2 ihrdeat

yollar1 gibi 6zel protein ihracat sistemlerine sahiptir.

sisteminin rasyonel gelisimi, cep modellemesi ve
gergeklestirilmistir.

Bulgular: Belirlenen potansiyel 23 kursun bilesikleri sentez
gibi fizikokimyasal ve spektroskopik yontemler ile k

kullanilarak anti-mikobakteriyel aktivite icinpdaha efidi. Tasarlanan tiim bilesikler, derin

anti-mikobakteriyel aktivite gostermistir.
Sonu¢: Bu mevcut iletisimde Q30,M9 R26 molekiillerinin énemli biyolojik
aktiviteye ve Mikobakterinin Sec ile spesi mlere sahip oldugunu bulduk. Potansiyel anti-
mikobakteriyel ila¢ adaymin da gtkilerinin gelismesi i¢in bu potansiyellerin daha fazla

optimizasyonu gereklidir.



Introduction:

Tuberculosis is the air-bone disease caused by infection with Mycobacterium tuberculosis. In

current decade, tuberculosis is emerged as a global emergency due to its mortality rate '3

Tuberculosis act as the salient killer in patients suffering from the immunocompromised dis Q

like AIDS and diabetics. In more than 80% cases of Acquired immune deficieng

(AIDS) death occurs in the patients due to tuberculosis *¢. The generation of id ant
Tuberculosis (MDR), extensively drug-resistant tuberculosis (XDR) 1 g-resistant
tuberculosis (TDR) problem of tuberculosis reached its peak *!'. B e is only new

developed and approved the drug for active MDR tuberculosi

st of two deeades. Negligence
of pharmaceutical scientist and medicinal chemist to % osis generated this global

cobacterium tuberculosis is lipid-rich

problem of tuberculosis. A number of hurdlgs are
discovery; one of them is Mycobacterium

gram-negative organism having specidlized syStems, which make it different from other

microorganisms '>!3. Secreto are one of the specialized systems present in
Mycobacterium tuber cul osi@whic y regulators of virulence of MTB. In Mycobacterium
tuberculosis three di t secretory systems like Secondary translocase pathway (SEC), twin

arginine translo nd ESX are present in Mycobacterium tuberculosis '8, SEC or

seconda sloe

Pathway is a major protein export systems present in the mycobacterium,
untilg for more than 50% virulence protein exports in the mycobacterium. Secondary

athway (SEC) is conserved protein pathway present in the mycobacterium, which

es Mot have any homologues in the mammalian systems, which is indeed possessing ideal
operties to act as potential anti-mycobacterial drug target. SEC pathway is a key enzyme

involved in transport of the virulence protein across the cell membrane which in deed spread the



tuberculosis all over the host body. Inhibition of SEC will be able to block the transport of the
virulence protein, which will inhibit spread of the tuberculosis. In recent years, number of]
researchers are trying for the development of novel antitubercular agents targeting conserved
protein targets. Currently number of molecules like equisetin derivatives'”, thiazol

0

d]pyrimidine derivatives ?° are reported as SEC inhibitors. In this research article, an affe¥

been made for optimization of thiazolidine scaffolds as potential SEC inhibitors i@ i

pocket and pharmacophore modeling.

2. Experimental

2.1 Selection of Target:

Mycobacterium tuberculosis is three specialized pro ot systems like SEC, TAT, and ESX.

Secondary translocase pathway (SEC) is majo systems of MTB, which export bulk
of virulent protein, which accounts for fhe spread of disease. SEC systems are not having any
homologs in mammalian system ib f this SEC will not lead to any toxicity to the

human being. Thus due to rifi€al role’ of the SEC in the growth and virulence of the MTB,

SEC has been selectedg8 pre biomolecular target than TAT and ESX

2.2 Pocket mod elé€ted protein export systems;

Pocket eling O

d the free protein database www.rcsb.org. Downloaded crystal structure of SEC
QJX) was first refined using biopredicta molecule, via removal of water molecules and
0n1 g native hydrogen atoms in the protein structure. Pocket modeling of SEC A is carried out
sing proviz module of Vlife MDS 4.4. Proviz is integrated property visualization module using

which electrostatic and hydrophobic mapping of biomolecules can be carried out.

selected SEC of MTB was carried out using crystal structure of SEC



2.3 Design of molecules:

Pocket modeling of the SEC revealed the binding pocket of SEC is U shaped and highl

hydrophobic, keeping in mind complementary structures on thiazole template were designed with

structural modification on the aromatic moiety has been carried out. A number of the arot @

combinations are utilized to generate total 5625 different structures (indicated ) @

force field (MMFF)

2.4. Docking analysis of synthesized ligan

Molecular docking was performed to i p erivatives with the maximum binding

affinity for SEC of MTB amongst the desi@ned sefof molecules. Docking analysis was performed

in the biopredicta module of t .4 using grip based docking analysis in which protein
structure was kept rigidgandfnolec are kept the flexible conformation so that number of

conformation can be aClligved. Best 100 confirmation of the each designed molecules were

generated. Pote es were scrutinized based on binding energy and interaction profile. The

proposedsynthet; eme of designed derivatives is shown in Fig. 1.

285. ni ased on the drug-like properties and percentage absorption.

esigned set of molecules were analyzed for Lipinski parameters like molecular weight, H-bond
eptor, H-bond donor, Rotatable bond, XlogP etc. The physicochemical descriptors calculated

with the help of QSAR module of Vlife MDS 4.4. Total polar surface area (TPSA) calculated from



the web server www. molinspiration.com/cgi-bin/properties by drawing the molecules in drawing

area then calculates the TPSA. Percentage absorption was calculated by using the formula, %

QO

Absorption = 109 - (0.345 x TPSA).”!

&



Table No. 1: Designed set of molecules (Total 75X75 benzaldehyde combinations are utilized to generate

structures indicated as R)

@ different

Sr.no. | R Sr.no. | R Sr.no. | R
1. CHs 2. 4- (CH;), N-C,H; 3. | 4CH,;CONH- Cg 2-OCHCH;
5. 3- OCHC(H; 6. 4- OCHC(H; 7. 8. |[5-Br-2-OH- C(H,
9. 2-Br- C,H; 10. | 3-Br- CH; 11. 12. | 2-Cl-6-F- C(H,
13. | 4-Cl-3-NO, 14. | 2-Cl- C{H; 15. 16. | 4-Cl- C.H;
17. | 2-(4-C1l-SC4Hy) 18. | 3-CN- C,H; 19. 20. | 2,3-Cl- C(H,
21. | 2,4-CI-CiH, 22. | 2,6-Cl- C(H, 24. | 4-(C2Hs)2N- CH;,
25. | 2,6-F-C,H, 26. | 3,4-F-CH, -OH- C;H, 28. | 2,4-OH- C,H,
29. | 2,5-OH-CH, 30. |3,4-OH-CH, 2,3-OCH3s- CH, 32. | 2,4-OCHs- C(H,
33. | 2,5-OCHs3 34. 3,5- OCHs- CH, 36. | 3,5- OCH3,4-OH- C(H,
37. | 2,4-CH3-CH, 38. 39. | 3-OC:Hs-4-OH- C,H, 40. | 2-F-C(H;
41. | 3-F-C H; 42. 43. | 2-OH- CH; 44. | 3-OH-CH;
45. | 4-OH-C(H; 46. - CH, 47. | 2-OH,4-OCHs- C,H, 48. | 2-OH,5-OCH3-C(H,
49. | 3-OH,4-OCH3 51. | 2-OH-5NO2 52. | 4-CH(CH3)2-C¢H;
CeHy
53. | 2-OCH3-C,H 3-OCH3-CH;, 55. | 4-OCH3-CH;, 56. | 4-CH3-CH;
57. | 2-CHs-C 3-CH3-C H; 59. | 4-SCH3-C H; 60. | 2-NO2-C(H;




61. | 3-NO2-C¢H; 62. | 4-NO2-C(H; 63. | 3-OC¢Hs

65. |2,3,5-C1CH, 66. | 3,4,5-F-C.H, 67. | 4-CFsOCH3-C H,

69. | 2,3,4-OCHs- 70. | 3,4,5-OCHs3.C,H, 71. | 2,4,6-OCH3-C(H,4
CeHs

73. | CsH4O2 74. | CoH1003 75. | CsH4OS

N




2.6 Synthesis of selected ligands 2

2.6.1 Synthesis of optimized thiazole derivatives

Step 1

Synthesis of 2-amino-5-aryl-5H thiazolo[ 4,3-b]-1,3,4-thiadiazole (1)

out and this resulting compound 1was recrystallized from aqueous dioxane sol
Synthesis of 1-phenyl-N-{5-phenyl-5H-[1,3]thiazolo[4,3-b][1,3,4]thiadi
derivatives(2):

A solution of compound 1 (0.01M) in ethanol (50ml) was tak¢n in RBF a vigorously for
M) was added.

R) for 10min. The separated

15 minutes to this resulting solution concentrated H2SO4 (2
The reaction mixture was irradiated in the synthetic microwaye
solid was filtered and recrystallized from ethanol.
Synthesis of 2-phenyl-3-{5-phen [ azalo[4,3-b][1,3,4]thiadiazol-2-yl}-1,3-
thiazolidin-4-one derivatives (3):

In 25ml RBF compound, 2 (0.01M) and thioglycalic (0.01M) were taken and DMF 30ml was

added and stirred. Resulting reactiQug wagrirradiated in the microwave for 10 min at 750

o dloom temperature and resulting solid was separated and
recrystallized from benze ge nd 1 to 23. Table 2 shown list of substituents in the
synthesized set of molgdtles.

ituents in Synthesized set of molecules

R1 R2 Code
-CeHa B3
4-CI-CeHa C13
2-Cl-C¢H4 C1
3,4-(OCH3)-CsH4 2-Cl-C¢H4 F1
2-(OH)-CsH4 3-Cl-CsH4 o17
6. -C4H30 3-OCH3-4-OH-CsH3 Q21
7. 4-N(CH3)2-CeH4 4-Cl-CsH4 L13




8. 2-(OH)-CsH4 4-CI-CeH4 013
9. -C4H30 2-(OH)-CsHa Q24
10. 4-Cl-CsHa 4-(OH)-CsH4 M9
11. 4-F-CsHa -C4H30 H25
12. 3-Cl-C¢H4 S-CsH3 R26
13. 3-(OCH3)-4-(OH)-CsH3 -CeH4

14. 3,5-(OCH3)2-4-(OH)CsH2 -CeH4

15. 3-Cl-CeHa 3-NO2-CsH4

16. 2-Cl-CeHa 4-NO2-CeHa

17. -C4H30 3-OCH3-CeHa

18. -C4H30

19. 3-Cl-CeHa

20. 4-Cl-CeéHa

21. 3-Cl-CeHa

22. 3-(OCH3)-CsHa

23. 3-(OCH3)-CsH4

B3:3-[5-(4-bromophenyl)-5H-[1,
thiazolidin-4-one
Color: Brown, Yield: 82%

[1,3,4]thiadiazol-2-yl]-2-phenyl-1,3

4°C, MASS: [M+1]+474.94, IR: 1752 cm™! (C=0

I (Ar. CH), 1580 cm™ (-N=CH) NMR: 'H NMR (DMSO-

1435 cm! (C=C), 2842 cm’! (Ar. CH), 1470 cm™' (-N=CH), NMR: 'H NMR (DMSO-db,

z,): 6 = 6.90-7.25 (m, 9H, aromatic), 4.95-5.90 (s, 2H, methine), 3.38 (s, 2H, methylene),

5 (s, 1H, ethylene)
C1:2-(2-chlorophenyl)-3-{5-phenyl-5H-[ 1,3] thiazol o[ 4,3-b] [ 1,3,4] thiadiazol -2-yl}-1,3-
thiazolidin-4-one



Color: Brown, Yield: 75%, m. p.: 186-188°C, MASS: [M+1]+ 430.99, IR: 1625 cm™ (C=0O
Str.), 1400 cm™ (C=C), 2830 cm™! (Ar. CH), 1476 cm™! (-N=CH) NMR: 'H NMR (DMSO-ds, 300
MHz,): 6 = 6.95-7.20 (m, 9H, aromatic), 4.90-5.92 (s, 2H, methine), 3.30 (s, 2H, methylene), 4.90
(s, 1H, ethylene)

F1: 2-(2-chlorophenyl)-3-[5-(3,4-dimethoxyphenyl)-5H-[ 1,3]thiazolo[4,3-b][1,3,4] thiadi
yl]-1,3-thiazolidin-4-one

Color: Lemon, Yield: 89%, m. p.: 162-164°C, MASS: [M+1]+ 492.02, IR: 164
Str.), 1490 cm™ (C=C), 2790 cm™! (Ar. CH), 1520 cm™' (-N=CH) NMR: 'HN ds$300
MHz,): 6 =6.52-7.15 (m, 7H, aromatic), 4.95-5.90 (s, 2H, methine), 3.33 ylene), 4.85
(s, 1H, ethylene), 3.75 (d, 6H, methyl)

017:  2-(3-chlorophenyl)-3-[5-(2-hydroxyphenyl)-5H-[ 1,
yl]-1,3-thiazolidin-4-one
Color: Yellow, Yield: 80%, m. p.: 228-230°C, MASS: [ 97, IR: 1680 cm™ (C=0O
Str.), 1500cm™ (C=C), 2810 cm™" (Ar. CH), 1580 cny : 'H NMR (DMSO-ds, 300
MHz,): 6 = 6.62-7.20 (m, 8H, aromatic), 4.9 incl 5.92 (s, 1H, methine), 3.38 (s, 1H,
methylene), 4.75 (s, 1H, ethylene), 6.05 (s, 1 H)
Q21: 2-(3-ethoxy-4-hydroxyphenyl)-3-[ B=(furanas2- H-[1,3]thiazolo[4,3-b][1,3,4]thiadiazol-
2-yl]-1,3-thiazolidin-4-one

hiazolo[4, 4]thiadiazol-2-

1540 em’! (C=C), 2840 crgi
MHz,): § = 6.05-7.30

2H, methine), 3.3 ethylene), 3.95 (s, 2H, methylene), 1.58 (s, 3H, methyl), 5.02 (s, 1H
aromatic C-OH
L13:2-(4 -{5-[4-(dimethylamino)phenyl]-5H-[1,3] thiazol o[4,3-

-2-y1}-1,3-thiazolidin-4-one

eld: 67%, m. p.: 156-158°C, MASS: [M+1]+475.04, IR: 1652 cm™ (C=O Str.),

=C), 2800 cm™ (Ar. CH), 1530 cm (-N=CH) NMR: 'H NMR (DMSO-ds, 300

0 = 6.45-7.20 (m, 8H, aromatic benzene), 4.80 (s, 1H, ethylene), 4.95-5.80 (s, 2H,
ine), 3.30 (s, 2H, methylene), 2.95 (s, 6H, methyl N-CH3)

013:  2-(4-chlorophenyl)-3-[5-(2-hydroxyphenyl)-5H-[ 1,3]thiazol o[ 4,3-b][ 1,3,4] thiadiazol - 2-

yl]-1,3-thiazolidin-4-one



Color: Brown, Yield: 67%, m. p.: 236-238°C, MASS: [M+1]+447.97, IR: 1760 cm™! (C=0O Str.),
1540 ¢cm! (C=C), 2830cm™ (Ar. CH), 1680 cm™ (-N=CH) NMR: 'H NMR (DMSO-ds, 300
MHz,): 6 = 6.65-7.25 (m, 8H, aromatic benzene), 4.85 (s, 1H, ethylene), 4.05-4.70 (s, 2H,
methine), 3.28 (s, 2H, methylene), 5.25 (s, 1 H, aromatic C-OH)

Q24: 3-[5-(furan-2-yl)-5H-[1,3]thiazol o[ 4,3-b][1,3,4]thiadiazol-2-yl]-2-(2-hydroxyphenyl),
thiazolidin-4-one

Color: Black, Yield: 75%, m. p.: 216-218°C, MASS: [M+1]+403.49, IR: 1740 cm @ D,
1623 cm! (C=C), 2810 cm™! (Ar. CH), 1680 cm™ (-N=CH) , NMR: 'H N R.-ds4300
MHz,): 6 = 6.60-7.30 (m, 7H, aromatic benzene and furan), 4.80 (s, 1H, en .20-5.80 (s,
2H, methine), 3.30 (s, 2H, methylene), 5.25 (s, 1H, aromatic C-OH)

M?9: 3-[5-(4-chlorophenyl)-5H-[1,3]thiazol o[ 4,3-b][1,3,4] thi
1,3-thiazolidin-4-one
Color: Brown, Yield: 88%, m. p.: 138-140°C, MASS: [M+1
1640 cm™ (C=C), 2790 cm™ (Ar. CH), 1650 cm!
MHz,): 6 = 6.55-7.25 (m, 8H, aromatic b e (
methine), 3.38 (s, 2H, methylene), 6.05 (s, 1 H, ar@mat1 H)
H25: 3-[5-(4-fluorophenyl)-5H-[1,3]thrazol o[ 4,3-BI{1,3,4] thiadiazol - 2-yl]-2-(furan-2-yl)-1,3-
thiazolidin-4-one
Color: Yellow , Yield: 70 %, 24°C, MASS: [M+1]+ 405.48, IR: 1688 cm™ (C=0
Str.), 1589 cm™! (C=C), 2690¢m"! , 1580 cm™ (-N=CH) NMR: 'H NMR (DMSO-ds, 300
MHz,): 6 = 6.30-7.05 J@romatic benzene and furan), 4.82 (s, 1H, ethylene), 5.10-5.85 (s,
2H, methine), 3.35

adiazol-2-y droxyphenyl)-

R: 1700 cm™ (C=0 Str.),
: '"H NMR (DMSO-ds, 300
1H, ethylene), 5.10-5.85 (s, 2H,

ethylene)
-5H-[1,3]thiazolo[4,3-b][1,3,4]thiadiazol-2-yi]-2-(thiophen-2-yl)-

Color: Yellow, ¥Yield: 72%, m. p.: 206-208°C, MASS: [M+1]+ 437.99, IR: 1750 cm™ (C=0O
=C), 2560 cm™! (Ar. CH), 1540 cm™' (-N=CH) NMR: '"H NMR (DMSO-ds, 300

.60-7.10 (m, 7H, aromatic benzene and thiophene), 4.85 (s, 1H, ethylene), 4.95-5.90

ethine), 3.30 (s, 2H, methylene)

3-[5-(3-ethoxy-4-hydroxyphenyl)-5H-[ 1,3]thiazol o[ 4,3-b] [ 1,3,4] thiadiazol-2-yl]-2-phenyl -

1,3-thiazolidin-4-one




Color: Brown, Yield: 83%, m. p.: 180-182°C, MASS: [M+1]+457.58,IR: 1620 cm™ (C=0 Str.),
1560 cm! (C=C), 2860 cm™ (Ar. CH), 1490 cm! (-N=CH) NMR: 'H NMR (DMSO-ds, 300
MHz,): 6 = 6.45-7.14 (m, 8H, aromatic benzene), 4.80 (s, 1H, ethylene), 4.90-5.85 (s, 2H,
methine), 3.35 (s, 2H, methylene), 5.95 (s, 1H, aromatic C-OH), 3.98 (s, 2H, methylene), 1.75 (s
3H, methyl)

U8:  3-[5-(4-hydroxy-3,5-dimethoxyphenyl)-5H-[ 1,3] thiazol o[ 4,3-b][ 1,3,4] thiadiazols2-
phenyl-1,3-thiazolidin-4-one

Color: Yellow, Yield: 80%, m. p.: 230-232°C, MASS: [M+1]+ 473.58, IR: 88 O
Str.), 1562 cm™ (C=C), 2883 cm™!' (Ar. CH), 1489 cm™ (-N=CH) NMRt (DMSO-ds,

methine), 3.28 (s, 2H, methylene), 5.98 (s, 1 H, aromatic C-

All:  3-[5-(3-chlorophenyl)-5H-[1,3]thiazolo[4,3-b][ 1,3, iazol-2-yl]-2%3-nitrophenyl)-
1,3-thiazolidin-4-one
Color: Brown, Yield: 69 %, m. p.: 146-148°C, MAS 7,IR: 1679cm™ (C=0 Str.),

1575 ecm! (C=C), 2896 cm™ (Ar. CH), 152 .
MHz,): 6 = 6.90-7.95 (m, 8H, aromatic be ,
methine), 3.33 (s, 2H, methylene)
A10:  3-[5-(2-chlorophenyl)-5H-
1,3-thiazolidin-4-one
Color: Brown, Yield: 70%
1456 cm! (C=C), 2675fcm"

H)s NMR: 'H NMR (DMSO-ds, 300
s, 1H, ethylene), 4.90-5.92 (s, 2H,

tM@zol o[, 3-b][ 1,3,4] thiadiazol-2-yl]-2-(4-nitrophenyl)-

C, MASS: [M+1]+476.97, IR: 1590 cm! (C=O Str.),
. CH), 1563 cm’' (-N=CH). NMR: 'H NMR (DMSO-ds, 300

MHz,): 6 = 7.04- 8H, aromatic benzene), 4.85 (s, 1H, ethylene), 4.95-5.90 (s, 2H,
methine), 3.28 hylene)
-[1,3]thiazol 0[4,3-b][ 1,3,4]thiadiazol-2-yl]-2-(3-methoxyphenyl)-1,3-

1d: 78 %, m. p.: 176-178°C, MASS: [M+1]+417.52, IR: 1639 cm™ (C=0 Str.),

=C), 2640 cm™! (Ar. CH), 1570 cm (-N=CH). NMR: 'H NMR (DMSO-ds, 300

6 = 6.50-7.30 (m, 7H, aromatic benzene and furan), 4.80 (s, 1H, ethylene), 5.10-5.95 (s,
; methine), 3.30 (s, 2H, methylene), 3.75 (s, 3H, methoxy)

Q30: 2-(2H-1,3-benzodioxol-5-y1)-3-[5-(furan-2-yl)-5H-[ 1,3] thiazol o[ 4,3-b][ 1,3,4] thiadiazol -2-

yl]-1,3-thiazolidin-4-one



Color: Black, Yield: 70%, m. p.: 240-242°C, MASS: [M+1]+431.50, IR: 1782 cm™ (C=0 Str.),
1560 cm! (C=C), 2785 cm™! (Ar. CH), 1630 cm™ (-N=CH). NMR: 'H NMR (DMSO-ds, 300
MHz,): 6 = 6.45-7.25 (m, 6H, aromatic benzene and furan), 4.82 (s, 1H, ethylene), 5.15-5.85 (s,
2H, methine), 3.28 (s, 2H, methylene), 5.95 (s, 2H, 1,3-dioxole)

R25:  3-[5-(3-chlorophenyl)-5H-[1,3]thiazolo[4,3-b][ 1,3,4]thiadiazol-2-yl]-2-(thiophen-
1,3-thiazolidin-4-one

Color: Yellow, Yield: 82%, m. p.: 234-236'C, MASS: [M+1]+ 437.99 IR: 170 @ O
Str.), 1590 cm™ (C=C), 2693 cm™! (Ar. CH), 1578 cm™ (-N=CH). NMR: 'HNMR ®MS@"ds,
300 MHz,): 6 = 6.65-7.05 (m, 7H, aromatic benzene and thiophene), 4.85 , lene), 4.95-
5.95 (s, 2H, methine), 3.32 (s, 2H, methylene)

M26: 3-[5-(4-chlorophenyl)-5H-[1,3]thiazolo[4,3-b][1,3,4]
1,3-thiazolidin-4-one
Color: Brown, Yield: 70%, m. p.: 210-212°C, MASS: [M+1 R: 1665 cm™ (C=0 Str.),
1545 cm™ (C=C), 2530 cm™ (Ar. CH), 1540 cm’! : 'H NMR (DMSO-ds, 300
MHz,): 6 = 6.60-7.25 (m, 7H, aromatic benz ene), 4.82 (s, 1H, ethylene), 4.90-5.92
(s, 2H, methine), 3.35 (s, 2H, methylene)

iadiazol- hiophen-2-yl)-

R6: 3-[5-(3-chlorophengl)-5H-[ X, 3]tArazol o[ 4,3-b] [ 1,3,4]thiadiazol-2-y1]-2-(3,4
dimethoxyphenyl)-1,3-thiazolidin-
Color: Brown, Yield: 85%, m. p iC, MASS: [M+1]+492.02, IR: 1675 cm™ (C=0 Str.),

80 cm™! (-N=CH). NMR: 'H NMR (DMSO-ds, 300

2H, methylene), 3.78 (s, 3H, methoxy)

: 2-(4-fluorophenyl)-3-[5-(3-methoxyphenyl)-5H-[ 1,3] thiazol o[ 4,3-b][ 1,3,4] thiadiazol - 2-yl] -
1,3-thiazolidin-4-one
Color: Brown, Yield: 80%, m. p.: 160-162°C, MASS: [M+1]+445.55IR: 1750 cm™ (C=O Str.),



1682cm™ (C=C), 2540 cm™ (Ar. CH), 1670 cm™ (-N=CH). NMR: 'H NMR (DMSO-ds, 300
MHz,): 6 = 6.65-7.05 (m, 8H, aromatic benzene), 4.80 (s, 1H, ethylene), 4.85-5.90 (s, 2H,
methine), 3.34 (s, 2H, methylene), 3.65 (s, 3H, methoxy)

2.8 Antitubercular Activity:

The synthesized molecules were evaluated for antimycobacterial activity by cul

Mycobacterium smegmatis (NCIM 5138) on Middlebrook 7H9 broth (Difco) containia

synthesized derivatives were dissolved in dimethyl sulfoxide and utilg
assay in concentration range of (3.25-1000pgm/ml)
RESULTS AND DISCUSSION

Pocket modeling of SEC of Mycobacterium tuberculosis:
re of the SEC from MTB
roMiz module of Vlife MDS 4.4 was

The binding pocket analysis was performed on t

downloaded from free protein database w
utilized to perform the pocket analysis. Electros rophobic map of the binding pocket

of SEC was generated to identify the relafive orieatafion of critical amino acids. Pocket modeling

of SEC revealed the binding pock is Aifghly hydrophobic and ASP224, HIS534, and
LYS115 are the three important agids required for the ATP binding. Fig. 2 showing the
hydrophobic map of the e si C of Mycobacterium tuberculosis. SEC runs protein

export, which is drive A the energy source, inhibition of this ATP binding, or blocking

three amino acids wi

hich will act as an anchor and two aromatic rings will act as wings to the nucleus
of achieving the bioactive U or V-shaped conformation which is complementary to
ing site of SEC. Aromatic benzaldehydes are utilized to manipulate the required
ophobic characters and from aromatic interaction with Histidine 534.

creening based on the drug-like properties:




Pharmacokinetic properties of the molecules are an important factor in the conversion of any New
Chemical Entity to the drug. Pre-assessment of this drug like properties is played a vital role in the
selection of potential drug-like candidates from designed data set of the molecules. All the

molecules in the designed set of thiazole derivatives were assessed for the Lipinski parameters like

Sr. No. Compound Mole. Wt. i Oral
Code Acce Abs.

1 Al0 476.988 4 93.54
2 All 476.988 4 4 4.738 81.4 80.91
3 B3 476.442 1 3 4.939 | 3557 | 96.72
4 Cl1 431.99 1 3 4.83 35.57 96.72
5 0 3 4.83 35.57 | 96.72
6 0 7 4.847 | 54.04 | 90.35
7 2 0 3 3.908 | 46.57 85.26
8 2 0 6 4.896 | 4137 | 94.72
9 2 1 4 4.535 | 58.63 88.77
438.019 1 0 3 4.891 | 35.57 96.72

447.99 2 1 4 4.535 | 58.63 88.77

447.99 2 1 4 4.535 | 58.63 88.77

13 Q21 447.56 3 1 7 3.873 81 81.05
Q22 417.534 2 0 5 3.778 | 57.95 89.00

15 Q24 433.533 3 1 6 3.483 81 81.05
16 Q30 431.517 1 0 3 3.498 | 67.18 85.82
17 R6 492.043 3 0 7 4.847 | 54.04 | 90.35




18 R25 421.952 1 0 3 4423 | 48.71 [92.19505
19 R26 438.019 1 0 3 4.891 | 3557 | 96.72
20 U8 491.588 5 1 8 4.038 77.1 82.40
21 V3 457.598 3 1 7 4.28
22 W8 445.562 3 0 5 4.324
23 W13 462.017 2 0 5 4.838

Molecular Docking:

Molecular docking was utilized to predict the potential active inhibitors

following table no. 4, whereas Fig. 3, 4, 5 an
M26, U8, R26 and A10 (Ball and Stick)

Table No. 4: Binding interactions

gy offdocked molecules

AQ respectively.

Sr. No. | Compound Co nding Energy H-bond Pi-Stacking
-33.43 HIS534 HIS534
-0.12 HIS534 HIS534
-35.40 HIS534 HIS534
-7.41 ASP224 HIS534
-2.31 HIS534 HIS534

HIS534
-33.32 HIS534 HIS534
-8.74 HIS534 HIS534
-37.54 ASP219 HIS534
-38.54 ASP224 HIS534
-11.91 GLN498 HIS534




11. 017 -9.81 HIS534 HIS534
12. Q21 23.92 ASP219 HIS534
13. Q22 -11.97 HIS534 HIS534
14. Q24 -11.03 HIS534 HIS534
15. Q30 -3.89 HIS534 HIS534
16. R25 -2.51 HIS534 HIS53
17. R26 -4.66 ASP224 HIS534
18. R6 -11.74 HIS534 IS5
19. U8 -0.21 HIS534 4
20. V3 -36.40 HIS534 S534
21. H25 -8.37 1S534
22. W8 -33.40 1S534
23. W13 -31.56 HIS534

Biological activity:

The anti-mycobacterial activity of the syn ed degavatives was determined against the standard

Mycobacterium smegmatis (NCIM No: 5U88). The anti-mycobacterial activity of the synthesized
derivatives was determined agai an Mycobacterium smegmatis (NCIM No: 5138).
Mycobacterium smegmatis igfanSefganism belonging to Mycobacterium family having nearly

about 80% genome simi ith MyCoObacteriumtuberculosis.Isoniazid is utilized as the positive

standard for the anti-my@ebacteri@h activity. Minimum inhibitory concentration (MIC) of the all-

in Fig 7. All the compounds have shown good to moderate activity

owed good activity (MIC: 125ugm/ml), which justifies the substitution of halogen in the
atic ring. A10, C13, F1, O13, O17, Q21, Q22, Q24, R25, R6, U8, and W13 are moderately
tive compounds with (MIC: 500pgm/ml).

Conclusion:



Attempts to design and develop molecules targeting secretory systems of Mycobacterium
tuberculosis yielded following significant findings. Identification and validation of secretory
systems as targets for anti-tubercular drug design and discovery has been successfully carried out.
Out of three protein export systems associated with Mycobacterium tuberculosis SEC protein
export system has been utilized successfully for the development of antitubercular against

are selective and can be utilized against all resistant form of tuberculosis. Protein expox

and shape of the binding pocket of SEC and which signified the de

ligands for binding with SEC of Mycobacterium tuberculosi

VI and for binding efficiency

using molecular docking analysis. Results of! alysis yielded 23 potent, selective
molecules which are successfully synthesi

1l th

caction of an aromatic aldehyde,
thiosemicarbazide and thioglycolic aci cules are successfully synthesized using
microwave assisted synthesis whichg the’yield and reduced to the time of reaction than
the procedures reported in the lit the synthesized 23 derivatives were characterized via
all physicochemical metho t and IR, and NMR spectroscopy. Halogen substituted
derivatives showed si tivity which indicates substitution of an electron withdrawing
group in aryl ring tiate anti-mycobacterial activity. M26, U8 and R26 molecules have
significant desi gical activity and specific interactions with SEC, Further optimization
of these for the development of potential antitubercular drug like candidates.
These patential dfug candidates with specific SEC inhibitory properties have resulted from the

u gration of pocket modeling and virtual screening.
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Figures

Fig. 1: Synthetic scheme of designed derivatives.
Fig. 2: Hydrophobic map of Active site of SEC of Mycobacterium tuberculosis.
Fig. 3: Figure showing posed molecule M26 (Ball and Stick) with PDB ID 4UAQ.
Fig. 4: Showing the posed Molecule U8 (Ball and Stick) with PDB ID 4UAQ.
Fig. 5: Showing the posed Molecule R26 (Ball and Stick) with PDB ID 4
Fig. 6: Showing the posed Molecule A10 (Ball and Stick) with PDB 113

Fig. 7: Designed compounds with minimum inhibitory concefitration (MIC
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Fig. 1: Synthetic scheme of designed derivati
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Fig. 3: Figure showing posed molecule M26 with PDB ID 4UAQ with hydrogen

bond interaction (Red Color) and Pi-Stac (Blue Colour).
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Fig. 4: Showing the posed Molecule U8 (Bal S 1thiPDB ID 4UAQ with hydrogen bond

interaction (Red Color).
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Fig. 5: Showing the posed Molecule R26 (Ball an )
bond interaction (Red Color).
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